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IMPORTANCE Evidence is lacking regarding the consequences of antibiotic use in early life and
the risk of certain autoimmune diseases.

OBJECTIVE To test the association between early-life antibiotic use and islet or celiac disease
(CD) autoimmunity in genetically at-risk children prospectively followed up for type 1
diabetes (T1D) or CD.

DESIGN, SETTING, AND PARTICIPANTS HLA-genotyped newborns from Finland, Germany,
Sweden, and the United States were enrolled in the prospective birth cohort of The
Environmental Determinants of Diabetes in the Young (TEDDY) study between November
20, 2004, and July 8, 2010. The dates of analysis were November 20, 2004, to August 31,
2014. Individuals from the general population and those having a first-degree relative with
T1D were enrolled if they had 1 of 9 HLA genotypes associated with a risk for T1D.

EXPOSURES Parental reports of themost common antibiotics (cephalosporins, penicillins,
andmacrolides) used between age 3months and age 4 years were recorded prospectively.

MAIN OUTCOMES ANDMEASURES Islet autoimmunity and CD autoimmunity were defined as
being positive for islet or tissue transglutaminase autoantibodies at 2 consecutive clinic visits
at least 3 months apart. Hazard ratios and 95% CIs calculated from Cox proportional hazards
regressionmodels were used to assess the relationship between antibiotic use in early life
before seroconversion and the development of autoimmunity.

RESULTS Participants were 8495 children (49.0% female) and 6558 children (48.7% female)
enrolled in the TEDDY study whowere tested for islet and tissue transglutaminase
autoantibodies, respectively. Exposure to and frequency of use of any antibiotic assessed in
this study in early life or before seroconversion did not influence the risk of developing islet
autoimmunity or CD autoimmunity. Cumulative use of any antibiotic during the first 4 years
of life was not associated with the appearance of any autoantibody (hazard ratio [HR], 0.98;
95% CI, 0.95-1.01), multiple islet autoantibodies (HR, 0.99; 95% CI, 0.95-1.03), or the
transglutaminase autoantibody (HR, 1.00; 95% CI, 0.98-1.02).

CONCLUSIONS AND RELEVANCE The use of themost prescribed antibiotics during the first
4 years of life, regardless of geographic region, was not associated with the development
of autoimmunity for T1D or CD. These results suggest that a risk of islet or tissue
transglutaminase autoimmunity need not influence the recommendations for clinical use
of antibiotics in young children at risk for T1D or CD.

JAMA Pediatr. doi:10.1001/jamapediatrics.2017.2905
Published online October 9, 2017.

Supplemental content

Author Affiliations:Author
affiliations are listed at the end of this
article.

Group Information: Themembers of
The Environmental Determinants of
Diabetes in the Young (TEDDY) Study
Group are listed at the end of the
article.

Corresponding Author: EricW.
Triplett, PhD, Department of
Microbiology and Cell Science,
Institute of Food and Agricultural
Sciences, University of Florida, 1355
Museum Rd, Gainesville, FL 32611
(ewt@ufl.edu).

Research

JAMAPediatrics | Original Investigation

(Reprinted) E1

© 2017 American Medical Association. All rights reserved.

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.2905&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.2905&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905
mailto:ewt@ufl.edu


S ince the introduction of penicillin in 1941, antibiotics

have had a crucial role in combating infections, which

has led to a sharp increase in the average life span in the

industrialized world.1 However, the increasing use of antibi-

otics worldwide has been proposed as a cause for the grow-

ing incidenceof autoimmunediseases in industrialized coun-

tries, particularly type 1diabetes (T1D) andceliacdisease (CD).

The presence or absence of an association between antibiotic

use and autoimmune diseases could have profound influ-

ences on future antibiotic use worldwide. Antibiotics admin-

istered to rodents predisposed to T1D have shown both pro-

tectiveandacceleratingeffectsondiseasedevelopment,mainly

during the prenatal andneonatal periods.2-9Yet, the antibiot-

ics used in such rodent studies are not oftenprescribed for in-

fections in children. In humans, maternal use before or dur-

ingpregnancydidnot increase theriskofchildhoodT1D,except

in a fewcaseswhereproportional useby the cohortwas so low

that it couldnotexplain the large increase inT1D incidenceover

the last 50 years.10 Increased CD risk was associated with an-

tibiotic use in children11 and adults.12

Given the conflicting evidence on antibiotic use and au-

toimmunity risk, the aim herein was to test whether the use

of oral β-lactam or macrolide antibiotics was associated with

autoimmunity forT1DorCDduring the first 4 years of life. An-

tibiotic use was investigated cumulatively from birth to as-

sess anypotential trigger associationsbefore autoimmunity in

The Environmental Determinants of Diabetes in the Young

(TEDDY) cohort.

Methods

Study Design

TheTEDDY is a large prospective cohort study that followsup

children at high genetic risk for T1D or CD at 6 clinical centers

in 4 countries (Finland, Germany, Sweden, and the United

States).13 After screening 424 788 children at birth for HLA

genes associated with T1D and CD between November 20,

2004, and July 8, 2010, the parents of 8676 genetically at-

risk children gavewritten informed consent for enrollment in

a 15-year follow-upstudyat age3months.14Thedatesof analy-

sis were November 20, 2004, to August 31, 2014. Individuals

from the general population and those having a first-degree

relative with T1D were enrolled if they had 1 of 9 HLA geno-

typesassociatedwitha risk forT1D.Parental reportsof themost

common antibiotics (cephalosporins, penicillins, andmacro-

lides) used between age 3 months and age 4 years were re-

cordedprospectively.Factorsassociatedwithenrollment in the

TEDDY study are described elsewhere15,16 and were adjusted

for in the multivariable models. The TEDDY study was ap-

provedby the followingethical institutional reviewboards: the

ColoradoMultiple InstitutionalReviewBoard, theHospitalDis-

trict of Southwest Finland Committee on Ethics, the Univer-

sity of Florida Health Center Institutional Review Board, the

Augusta University Institutional Review Board (Georgia), the

Ethik-KommissionderBayerischenLandesarztekammer (Ger-

many), theUniversityofPittsburgh InstitutionalReviewBoard,

the Lund University Committee for Continuing Ethical Re-

view(Sweden), theWestern InstitutionalReviewBoard (Wash-

ington), and the University of South Florida Institutional Re-

viewBoard. TheTEDDY study is alsomonitored by aNational

Institutes of Health external advisory board.

As of August 3, 2014, a total of 8495 children had reached

age 4 years, had a confirmed HLA genotype at age 9 months,

andwere screened for T1D and CD autoantibodies during fol-

low-up period (eFigure 1 in the Supplement). Blood samples

used for antibody testing were collected at clinic visits con-

ducted 4 times a year between age 3 months and age 4 years

andbiannually thereafter for thosewhohadnotdeveloped is-

let autoimmunity (IA) by age 4 years.17

Islet autoantibodies, including insulinautoantibody (IAA),

glutamic acid decarboxylase autoantibody (GADA), and tyro-

sinephosphatase IA-2autoantibody (IA2A),were testedaspre-

viously described.18 Islet autoimmunity was defined as being

positive for any one autoantibody at 2 consecutive clinic visits

at least3monthsapartconfirmedby2 laboratories.Thefirstpri-

mary outcome of this study was the risk of IA, but first-

appearing IAA or GADA outcomes were also analyzed. Be-

causeyoungchildrenwhodevelopa second islet autoantibody

are at high risk of developing T1D, the development of mul-

tiple persistent antibodies within 48 months was assessed

(n = 276). Individualswhodevelopedasingleautoantibody(IAA,

GADA, or IA2A) and did not progress tomultiple autoantibod-

ies before age 48months (n = 36) were censored at 48months

as nonmultiple. Thedate of seroconversionwasdefined as the

dateof the firstof2consecutivesamples that testedpositive for

a specific islet autoantibody. Formultiple islet autoantibodies,

the date of seroconversion was defined as the date of the ap-

pearance of the second persistent autoantibody.

Screening for tissue transglutaminase autoantibodies

(tTGAs) followedamodified schedule describedpreviously,19

with children tested for tTGAsbetweenage 12months andage

48months.After exclusionof childrennot tested for tTGAsbe-

tweenage 12months andage48months (n = 1934), thosewho

developed CD before tTGA testing (n = 1), and those who de-

veloped tTGAs before age 12 months (n = 2), the final cohort

size for CD autoimmunity (CDA) outcome was 6558 children

(eFigure 1 in the Supplement). The second primary outcome

Key Points

Question Is the use of β-lactam or macrolide antibiotics in early
life associated with autoimmunity for type 1 diabetes or celiac
disease?

Findings Included in this cohort study were 8495 children and
6558 children enrolled in The Environmental Determinants of
Diabetes in the Young (TEDDY) study whowere tested for islet
and tissue transglutaminase autoantibodies, respectively. Among
these children at genetic risk for type 1 diabetes or celiac disease,
the use of β-lactam or macrolide antibiotics in early life and before
seroconversion was not associated with a risk of autoimmunity for
either disease.

Meaning These results suggest that the use of themost common
antibiotics in early life does not increase the risk of autoimmunity
in children at increased genetic risk.
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of this studywas the risk of CDA, defined as being positive for

tTGAsat 2 consecutive clinic visits at least 3months apart. The

date of seroconversionwas defined as the date of the first of 2

consecutive samples that tested positive for tTGAs.

Theprimarycaregiversofchildren in theTEDDYstudykept

an ongoing record of the child’s exposures and medical his-

tory, starting at the first clinic visit at age 3 months.17 Expo-

sures from the first 3 months of life were retrospectively col-

lected at the first clinic visit. The parents recorded the use of

anyover-the-counterorprescriptionmedication, including the

brand name, reason for use, number of days of use, and age of

the child at the time of use.17Amedical coding systemwas de-

veloped to combine TEDDY medication codes with standard-

ized clinical drug nomenclature via RxNorm20 and pharmaco-

logical actions of substances. Pharmacists and TEDDY staff

ratified this system to ensure proper classification of medica-

tions. Antibiotics were classified as any medication with bac-

tericidalorbacteriostatic action.To reduce thenumberof com-

parisons during the data analysis stages, antibiotics were

grouped into the followingmajorcategories: amoxicillins,peni-

cillins, carbapenems, macrolides, and cephalosporins (eTable

1 in the Supplement). These antibiotic categories were further

collapsed intoβ-lactamantibiotics, all penicillins, and“anyan-

tibiotic,”whichwas defined as the use of any of the antibiotics

listedabove(Figure1B).Carbapenemsandotherantibioticswere

not analyzedas a separate categorydue to the low incidenceof

Figure 1. Overview of Antibiotic Use in The Environmental Determinants of Diabetes in the Young (TEDDY) Study

0

A
n

ti
b

io
ti

c

Antibiotic Use Count

10 000750050002500

Amoxicillin

Amoxicillin + Clavulanic Acid

Penicillin V

Trimethoprim + Sulfadiazine

Azithromycin

Chloramphenicol

Cefdinir

Fusidic Acid

Cephalexin

Ciprofloxacin + Dexamethasone

Erythromycin

Ofloxacin

Polymyxin B + Trimethoprim

Hydrocortisone + Oxytetracycline

Gentamicin Sulfate (USP)

Clarithromycin

Cefuroxime

Amoxicillin Trihydrate

Cefaclor

Ceftriaxone

Twenty most often used antibioticsA Procedure for forming antibiotic groupsB

β-Lactam antibiotics Macrolides

Azithromycin
Clarithromycin
Erythromycin

Erythromycin lactobionate +
Colistimethate sodium

Erythromycin + sulfisoxazole
Roxithromycin

Spiramycin

All penicillinsCephalosporins

Cefaclor
Cefadroxil
Cefazolin
Cefdinir

Cefepime
Cefixime

Cefotaxime
Cefoxitin

Cefpodoxime
Cefprozil

Ceftazidime
Ceftibuten
Ceftriaxone
Ceriaxone +

lidocaine
Cefuroxime
Cephalexin
Cephradine
Loracarbef

Carbapenems

Meropenem

Penicillin

Amdinocillin pivoxil
Ampicillin

Ampicillin +
sulbactam +
sultamicillin
Cloxacillin

Dicloxacillin
Floxacillin
Penicillin

Penicillin G
Penicillin V

Pivampicillin

Amoxicillins

Amoxicillin
Amoxicillin +

clavulanic acid
Amoxicillin +
clavulanate

Amoxicillin trihydrate

Any antibiotic

0

A
n

ti
b

io
ti

c

% Of Any Antibiotic Use

10050 7525

Any Antibiotic

β-Lactam Antibiotics

All Penicillins

Amoxicillins

Cephalosporins

Penicillin

Macrolides

Twenty most often used antibioticsC Antibiotic use attributed to otitis media and other common reasonsD

Antibiotic Group
Most Common Reason
(% of All Use)

Second Most Common Reason
(% of All Use)

β-lactam antibiotics Otitis media (64%) Streptococcal pharyngitis (6%)

All penicillins Otitis media (68%) Streptococcal pharyngitis (6%)

Amoxicillins Otitis media (73%) Acute sinusitis (4%)

Penicillin Otitis media (48%) Streptococcal pharyngitis (15%)

Cephalosporins Otitis media (42%) Streptococcal pharyngitis (7%)

Macrolides Otitis media (48%) Acute bronchitis (8%)

A, Count of the 20most often used antibiotics in the first 48months of life in
the TEDDY study. B, Procedure for forming antibiotic groups. Medications listed
under the headings were extracted from the TEDDYmedication database.
Thesemedications were grouped into major antibiotic categories
(cephalosporins, amoxicillins, penicillin, macrolides, and carbapenems). These
categories were further collapsed into any antibiotic, β-lactam antibiotics, and

all penicillins, as indicated by the flowchart. All antibiotic categories except
carbapenems were considered for analysis. C, Percentage of any antibiotic use
in the first 48months of life for the chosen antibiotic groups. D, Table of the
percentage of antibiotic use attributed to otitis media and the secondmost
common reasons for use. USP indicates United States Pharmacopeia.
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use. While the TEDDY study did not collect data on the route

of administration, any known local or topical antibiotics be-

longing to the major antibiotic categories, as determined by

TEDDYpediatricphysicians,were removed.Antibioticusewas

defined as a course of antibiotics prescribed by a physician.

Maternal medication use during pregnancy was collected

via a questionnairemailed to themothers of enrolled children

and completed 3 to 4months post partum. Probiotic exposure

wasdefinedas the timingof the first introductionofprobiotics

fromadietarysupplementor infant formula.Durationofbreast-

feedingwas collected from a questionnaire at study entry and

was reviewedwith TEDDY staff at all clinic visits.

Statistical Analysis

Theobjectivewas toexaminewhether early, cumulative, or re-

cent antibioticusewasassociatedwith instantaneous riskof IA

or CDA. Each association was assessed by a hazard ratio (HR)

and 95% CI calculated from Cox proportional hazards regres-

Figure 2. Example of Sampling and Lag Periods in Relation to Islet Autoimmunity or Celiac Disease
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positive (27-month sample)
autoantibody sample.

Table 1. Population Characteristics of the Islet Autoimmunity (IA) and Celiac Disease Autoimmunity (CDA) Cohorts

Variable

IA, %

CDA, %No Islet
Autoantibodies
(n = 8032)

First-Appearing Islet Autoantibody Multiple Islet Autoantibodies

Any
(n = 463)

GADA
(n = 157)

IAA
(n = 224)

Second Islet Autoantibody
(n = 276)

No CDA
(n = 5775)

CDA
(n = 783)

Country

Finland 20.9 25.7 16.6 31.7 28.6 23.3 20.3

Germany 6.7 8.2 4.5 8.0 9.8 6.2 5.2

Sweden 29.2 33.3 35.7 32.6 30.8 29.8 40.9

United States 43.2 328 42.3 27.7 30.8 40.7 33.6

Female sex 49.5 44.9 49.7 40.2 44.6 47.4 57.9

First-degree relative with T1D or CD 10.2 22.0 20.4 22.8 26.5 2.5 8.0

HLA-DR genotype

DR4/4, X 40.0 36.7 26.8 43.7 37.0 42.8 16.0

DR3/4 38.3 50.3 46.5 50.0 56.5 39.8 36.5

DR3/3, X 21.7 13.0 26.7 6.3 6.5 17.4 47.5

Cesarean delivery 26.2 21.8 24.2 20.5 21.7 26.6 21.5

Probiotic use before age 90 d 14.1 13.2 10.2 13.8 14.9 15.1 16.2

Breastfeeding status at age 90 d

Still exclusive breastfeeding 27.1 26.4 26.8 27.6 25.3 27.3 31.9

Breastfeeding but not exclusively 48.1 52.7 49.5 52.0 53.1 50.7 51.9

Stopped breastfeeding 24.8 21.0 23.7 20.4 21.6 21.9 16.2

Maternal antibiotic use during
pregnancy

22.8 21.2 23.6 20.5 19.9 22.7 22.7

Season of birth

Spring (March to May) 23.4 24.0 28.0 23.2 26.5 23.2 25.7

Summer (June to August) 25.3 23.8 19.8 26.8 25.7 25.4 27.1

Fall (September to November) 25.3 28.5 28.7 29.5 26.1 25.4 23.2

Winter (December to February) 26.1 23.8 23.6 20.5 21.7 26.0 24.0

Abbreviations: CD, celiac disease; GADA, glutamic acid decarboxylase autoantibody; IAA, insulin autoantibody; T1D, type 1 diabetes.
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sionmodels that regressed antibiotic use as a time-varying co-

variate on the hazard of outcome (IA or CDA). In each model,

children deemed negative for the outcome or missing 4 con-

secutive antibody samples were censored either at the age of

their last autoantibody test or at age48months,whichever oc-

curred first. Each risk set (the caseandchildrenstill at risk)was

formed on the day of the first positive sample. The between-

visit period for that specific day was considered the serocon-

versionperiod for eachchild in the risk set. For thecase, theac-

tual day of seroconversion occurred between the last 3-month

sample and the first positive sample (Figure 2). To ensure that

antibiotic use was examined before autoantibodies devel-

oped,majorantibiotics (categories showninFigure 1B)wereex-

amined only before the seroconversion period. Thenumber of

antibiotics on thehazardof outcomewasexamined separately

by the following 7 time frames: (1) cumulative count, (2) count

to age 6 months, (3) count to age 12 months, and (4) count to

age 48months using sumand step functions, aswell as the (5)

countduring0to3monthsbeforeseroconversion, (6)countdur-

ing 3 to 6months before seroconversion, and (7) count during

0 to 12months before seroconversion using sum and lag func-

tions (Figure 2). In addition, antibiotic usewithin all exposure

windows was also examined on first-appearing IAA or GADA

outcomestocheck foranyage-specificassociationwith IA.18All

models were adjusted for known risk factors, including coun-

try, sex, first-degree relative with T1D or CD, HLA-DR geno-

type,caesariandelivery,probioticusebeforeage90days,breast-

feeding status at age 90 days, maternal antibiotic use during

pregnancy, and season of birth.

Tosimplifypresentationof theresults, adjustment formul-

tiple comparisonswas performed first by examining each ex-

posure window separately, followed by a Bonferroni correc-

tion (2-sided P < .007 was considered significant) in relation

to the outcome. To further control for type I errors, a false dis-

covery rate for all time-dependent associationswith eachout-

comewas also applied,with any change in significance of the

association with antibiotic use reported for each outcome

(CochranQ<.05). Cumulative antibioticuse across timeandby

country was evaluated by generalized estimating equations

with log link. All statistical analyses were performed using a

software program (SAS, version 9.4; SAS Institute Inc).

Results

Thebaseline characteristics of the studyparticipants are sum-

marized inTable 1. Therewere38 152 recorded instancesof an-

tibioticusebyTEDDYparticipants in the first48monthsof life,

with 95 unique antibiotic compounds listed. Amoxicillins, in

any combination, were the single most commonly used anti-

biotic compound, comprising 42.3% of all reported use

(Figure 1A). All other antibiotic compounds accounted for less

than 9%of the total recorded uses. Otitismediawas themost

common reason for antibiotic use, accounting for 62.0%of all

instances (Figure 1D). The β-lactam and macrolides antibiot-

ics that were chosen for further analysis accounted for most

(70.5%) of all recorded use in the first 48 months of life

(Figure 1C). The rest of the antibioticswere either used too in-

frequently to have sufficient power for the analysis (17.7%) or

were applied topically (11.8%).

Antibioticusedifferedbycountry (eFigure2 in theSupple-

ment). InSweden, thepreferredpenicillin is penicillinV,while

amoxicillin is preferred in theUnitedStates andFinland (eFig-

ure2C in theSupplement). Cephalosporins andmacrolides are

used sparingly compared with their use in the United States,

Germany, and Finland (eFigure 2E and F in the Supplement).

Most children (72.2%) had received 0 to 2 doses of any anti-

biotic type by age 1 year; by age 4 years, 34.7%of children had

received 2 to 3 doses of any antibiotic, and 37.6% had re-

ceived 4 or more doses (Figure 3).

Antibiotic Use and the Appearance of Islet Autoantibodies

Atotalof463of8495 individuals (5.5%)developedany islet au-

toantibodies before age 49.5 months (Table 1 and eFigure 1 in

the Supplement). Themedian age at seroconversion to any is-

let autoantibodieswas 21.4months (range, 12.2-33.0months),

with IAA-first seroconversion occurring earlier (median, 16.2

months)thanGADA-firstseroconversion(median,27.0months).

The median age at seroconversion to multiple islet autoanti-

bodies was 24.3 months (range, 16.5-33.4 months). Cumula-

Figure 3. Frequency of Use by Antibiotic Type
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tive, first-year, and second-year exposure, as well as exposure

to any antibiotic category in the year before the seroconver-

sion period, was not associated with IA or multiple islet auto-

antibodies (Table2). Furtherexaminationduring themorevul-

nerableperiods showed that antibioticuse soonafter birth and

just before seroconversion was also not associated with IA or

multiple islet autoantibodies (eTable 2 in the Supplement).

Antibiotic Use and the Risk of CDA

Celiac disease autoimmunity developed in 783 of 6558 indi-

viduals (11.9%)beforeage49.5months (eFigure 1 in theSupple-

ment).ThemedianageatCDAseroconversionwas30.6months

(range, 23.7-37.9). Exposure to antibiotics cumulatively, up to

6months, during the first or second year of life, and within 6

months before the seroconversion period was not associated

withCDA (Table 2 andeTable 2 in the Supplement). Therewas

a weak association between any antibiotic use 0 to 3 months

before the seroconversion period (HR, 1.11; 95%CI, 1.00-1.22;

P = .05), which was not statistically significant after correc-

tion for multiple testing (eTable 2 in the Supplement).

Sensitivity Analysis

Sensitivity analyses were performed to evaluate the consis-

tency of the primary results across the TEDDY countries. No

significantassociationswith IAorCDAwere found.Therewere

no significant nonlinear associations with frequency of use

(0, 1-2, 2-3, or ≥4 doses) up to ages 1, 2, and 4 years for antibi-

otic use on the risk of developing IA. No significant associa-

tions were found with the interaction of season of antibiotic

use and specific antibiotic type assessed for the intervals 0 to

3months and 3 to 6months before the seroconversion period

and the risk of developing IA or CDA. Although not signifi-

cant after adjustment for multiple comparisons, a small sub-

groupof childrenwho received 2 ormore doses ofmacrolides

within the first year of life (157 of 6558 [2.4%]) had elevated

CDA risk (HR, 1.77; 95% CI, 1.18-2.66; P = .006 before adjust-

ment) comparedwithchildrenwhoreceivedfewer than2doses

of macrolides (6401 of 6558 [97.6%]). No other associations

were observed with CDA risk. Finally, maternal use of antibi-

otics during pregnancy was evaluated as a risk factor but did

not significantly contribute to IA or CDA risk (P > .05).

Table 2. Antibiotic Use Over Time Relative to the Risk of Islet Autoimmunity (IA), Multiple Islet Autoantibodies,

and Celiac Disease Autoimmunity (CDA) Examined in Separate Cox Proportional Hazards RegressionModels

Variable

Hazard Ratio (95% CI)a

IA
Multiple Islet
Autoantibodies CDA

Cumulative Use Since Birth

Any antibiotic 0.98 (0.95-1.01) 0.99 (0.95-1.03) 1.00 (0.98-1.02)

β-Lactam antibiotics 0.98 (0.95-1.02) 1.00 (0.96-1.04) 1.00 (0.97-1.02)

Cephalosporins 0.89 (0.77-1.02) 0.90 (0.76-1.06) 1.01 (0.94-1.09)

All penicillins 0.99 (0.95-1.03) 1.01 (0.96-1.06) 0.99 (0.97-1.02)

Amoxicillins 0.98 (0.94-1.03) 1.00 (0.95-1.03) 0.99 (0.96-1.02)

Penicillin 1.04 (0.92-1.18) 1.02 (0.87-1.20) 1.03 (0.92-1.09)

Macrolides 0.90 (0.79-1.04) 0.85 (0.72-1.02) 0.99 (0.91-1.08)

Use in First 2 y of Life

Any antibiotic 0.99 (0.95-1.02) 0.99 (0.95-1.04) 1.01 (0.99-1.04)

β-Lactam antibiotics 0.99 (0.95-1.03) 1.00 (0.95-1.05) 1.01 (0.98-1.04)

Cephalosporins 0.91 (0.78-1.06) 0.93 (0.78-1.11) 1.04 (0.96-1.13)

All penicillins 1.00 (0.95-1.05) 1.01 (0.96-1.07) 1.01 (0.98-1.04)

Amoxicillins 0.99 (0.94-1.04) 1.01 (0.95-1.07) 1.01 (0.97-1.04)

Penicillin 1.09 (0.94-1.26) 1.05 (0.87-1.27) 1.00 (0.91-1.11)

Macrolides 0.92 (0.79-1.07) 0.86 (0.71-1.04) 1.04 (0.95-1.14)

Use in First Year of Life

Any antibiotic 1.01 (0.95-1.07) 1.00 (0.93-1.07) 1.03 (0.99-1.07)

β-Lactam antibiotics 1.01 (0.95-1.07) 1.00 (0.93-1.08) 1.03 (0.99-1.07)

Cephalosporins 0.87 (0.69-1.09) 0.95 (0.74-1.24) 1.03 (0.90-1.17)

All penicillins 1.03 (0.96-1.10) 1.01 (0.92-1.10) 1.04 (0.99-1.09)

Amoxicillins 1.03 (0.95-1.10) 1.01 (0.92-1.11) 1.03 (0.98-1.09)

Penicillin 1.09 (0.87-1.36) 1.03 (0.76-1.40) 1.10 (0.94-1.30)

Macrolides 0.92 (0.74-1.14) 0.92 (0.70-1.19) 1.12 (0.96-1.31)

Use 1 y Before Seroconversion Period

Any antibiotic 1.00 (0.95-1.06) 0.99 (0.93-1.06) 1.04 (0.99-1.08)

β-Lactam antibiotics 1.01 (0.95-1.07) 1.00 (0.93-1.08) 1.04 (0.99-1.09)

Cephalosporins 0.89 (0.72-1.11) 0.71 (0.50-1.00) 1.08 (0.93-1.26)

All penicillins 1.02 (0.96-1.09) 1.03 (0.96-1.12) 1.04 (0.99-1.09)

Amoxicillins 1.02 (0.96-1.10) 1.03 (0.95-1.12) 1.04 (0.98-1.10)

Penicillin 0.99 (0.80-1.23) 1.06 (0.82-1.37) 1.06 (0.93-1.21)

Macrolides 0.93 (0.75-1.15) 0.87 (0.67-1.14) 1.05 (0.90-1.22)

a Adjusted for country of residence,
sex, first-degree relative with type 1
diabetes or celiac disease, HLA
genotype, caesarian delivery,
probiotic use before age 90 days,
breastfeeding status at age 90 days,
maternal antibiotic use during
pregnancy, and season of birth.
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Discussion

This multinational prospective cohort study found no evi-

dence of antibiotic use influencing the risk of T1D or CD–

related autoimmunity in the first 4 years of life in a genetically

at-risk population. This finding was true for cephalosporins,

penicillins, and macrolides, which composed 70.5% of all an-

tibiotic use in the first 48months of life among children in the

TEDDYstudy.Whiletheuseofspecificantibioticsdifferedacross

the TEDDY countries (eFigure 2 in the Supplement), therewas

no association between antibiotic use and either autoimmune

state (IA or CDA) in any of the 4 countries studied.

Theresultsofpreviouslypublishedrodentstudies2-9suggest

that diabetes outcomes are dependent on both the type of an-

tibiotic and the timingofexposure.However,9of 10antibiotics

used in those studiesdidnothave significantuse in theTEDDY

study(<3%ofusebeforeage48months).Trimethoprimwasthe

onlyantibioticused ina rodentstudy3 thatwascommonlyused

intheTEDDYstudy(10.9%ofusebeforeage48months)butwas

not investigatedhereinbecause the levelofusewas insufficient

topowertheanalysis. IntheTEDDYstudy,commonlyprescribed

antibioticswere not associatedwith IA or CDA risk.

Previouscohort studies10,21-24haveprovidedconflicting re-

sultsonanassociationbetweenantibioticuseandT1D.However,

evenwhen an associationwas observed, it could not be deter-

mined in thosestudies if theassociationbetween increasedan-

tibioticusebeforeT1DwascausedbypreclinicalT1Dandimpaired

glycemic control,10,25 which may increase susceptibility to

infections.25-27 In contrast, prospective recording of antibiotic

use over a 4-year period in the TEDDY study allowed for deter-

minationofexposuresbeforetheonsetof IAandpreclinicalT1D.

Therefore, theantibiotics analyzed in this studywere takenbe-

forethedevelopmentofanyautoantibodiesandwereshownnot

tobea risk factor for IAorCDA.Todate, oneother relevantpro-

spective study22exists, and it limitedexaminationof antibiotic

usetothefirstweekof life.Screeningfor isletautoantibodiesalso

allowedforstratifiedanalysesbasedonthetypeoffirst-appearing

autoantibodybecause IAA-first andGADA-first seroconversion

may have different primary triggers.18

Two previous studies11,12 have shown a link between an-

tibiotic use and CD risk in humans, but neither could delin-

eatewhether antibioticusewas simplya response to themani-

festationofundiagnoseddisease.28Astudy29 inSweden found

noevidenceof increasedCD riskwith antibiotic use in the first

6months of life. To our knowledge, the present TEDDY study

is the first tTGA screening study to examine associations be-

tween antibiotic use and CDA.

Recently, noassociationbetween reportedbacterial infec-

tiousepisodesand IAorCDAriskwasdemonstrated in the first

4 years of life in theTEDDYcohort,30,31 consistentwith theob-

servation herein that antibiotic use also did not influence the

risk of autoimmunity.Meanwhile, evidence ismounting for a

role of viral infections in the etiology of T1D and CD in the

TEDDY study, with gastrointestinal and respiratory infec-

tions associated with an increased risk of CDA and IA,

respectively.30,31

However, bothT1DandCDhavealsobeen linked to altera-

tions of the human gut microbiome,32-36 which is necessary

for proper development of the immune systemandestablish-

ment of oral tolerance in early life.37,38 Antibiotic influences

on the gut microbiome during gestation and immediately af-

ter birth may have a detrimental effect on proper develop-

ment of the microbiome and thus priming of the immune

system.39-44However, previous cohort studieshavenot found

any significant associations between antibiotic use in the first

week of life and the risk of T1D autoimmunity32,44 or be-

tween antibiotic use during pregnancy and increased risk of

either T1D or CD.44 Similarly, in the Finnish study,32 in which

Bacteroides doreiwas found to have increased abundance be-

fore theonset of T1Dautoimmunity, no effect of antibiotic use

was observed, and each B dorei genome sequenced from this

cohort comprisedmore than 50 antibiotic resistance genes.45

Therefore,Bdorei in those childrenwould likely survive after

treatment with antibiotics. Because the use of β-lactam and

macrolides antibioticswasnot a risk factor for IAorCDA in the

TEDDY study, the gut bacteria influenced by these antibiotics

likely do not have a role in autoimmunity.

Limitations

A limitation of this studywas that antibiotic usewas not cap-

turedbymedical recordsorpharmacy-based registriesbutwas

reported by the parents. To reduce error in parental record

keeping, theTEDDYprotocol required theparents to recordany

medication use in real time. Thismethod captured the use of

medicationsbeyond thoseprescribedbyaphysician.Thepres-

ent study was also limited by retrospective collection of ma-

ternal antibioticuseduringpregnancyand lackeddetailed rec-

ords of the specific antibiotic used by the mother during

pregnancy.Therefore, although recollectionofmedicationuse

duringpregnancymaynot beoptimal,maternal antibiotic use

during pregnancy was a binary variable, which limits the po-

tential for overestimating or underestimating use.

Conclusions

Theuse of antibiotics in early childhooddoesnot increase the

risk of IA or CDA in genetically at-risk individuals. This find-

ing suggests that autoimmunity for these 2 diseases is not as-

sociated with bacterial infections but does not exclude an

associationwithviral infectionsorgutbacteria resistant tocom-

monly prescribed antibiotics. Therefore, there is no evidence

herein to suggest that current clinical practice in the admin-

istration of the major classes of antibiotics should be revised

to avoid an increased risk of T1D or CDA in young children.

ARTICLE INFORMATION

Accepted for Publication: July 10, 2017.

Published Online:October 9, 2017.
doi:10.1001/jamapediatrics.2017.2905

Author Affiliations:Department of Microbiology
and Cell Science, Institute of Food and Agricultural

Sciences, University of Florida, Gainesville
(Kemppainen, Canepa, Triplett); Health Informatics
Institute, Morsani College of Medicine, University of
South Florida, Tampa (Vehik, Lynch, Krischer);

Early-Life Antibiotic Use and the Risk of Islet or Celiac Disease Autoimmunity Original Investigation Research

jamapediatrics.com (Reprinted) JAMAPediatrics Published online October 9, 2017 E7

© 2017 American Medical Association. All rights reserved.

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.2905&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.2905&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905


Department of Clinical Sciences, Lund University
Clinical Research Center, Skåne University Hospital,
Malmö, Sweden (Larsson, Lernmark, Agardh);
MediCity Laboratory, University of Turku, Turku,
Finland (V. Simell); Division of Paediatric
Gastroenterology and Hepatology, Dr von Hauner
Children’s Hospital, Ludwig Maximilian University,
München, Germany (Koletzko); Digestive Health
Institute, Children’s Hospital Colorado, Anschutz
Medical Campus, University of Colorado Denver,
Aurora (Liu); Research Centre of Applied and
Preventive Cardiovascular Medicine, University of
Turku, Turku, Finland (O. G. Simell); Department of
Pediatrics, University of Turku, Turku University
Hospital, Turku, Finland (Toppari); Department of
Physiology, Institute of Biomedicine, University of
Turku, Turku, Finland (Toppari); Institute of
Diabetes Research, Helmholtz ZentrumMünchen,
München, Germany (Ziegler); Klinikum Rechts der
Isar, Technische Universität München, München,
Germany (Ziegler); Forschergruppe Diabetes e.V.,
Neuherberg, Germany (Ziegler); Barbara Davis
Center for Childhood Diabetes, University of
Colorado Denver, Aurora (Rewers); Pacific
Northwest Diabetes Research Institute, Seattle,
Washington (Hagopian); Center for Biotechnology
and Genomic Medicine, Medical College of Georgia,
Augusta University, Augusta (She); National
Institute of Diabetes and Digestive and Kidney
Diseases, Bethesda, Maryland (Akolkar);
Department of Pediatrics, College of Medicine,
University of Florida, Gainesville (Schatz);
Department of Pathology, Immunology, and
Laboratory Medicine, College of Medicine,
University of Florida, Gainesville (Atkinson);
Department of Medicine andMicrobiology, New
York School of Medicine, New York (Blaser);
Department of Virology, Faculty of Medicine and
Life Sciences, University of Tampere, Tampere,
Finland (Hyöty); Fimlab Laboratories, Pirkanmaa
Hospital District, Tampere, Finland (Hyöty).

Author Contributions:Dr Triplett had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Kemppainen, Elding
Larsson, V. Simell, Liu, O. G. Simell, Toppari, Ziegler,
Rewers, Lernmark, Hagopian, She, Akolkar, Schatz,
Atkinson, Blaser, Krischer, Hyöty, Agardh, Triplett.
Acquisition, analysis, or interpretation of data:

Kemppainen, Vehik, Lynch, Elding Larsson, Canepa,
Koletzko, Liu, Toppari, Ziegler, Hagopian, She,
Schatz, Atkinson, Blaser, Krischer, Hyöty, Agardh,
Triplett.
Drafting of the manuscript: Kemppainen, Vehik,
Schatz, Agardh, Triplett.
Critical revision of the manuscript for important

intellectual content: All authors.
Statistical analysis: Vehik, Lynch, Krischer, Hyöty,
Triplett.
Obtained funding:O. G. Simell, Toppari, Ziegler,
Rewers, Lernmark, Hagopian, She, Schatz,
Atkinson, Krischer, Hyöty, Triplett.
Administrative, technical, or material support:

O. G. Simell, Toppari, Lernmark, Hagopian, Schatz,
Krischer.
Study supervision: Liu, O. G. Simell, Toppari, Ziegler,
Rewers, Hagopian, Atkinson, Krischer, Agardh,
Triplett.

Conflict of Interest Disclosures:None reported.

Funding/Support: This study was funded by grants
U01 DK63829, U01 6 DK63861, U01 DK63821,

U01 DK63865, U01 DK63863, U01 DK63836,
7 U01 DK63790, UC4 DK63829, UC4 DK63861,
UC4 DK63821, UC4 8 DK63865, UC4 DK63863,
UC4 DK63836, UC4 DK95300, UC4 DK100238,
and UC4DK106955 and by contract
HHSN267200700014C from theNational Institute
of Diabetes andDigestive and Kidney Diseases.
The TEDDY study is also funded by grants from the
National Institute of Allergy and Infectious Diseases,
the Eunice Kennedy ShriverNational Institute of Child
Health andHumanDevelopment, the National
Institute of Environmental Health Sciences, the
Juvenile Diabetes Research Foundation, and the
Centers for Disease Control and Prevention.

Role of the Funder/Sponsor: The funders of this
studywere represented in The Environmental
Determinants of Diabetes in the Young (TEDDY)
Steering Committee. The funders had a role in the
design and conduct of the study; collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit themanuscript
for publication. The corresponding author had the
final say in submitting themanuscript for publication.

Group Information: The Environmental
Determinants of Diabetes in the Young (TEDDY)
Study Groupmembers are the following: Colorado
Clinical Center: University of Colorado, Anschutz

Medical Campus, Barbara Davis Center for

Childhood Diabetes:Marian Rewers (principal
investigator), Kimberly Bautista, Judith Baxter,
Ruth Bedoy, Daniel Felipe-Morales, Kimberly
Driscoll, Brigitte I. Frohnert, Patricia Gesualdo,
Michelle Hoffman, Rachel Karban, Edwin Liu, Jill
Norris, Adela Samper-Imaz, Andrea Steck, Kathleen
Waugh, and Hali Wright. Finland Clinical Center:

University of Turku, University of Tampere,

University of Oulu, Turku University Hospital,

Hospital District of Southwest Finland, Tampere

University Hospital, Oulu University Hospital,

National Institute for Health andWelfare, Finland,

and University of Kuopio: Jorma Toppari (principal
investigator), Olli G. Simell, Annika Adamsson, Suvi
Ahonen, Heikki Hyöty, Jorma Ilonen, Sanna
Jokipuu, Tiina Kallio, Leena Karlsson, Miia Kähönen,
Mikael Knip, Lea Kovanen, Mirva Koreasalo, Kalle
Kurppa, Tiina Latva-aho, Maria Lönnrot, Elina
Mäntymäki, Katja Multasuo, JuhaMykkänen, Tiina
Niininen, Sari Niinistö, Mia Nyblom, Petra Rajala,
Jenna Rautanen, Anne Riikonen, Mika Riikonen,
Jenni Rouhiainen, Minna Romo, Tuula Simell, Ville
Simell, Maija Sjöberg, Aino Stenius, Maria
Leppänen, Sini Vainionpää, Eeva Varjonen, Riitta
Veijola, Suvi M. Virtanen, Mari Vähä-Mäkilä, Mari
Åkerlund, and Katri Lindfors.Georgia/Florida
Clinical Center: Center for Biotechnology and

Genomic Medicine, Augusta University, University of

Florida, and Pediatric Endocrine Associates, Atlanta:

Jin-Xiong She (principal investigator), Desmond
Schatz, Diane Hopkins, Leigh Steed, Jamie Thomas,
Janey Adams, Katherine Silvis, Michael Haller,
Melissa Gardiner, RichardMcIndoe, Ashok Sharma,
JoshuaWilliams, Gabriela Young, StephenW.
Anderson, and Laura Jacobsen.Germany Clinical

Center: Forschergruppe Diabetes e.V. and Institute

of Diabetes Research, Helmholtz ZentrumMünchen,

and Klinikum rechts der Isar, Technische Universität

München, Center for Regenerative Therapies,

Technische Universität Dresden, Dr von Hauner

Children’s Hospital, Department of

Gastroenterology, Ludwig Maximillians University

München, and Research Institute for Child Nutrition,

Dortmund:Anette G. Ziegler (principal investigator),

Andreas Beyerlein, Ezio Bonifacio, Michael Hummel,
Sandra Hummel, Kristina Foterek, Nicole Janz,
Mathilde Kersting, Annette Knopff, Sibylle Koletzko,
Claudia Peplow, Roswith Roth, Marlon Scholz,
Joanna Stock, KatharinaWarncke, LorenaWendel,
and ChristianeWinkler. Sweden Clinical Center:

Lund University: Åke Lernmark (principal
investigator), Daniel Agardh, Carin Andrén
Aronsson, Maria Ask, Jenny Bremer, Ulla-Marie
Carlsson, Corrado Cilio, Emelie Ericson-Hallström,
Lina Fransson, Thomas Gard, Joanna Gerardsson,
Rasmus Bennet, Monica Hansen, Gertie Hansson,
Susanne Hyberg, Fredrik Johansen, Berglind
Jonsdottir, Helena Elding Larsson, Marielle
Lindström, Markus Lundgren, Maria
Månsson-Martinez, Maria Markan, Jessica Melin,
Zeliha Mestan, Karin Ottosson, Kobra Rahmati,
Anita Ramelius, Falastin Salami, Sara Sibthorpe,
Birgitta Sjöberg, Ulrica Swartling, Evelyn Tekum
Amboh, Carina Törn, AnneWallin, ÅsaWimar, and
Sofie Åberg.Washington Clinical Center: Pacific

Northwest Diabetes Research Institute:William A.
Hagopian (principal investigator), Michael Killian,
Claire Cowen Crouch, Jennifer Skidmore, Josephine
Carson, Maria Dalzell, Kayleen Dunson, Rachel
Hervey, Corbin Johnson, Rachel Lyons, Arlene
Meyer, Denise Mulenga, Alexander Tarr, Morgan
Uland, and JohnWillis. Pennsylvania Satellite
Center: Children’s Hospital of Pittsburgh of

University of Pittsburgh Medical Center:Dorothy
Becker, Margaret Franciscus, MaryEllen
Dalmagro-Elias Smith, Ashi Daftary, Mary Beth
Klein, and Chrystal Yates.Data Coordinating
Center: University of South Florida: Jeffrey P.
Krischer (principal investigator), Michael
Abbondondolo, Sarah Austin-Gonzalez, Maryouri
Avendano, Sandra Baethke, Rasheedah Brown,
Brant Burkhardt, Martha Butterworth, Joanna
Clasen, David Cuthbertson, Christopher Eberhard,
Steven Fiske, Dena Garcia, Jennifer Garmeson,
Veena Gowda, Kathleen Heyman, Francisco Perez
Laras, Hye-Seung Lee, Shu Liu, Xiang Liu, Kristian
Lynch, Jamie Malloy, Cristina McCarthy, Steven
Meulemans, Hemang Parikh, Chris Shaffer, Laura
Smith, Susan Smith, Noah Sulman, Roy Tamura, Ulla
Uusitalo, Kendra Vehik, Ponni Vijayakandipan, Keith
Wood, and Jimin Yang. Past staff are Lori Ballard,
David Hadley, andWendyMcLeod. Project
Scientist: National Institute of Diabetes and

Digestive and Kidney Diseases: Beena Akolkar.
Other Contributors:National Institute of Allergy

and Infectious Diseases: Kasia Bourcier. Columbia

University: Thomas Briese. Florida State University:
Suzanne Bennett Johnson. University of Florida:
Eric W. Triplett.Autoantibody Reference
Laboratories: Barbara Davis Center for Childhood

Diabetes, University of Colorado Denver, School of

Clinical Sciences, University of Bristol, United

Kingdom: Liping Yu, Dongmei Miao, Polly Bingley,
Alistair Williams, Kyla Chandler, Saba Rokni, Claire
Williams, RebeccaWyatt, Gifty George, and Sian
Grace. Repository: National Institute of Diabetes
and Digestive and Kidney Diseases Biosample

Repository at Fisher BioServices: Sandra Ke and
NiveenMulholland.

Additional Contributions: Steven Fiske, BS, and
Rachel Richesson, BS, at The Environmental
Determinants of Diabetes in the Young (TEDDY)
Data Coordinating Center worked on themedical
coding system and integration of RxNorm and
TEDDYmedication codes. Mike Haller, MD (College
of Medicine, University of Florida) reviewed the
antibiotic data to identify parenteral compounds

Research Original Investigation Early-Life Antibiotic Use and the Risk of Islet or Celiac Disease Autoimmunity

E8 JAMAPediatrics Published online October 9, 2017 (Reprinted) jamapediatrics.com

© 2017 American Medical Association. All rights reserved.

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905


for removal. No compensation was received by
these individuals.

REFERENCES

1. Fletcher C. First clinical use of penicillin. BMJ (Clin

Res Ed). 1984;289(6460):1721-1723.

2. Brown K, Godovannyi A, Ma C, et al. Prolonged
antibiotic treatment induces a diabetogenic
intestinal microbiome that accelerates diabetes in
NODmice. ISME J. 2016;10(2):321-332.

3. Brugman S, Klatter FA, Visser JT, et al. Antibiotic
treatment partially protects against type 1 diabetes
in the Bio-Breeding diabetes-prone rat: is the gut
flora involved in the development of type 1
diabetes? Diabetologia. 2006;49(9):2105-2108.

4. Candon S, Perez-Arroyo A, Marquet C, et al.
Antibiotics in early life alter the gut microbiome and
increase disease incidence in a spontaneous mouse
model of autoimmune insulin-dependent diabetes.
PLoS One. 2015;10(5):e0125448.

5. Hansen CH, Krych L, Nielsen DS, et al. Early life
treatment with vancomycin propagates
Akkermansia muciniphila and reduces diabetes
incidence in the NODmouse. Diabetologia. 2012;55
(8):2285-2294.

6. Hu Y, Peng J, Tai N, et al. Maternal antibiotic
treatment protects offspring from diabetes
development in nonobese diabetic mice by
generation of tolerogenic antigen-presenting cells.
J Immunol. 2015;195(9):4176-4184.

7. Hu Y, Jin P, Peng J, Zhang X, Wong FS, Wen L.
Different immunological responses to early-life
antibiotic exposure affecting autoimmune diabetes
development in NODmice. J Autoimmun. 2016;72
(8):47-56.

8. Schwartz RF, Neu J, Schatz D, AtkinsonMA,
Wasserfall C. Comment on: Brugman S et al. (2006)
Antibiotic treatment partially protects against type
1 diabetes in the Bio-Breeding diabetes-prone rat.
Is the gut flora involved in the development of
type 1 diabetes? Diabetologia 49:2105-2108.
Diabetologia. 2007;50(1):220-221.

9. Livanos AE, Greiner TU, Vangay P, et al.
Antibiotic-mediated gut microbiome perturbation
accelerates development of type 1 diabetes in mice.
Nat Microbiol. 2016;1(11):16140.

10. Kilkkinen A, Virtanen SM, Klaukka T, et al. Use
of antimicrobials and risk of type 1 diabetes in a
population-basedmother-child cohort.Diabetologia.
2006;49(1):66-70.

11. Canova C, Zabeo V, Pitter G, et al. Association of
maternal education, early infections, and antibiotic
use with celiac disease: a population-based birth
cohort study in northeastern Italy. Am J Epidemiol.
2014;180(1):76-85.

12. Mårild K, YeW, Lebwohl B, et al. Antibiotic
exposure and the development of coeliac disease:
a nationwide case-control study. BMC Gastroenterol.
2013;13:109.

13. HagopianWA, Lernmark A, Rewers MJ, et al.
TEDDY: The Environmental Determinants of
Diabetes in the Young: an observational clinical trial.
Ann N Y Acad Sci. 2006;1079:320-326.

14. HagopianWA, Erlich H, Lernmark A, et al;
TEDDY Study Group. The Environmental
Determinants of Diabetes in the Young (TEDDY):
genetic criteria and international diabetes risk

screening of 421 000 infants. Pediatr Diabetes.
2011;12(8):733-743.

15. Baxter J, Vehik K, Johnson SB, Lernmark B,
Roth R, Simell T; TEDDY StudyGroup. Differences
in recruitment and early retention among ethnic
minority participants in a large pediatric cohort: the
TEDDYstudy.ContempClinTrials. 2012;33(4):633-640.

16. Lernmark B, Johnson SB, Vehik K, et al.
Enrollment experiences in a pediatric longitudinal
observational study: The Environmental
Determinants of Diabetes in the Young (TEDDY)
study. Contemp Clin Trials. 2011;32(4):517-523.

17. TEDDY Study Group. The Environmental
Determinants of Diabetes in the Young (TEDDY)
study: study design. Pediatr Diabetes. 2007;8(5):
286-298.

18. Krischer JP, Lynch KF, Schatz DA, et al;
TEDDY Study Group. The 6 year incidence of
diabetes-associated autoantibodies in genetically
at-risk children: the TEDDY study. Diabetologia.
2015;58(5):980-987.

19. Liu E, Lee HS, Aronsson CA, et al; TEDDY Study
Group. Risk of pediatric celiac disease according to
HLA haplotype and country. N Engl J Med. 2014;371
(1):42-49.

20. Nelson SJ, Zeng K, Kilbourne J, Powell T,
Moore R. Normalized names for clinical drugs:
RxNorm at 6 years. J AmMed Inform Assoc. 2011;18
(4):441-448.

21. Hviid A, SvanströmH. Antibiotic use and type 1
diabetes in childhood. Am J Epidemiol. 2009;169
(9):1079-1084.

22. Virtanen SM, Takkinen HM, Nwaru BI, et al.
Microbial exposure in infancy and subsequent
appearance of type 1 diabetes mellitus–associated
autoantibodies: a cohort study. JAMA Pediatr. 2014;
168(8):755-763.

23. Boursi B, Mamtani R, Haynes K, Yang YX.
The effect of past antibiotic exposure on diabetes
risk. Eur J Endocrinol. 2015;172(6):639-648.

24. Fazeli Farsani S, Souverein PC, van der Vorst
MM, Knibbe CA, de Boer A, Mantel-Teeuwisse AK.
Population-based cohort study of anti-infective
medication use before and after the onset of type 1
diabetes in children and adolescents. Antimicrob

Agents Chemother. 2014;58(8):4666-4674.

25. Casqueiro J, Casqueiro J, Alves C. Infections in
patients with diabetes mellitus: a review of
pathogenesis. Indian J Endocrinol Metab. 2012;16
(suppl 1):S27-S36.

26. Muller LM, Gorter KJ, Hak E, et al. Increased
risk of common infections in patients with type 1
and type 2 diabetes mellitus. Clin Infect Dis. 2005;
41(3):281-288.

27. Simonsen JR, Harjutsalo V, Järvinen A, et al;
FinnDiane Study Group. Bacterial infections in
patients with type 1 diabetes: a 14-year follow-up
study. BMJ Open Diabetes Res Care. 2015;3(1):
e000067.

28. Mårild K, Kahrs CR, Tapia G, Stene LC, Størdal
K. Infections and risk of celiac disease in childhood:
a prospective nationwide cohort study. Am J

Gastroenterol. 2015;110(10):1475-1484.

29. Myléus A, Hernell O, Gothefors L, et al. Early
infections are associated with increased risk for
celiac disease: an incident case-referent study. BMC

Pediatr. 2012;12:194.

30. Kemppainen KM, Lynch KF, Liu E, et al; TEDDY
Study Group. Factors that increase risk of celiac
disease autoimmunity after a gastrointestinal
infection in early life. Clin Gastroenterol Hepatol.
2017;15(5):694-702.e5.

31. Lönnrot M, Lynch KF, Elding Larsson H, et al;
TEDDY Study Group. Respiratory infections are
temporally associated with initiation of type 1
diabetes autoimmunity: the TEDDY study.
[published online August 2, 2017].Diabetologia. 2017.
doi:10.1007/s00125-017-4365-5

32. Davis-Richardson AG, Ardissone AN, Dias R,
et al. Bacteroides dorei dominates gut microbiome
prior to autoimmunity in Finnish children at high
risk for type 1 diabetes. Front Microbiol. 2014;5:678.

33. Davis-Richardson AG, Triplett EW. Amodel for
the role of gut bacteria in the development of
autoimmunity for type 1 diabetes. Diabetologia.
2015;58(7):1386-1393.

34. Knip M, Siljander H. The role of the intestinal
microbiota in type 1 diabetes mellitus.Nat Rev
Endocrinol. 2016;12(3):154-167.

35. Marasco G, Di Biase AR, Schiumerini R, et al.
Gut microbiota and celiac disease. Dig Dis Sci. 2016;
61(6):1461-1472.

36. McLeanMH, Dieguez D Jr, Miller LM, Young
HA. Does themicrobiota play a role in the
pathogenesis of autoimmune diseases? Gut. 2015;
64(2):332-341.

37. Round JL, Mazmanian SK. Inducible Foxp3+

regulatory T-cell development by a commensal
bacterium of the intestinal microbiota. Proc Natl
Acad Sci U S A. 2010;107(27):12204-12209.

38. Walker WA. Initial intestinal colonization in the
human infant and immune homeostasis. Ann Nutr
Metab. 2013;63(suppl 2):8-15.

39. Becattini S, Taur Y, Pamer EG. Antibiotic-induced
changes in the intestinal microbiota and disease.
TrendsMolMed. 2016;22(6):458-478.

40. Bokulich NA, Chung J, Battaglia T, et al.
Antibiotics, birth mode, and diet shapemicrobiome
maturation during early life. Sci Transl Med. 2016;8
(343):343ra82.

41. Fouhy F, Guinane CM, Hussey S, et al.
High-throughput sequencing reveals the incomplete,
short-term recovery of infant gutmicrobiota
following parenteral antibiotic treatmentwith
ampicillin and gentamicin.Antimicrob Agents

Chemother. 2012;56(11):5811-5820.

42. FrancinoMP. Antibiotics and the human gut
microbiome: dysbioses and accumulation of
resistances. Front Microbiol. 2016;6:1543.

43. Pérez-Cobas AE, Gosalbes MJ, Friedrichs A,
et al. Gut microbiota disturbance during antibiotic
therapy: a multi-omic approach. Gut. 2013;62(11):
1591-1601.

44. Mårild K, Ludvigsson J, Sanz Y, Ludvigsson JF.
Antibiotic exposure in pregnancy and risk of coeliac
disease in offspring: a cohort study. BMC

Gastroenterol. 2014;14:75.

45. LeonardMT, Davis-Richardson AG,
Ardissone AN, et al. Themethylome of the gut
microbiome: disparate Dammethylation patterns in
intestinal Bacteroides dorei. Front Microbiol. 2014;
5:361.

Early-Life Antibiotic Use and the Risk of Islet or Celiac Disease Autoimmunity Original Investigation Research

jamapediatrics.com (Reprinted) JAMAPediatrics Published online October 9, 2017 E9

© 2017 American Medical Association. All rights reserved.

https://www.ncbi.nlm.nih.gov/pubmed/6440620
https://www.ncbi.nlm.nih.gov/pubmed/6440620
https://www.ncbi.nlm.nih.gov/pubmed/26274050
https://www.ncbi.nlm.nih.gov/pubmed/16816951
https://www.ncbi.nlm.nih.gov/pubmed/25970503
https://www.ncbi.nlm.nih.gov/pubmed/22572803
https://www.ncbi.nlm.nih.gov/pubmed/22572803
https://www.ncbi.nlm.nih.gov/pubmed/26401004
https://www.ncbi.nlm.nih.gov/pubmed/27178773
https://www.ncbi.nlm.nih.gov/pubmed/27178773
https://www.ncbi.nlm.nih.gov/pubmed/17119915
https://www.ncbi.nlm.nih.gov/pubmed/27782139
https://www.ncbi.nlm.nih.gov/pubmed/16344923
https://www.ncbi.nlm.nih.gov/pubmed/16344923
https://www.ncbi.nlm.nih.gov/pubmed/24853109
https://www.ncbi.nlm.nih.gov/pubmed/24853109
https://www.ncbi.nlm.nih.gov/pubmed/23834758
https://www.ncbi.nlm.nih.gov/pubmed/23834758
https://www.ncbi.nlm.nih.gov/pubmed/17130573
https://www.ncbi.nlm.nih.gov/pubmed/21564455
https://www.ncbi.nlm.nih.gov/pubmed/21564455
https://www.ncbi.nlm.nih.gov/pubmed/22484339
https://www.ncbi.nlm.nih.gov/pubmed/21419878
https://www.ncbi.nlm.nih.gov/pubmed/17850472
https://www.ncbi.nlm.nih.gov/pubmed/17850472
https://www.ncbi.nlm.nih.gov/pubmed/25660258
https://www.ncbi.nlm.nih.gov/pubmed/25660258
https://www.ncbi.nlm.nih.gov/pubmed/24988556
https://www.ncbi.nlm.nih.gov/pubmed/24988556
https://www.ncbi.nlm.nih.gov/pubmed/21515544
https://www.ncbi.nlm.nih.gov/pubmed/21515544
https://www.ncbi.nlm.nih.gov/pubmed/19318617
https://www.ncbi.nlm.nih.gov/pubmed/19318617
https://www.ncbi.nlm.nih.gov/pubmed/24957949
https://www.ncbi.nlm.nih.gov/pubmed/24957949
https://www.ncbi.nlm.nih.gov/pubmed/25805893
https://www.ncbi.nlm.nih.gov/pubmed/24890584
https://www.ncbi.nlm.nih.gov/pubmed/24890584
https://www.ncbi.nlm.nih.gov/pubmed/22701840
https://www.ncbi.nlm.nih.gov/pubmed/22701840
https://www.ncbi.nlm.nih.gov/pubmed/16007521
https://www.ncbi.nlm.nih.gov/pubmed/16007521
https://www.ncbi.nlm.nih.gov/pubmed/25767718
https://www.ncbi.nlm.nih.gov/pubmed/25767718
https://www.ncbi.nlm.nih.gov/pubmed/26346866
https://www.ncbi.nlm.nih.gov/pubmed/26346866
https://www.ncbi.nlm.nih.gov/pubmed/23249321
https://www.ncbi.nlm.nih.gov/pubmed/23249321
https://www.ncbi.nlm.nih.gov/pubmed/27840181
https://www.ncbi.nlm.nih.gov/pubmed/27840181
http://dx.doi.org/10.1007/s00125-017-4365-5
https://www.ncbi.nlm.nih.gov/pubmed/25540641
https://www.ncbi.nlm.nih.gov/pubmed/25957231
https://www.ncbi.nlm.nih.gov/pubmed/25957231
https://www.ncbi.nlm.nih.gov/pubmed/26729037
https://www.ncbi.nlm.nih.gov/pubmed/26729037
https://www.ncbi.nlm.nih.gov/pubmed/26725064
https://www.ncbi.nlm.nih.gov/pubmed/26725064
https://www.ncbi.nlm.nih.gov/pubmed/25416067
https://www.ncbi.nlm.nih.gov/pubmed/25416067
https://www.ncbi.nlm.nih.gov/pubmed/20566854
https://www.ncbi.nlm.nih.gov/pubmed/20566854
https://www.ncbi.nlm.nih.gov/pubmed/24217032
https://www.ncbi.nlm.nih.gov/pubmed/24217032
https://www.ncbi.nlm.nih.gov/pubmed/27178527
https://www.ncbi.nlm.nih.gov/pubmed/27306664
https://www.ncbi.nlm.nih.gov/pubmed/27306664
https://www.ncbi.nlm.nih.gov/pubmed/22948872
https://www.ncbi.nlm.nih.gov/pubmed/22948872
https://www.ncbi.nlm.nih.gov/pubmed/26793178
https://www.ncbi.nlm.nih.gov/pubmed/23236009
https://www.ncbi.nlm.nih.gov/pubmed/23236009
https://www.ncbi.nlm.nih.gov/pubmed/24731164
https://www.ncbi.nlm.nih.gov/pubmed/24731164
https://www.ncbi.nlm.nih.gov/pubmed/25101067
https://www.ncbi.nlm.nih.gov/pubmed/25101067
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.2905


̹	ʹͲͳ͹	American	Medical	AssociationǤ	All	rights	reservedǤ		

 
Supplementary Online Content 

 
Kemppainen KM, Vehik K, Lynch KF, et al; The Environmental Determinants of 
Diabetes in the Young (TEDDY) Study Group. Association between early-life 
antibiotic use and the risk of islet or celiac disease autoimmunity. JAMA Pediatr. 
Published online October 9, 2017. doi:10.1001/jamapediatrics.2017.2905 

 

eFigure 1. Study Population for Both IA Data Cohort and CDA Data Cohort 
 
eFigure 2. Percentage of Children in Each TEDDY Country That Has Reported 
Use of Each Antibiotic Group 
 
eTable 1. List of Medication Ingredients in Each Major Antibiotic Category 
 
eTable 2. Antibiotics Use Over Time on Risk of IA, Multiple Islet Autoantibodies, 
and CDA Examined in Separate Proportional Hazards Model 
 
 
This supplementary material has been provided by the authors to give readers 
additional information about their work. 
  



̹	ʹͲͳ͹	American	Medical	AssociationǤ	All	rights	reservedǤ		

eFigure 1. Study Population for Both IA Data Cohort and CDA Data Cohort. Data as of 
August 31st 2014. 

 

8676 Children enrolled in TEDDY 

6558  Eligible population for celiac disease 

autoimmunity (CDA) outcome 

783 CDA between 12 and ≤49.5 months 

of age 

8495  Eligible population for islet autoimmunity 

(IA) outcome 

467  Any islet autoantibody ≤49.5 months 

of age 

8028  No islet autoantibody ≤49.5 months 

of age 

5775 No CDA ≤ 49.5 months of age 

181 Excluded 

 116  HLA ineligible 

   55  Indeterminate 

   10  Missing ≥4 consecutive visits 

1937  Excluded 

 1934 No tTGA test between 12-48 months 

       1 Developed CD without prior tTGA            

          measures 

       2 Developed tTGA prior to 12.0 months 
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eFigure 2. Percentage of Children in Each TEDDY Country That Has Reported Use of 
Each Antibiotic Group 
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eTable 1. List of Medication Ingredients in Each Major Antibiotic Category 
Major antibiotic category Medication ingredients 

Amoxicillins Amoxicillin 
 Amoxicillin + Clavulanic Acid 
 Amoxicillin + Clavulanate 
 Amoxicillin Trihydrate 
  
Penicillins Amdinocillin Pivoxil 
 Ampicillin 
 Ampicillin + Sulbactam + Sultamicillin 
 Cloxacillin 
 Dicloxacillin 
 Floxacillin 
 Penicillin 
 Penicillin G 
 Penicillin V 
 Pivampicillin 
  
Carbapenems Meropenem 
  
Macrolides Azithromycin 
 Clarithromycin 
 Erythromycin 
 Erythromycin lactobionate + Colistimethate sodium 
 Erythromycin + Sulfisoxazole 
 Roxithromycin 
 Spiramycin 
  
Cephalosporins Cefaclor 
 Cefadroxil 
 Cefazolin 
 Cefdinir 
 Cefepime 
 Cefixime 
 Cefotaxime 
 Cefoxitin 
 Cefpodoxime 
 Cefprozil 
 Ceftazidime 
 Ceftibuten 
 Ceftriaxone 
 Ceftriaxone + Lidocaine 
 Cefuroxime 
 Cephalexin 
 Cephradine 
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 Loracarbef 
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eTable 2. Antibiotics Use Over Time on Risk of IA, Multiple Islet Autoantibodies, and 
CDA Examined in Separate Proportional Hazards Model 
Exposure (/n) IA Multiple islet 

autoantibodies 
CDA 

HRa (95% CI) HRa (95% CI) HRa (95% CI) 
Use in the first 6 months 
of life 

   

  Any antibiotic 0.99 (0.89 – 1.11) 0.99 (0.86 – 1.14) 1.05 (0.97 – 1.13) 
  Beta Lactam antibiotic 1.03 (0.91 – 1.15) 1.01 (0.87 – 1.18) 1.05 (0.97 – 1.15) 
  Cephalosporins 0.94 (0.65 – 1.36) 1.04 (0.68 – 1.62) 1.04 (0.79 – 1.36) 
  All penicillins 1.04 (0.92 – 1.19) 1.01 (0.85 – 1.20) 1.07 (0.97 – 1.18) 
  Amoxicillin 1.02 (0.89 – 1.18) 1.01 (0.84 – 1.22) 1.06 (0.96 – 1.18) 
  Penicillin 1.19 (0.83 – 1.71) 1.03 (0.62 – 1.70) 1.10 (0.82 – 1.48) 
  Macrolide 0.66 (0.39 – 1.11) 0.77 (0.45 – 1.33) 1.04 (0.77 – 1.39) 
0-3 months prior to 
seroconversion period 

   

  Any antibiotic 0.99 (0.86 – 1.13) 1.06 (0.91 – 1.23) 1.11 (1.00 – 1.22) 
  Beta Lactam antibiotic 0.99 (0.86 – 1.15) 1.07 (0.91 – 1.26) 1.10  (0.99 – 1.23)
  Cephalosporins 0.66 (0.37 – 1.19) 0.38 (0.13 – 1.12) 1.12 (0.79 – 1.60) 
  All penicillins  1.03 (0.89 – 1.21) 1.14 (0.97 – 1.36) 1.10 (0.98 – 1.24) 
  Amoxicillin 1.03 (0.87 – 1.22) 1.14 (0.95 – 1.36) 1.13 (1.00 – 1.29) 
  Penicillin 1.08 (0.69 – 1.70) 1.26 (0.74 – 2.15) 0.98 (0.71 – 1.35) 
  Macrolide 0.91 (0.58 – 1.45) 1.01 (0.61 – 1.69) 1.25 (0.91 – 1.72) 
3-6 months prior to 
seroconversion period 

   

  Any antibiotic 0.95 (0.82 – 1.09) 1.03 (0.88 – 1.20) 1.10 (1.00 – 1.21) 
  Beta Lactam antibiotic 0.96 (0.82 – 1.12) 1.05 (0.89 – 1.24) 1.11 (1.00 – 1.23) 
  Cephalosporins 0.73 (0.42 – 1.28) 0.87 (0.47 – 1.60) 1.21 (0.88 – 1.67) 
  All penicillins  0.98 (0.83 – 1.16) 1.08 (0.90 – 1.29) 1.11 (0.99 – 1.23) 
  Amoxicillin 0.95 (0.79 – 1.15) 1.10 (0.91 – 1.33) 1.12 (0.99 – 1.26) 
  Penicillin 1.17 (0.77 – 1.80) 0.91 (0.49 – 1.70) 1.08 (0.81 – 1.45) 
  Macrolide 0.81 (0.48 – 1.38) 0.82 (0.44 – 1.52) 1.07 (0.76 – 1.51) 
Abbreviations: IA, islet autoimmunity; CDA, celiac disease autoimmunity; HR, hazard 
ratio; CI, confidence interval 
aAdjusted for HLA, first degree relative status, season of birth, sex, breastfeeding status 
at 90 days of age, Caesarian Section, maternal antibiotic use in utero, probiotics use 
started by 90 days of age and country of residence 


