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Prenatal and Postnatal Exposure to Antibiotics and the Risk of Type 1
Diabetes in Finnish Children: A Registry-based Study

Leena Hakola, PhD1,2,3, Annamari Lundqvist, PhD3, Mika Gissler, PhD6,7,8, Lauri J. Virta, MD, PhD5, Suvi M. Virtanen, MD,

PhD1,2,3,4, and Johanna Mets€al€a, PhD3

Objective To study whether prenatal and postnatal exposure to antibiotics is associated with the risk of type 1
diabetes in childhood.
Study design This case cohort study included 2869 children diagnosed with type 1 diabetes by the end of 2009
who were born between January 1, 1996, and December 31, 2008, in Finland and a reference cohort (n = 74 263)
representing 10% of each birth cohort. Exposure to antibiotics was assessed in different time periods. The data
were derived from Special Reimbursement Register, Drug Prescription Register, and Population Register and
analyzed with weighted Cox proportional hazards regression models.
Results Exposure to any antibiotics before or during pregnancy, in the neonatal ward, during the first year of life, or
during the 2 first years of life, was not associated with the risk of type 1 diabetes in the offspring. Exposure tomacro-
lides in the year preceding pregnancy (adjusted hazard ratio [HR], 1.17; 95%CI, 1.02-1.33) and to sulfonamides and
trimethoprim during pregnancy (adjusted HR, 1.91; 95% CI, 1.07-3.41) was associated with an increased risk of
type 1 diabetes in the offspring. Exposure to sulfonamides and trimethoprim during first 2 years of life was associ-
ated with a decreased risk of type 1 diabetes (adjusted HR, 0.84; 95% CI, 0.73-0.97). The number of antibiotic pur-
chases among mothers or children was not associated with type 1 diabetes risk.
Conclusions Prenatal and postnatal exposure to antibiotics in general did not increase the risk of type 1 diabetes
in the offspring. However, the type of antibiotic and timing of exposure may play a role in type 1 diabetes risk. (J
Pediatr 2025;276:114292).
T
he incidence of type 1 diabetes has been increasing over decades in several countries, including Finland.1 Although the
increase seems to have plateaued, the incidence in Finland is among the highest in the world.2 The use of antibiotics has
been suggested as a potential risk factor for type 1 diabetes, because antibiotics affect the gut microbiota, and distur-

bances in the gut microbiota are believed to play a role in the development of type 1 diabetes.3 In contrast, the use of antibiotics
may reflect infections, some of which have also been linked to the risk of type 1 diabetes.4

Maternal use of antibiotics before or during pregnancy could play a role in child’s risk of type 1 diabetes. A Swedish study
showed a weak association between maternal antibiotics use during pregnancy and increased risk of childhood type 1 diabetes,
although other studies found no association.5-8 The association between child’s early exposure to antibiotics and subsequent
development of type 1 diabetes has also been studied with inconsistent results.5-7,9-12 The associations may depend on the
timing of the exposure and the type of antibiotic. A meta-analysis found no association between an overall antibiotic exposure
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in early childhood and the risk of type 1 diabetes, although antibiotic use
increased the risk of several other conditions such as allergic symptoms, asthma
and obesity.13

In Finland, the association between prenatal and postnatal exposure to antibi-
otics and the risk of type 1 diabetes has been investigated only in smaller-scale
case-control studies including 437 and 102 children with type 1 diabetes.14,15

These studies observed no association between an overall exposure to antibiotics
in mothers or children and the risk of type 1 diabetes.14,15 However, some specific
associations were reported, such as maternal exposure to phenoxymethylpenicil-
lins or quinolone antimicrobials before pregnancy and an increased risk of type 1
diabetes in the child.14 Finally, a recent Finnish study focusing on intrapartum
exposure to antibiotics among vaginally delivered infants reported antibiotics
sharing of the data used in the present study. Access to
Finnish register data can be requested from the Finnish
Social and Health Data Permit Authority (Findata; www.
findata.fi).

0022-3476/ª 2024 The Authors. Published by Elsevier Inc. This is an

open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.jpeds.2024.114292

ATC Anatomical therapeutic chemical (classification system)
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to be associated increased risk of any autoimmune diseases in
the offspring, but not specifically with type 1 diabetes.16

Our aim was to study whether prenatal and postnatal
exposure to antibiotics is associated with the risk of type 1
diabetes in childhood in a nationwide case-cohort study in
Finland. We focused on maternal exposure to antibiotics
during the 1 year before pregnancy and during pregnancy,
and the child’s exposure by the age of 2 years. We also eval-
uated different types of antibiotics, and interaction analyses,
for example, including delivery mode and sex.

Methods

Data for the present case cohort study were obtained from
nationwide health registers and linked together using unique
personal identity codes assigned to all Finnish residents after
birth or when getting permanent residency. The Special
Reimbursement Register and the Population Register main-
tained by the Social Insurance Institution of Finland were
used to select case children and the reference cohort, respec-
tively, as described previosuly.17 Case children were defined
as all those children who were born in Finland between
January 1, 1996, and December 31, 2008, and who had
received a special reimbursement for the costs of diabetic
medicine by the end of 2009 (n = 2920). In Finland, pediatric
patients with type 1 diabetes are entitled to a special reim-
bursement for the cost of the disease-related medication after
specialist-verified diagnosis and a Social Insurance Institu-
tion review. The administrative process for decision-
making takes only a couple of weeks; thus, the date of entitle-
ment decision of the special reimbursement was used as a
proxy for the date of diagnosis. Case children who had a
type 2 diabetes diagnosis (International Classification of Dis-
eases, 10th edition, code E11) (n = 45), who had no insulin
purchases after the diagnosis (n = 5), or both (n = 1) were
excluded. Finally, 2869 children were included in the study
as type 1 diabetes cases. A 10% random sample from each
birth year cohort (1996-2008) was selected as a reference
cohort (n = 74 646), and after excluding 43 children who
died on their birth date, the final reference cohort included
74 603 children. According to the study design, 340 children
with type 1 diabetes were also included in the refer-
ence cohort.

We used a nationwide prescription database, the Drug
Prescription Registry maintained by the Social Insurance
Institution to obtain information on dispensed reimbursed
antibiotics.18

All prescribed drugs reimbursed by the National Sickness
Insurance Scheme are registered in the Drug Prescription
Registry maintained since 1994. In Finland, outpatient anti-
biotics are available on prescription only and are sold only in
pharmacies. The Drug Prescription Registry includes infor-
mation on drug class (Anatomical Therapeutic Chemical
[ATC] Classification System) and dispensing date of the pre-
scription.19 The register does not include antibiotics admin-
istrated at hospitals.
2

Information on all antibiotic (ATC code J01, antibacterials
for systemic use) purchases by the mother and for the child
between 1995 and 2008 was extracted. For maternal antibi-
otics, the exposure periods were defined as the 1 year preced-
ing pregnancy and pregnancy (calculated from child’s birth
date and gestational age or in case of missing gestational
age we made an assumption of 280 days for the duration
of gestation).
Maternal exposure to antibiotics categorized as overall

exposure (0 vs ³1 purchases) of any antibiotics, overall expo-
sure (0 vs ³1 purchases) of most commonly purchased spe-
cific antibiotics, namely, cephalosporins (ATC code J01DB-
DC), broad-spectrum penicillins (J01CA), macrolides
(J01FA), tetracyclines (J01AA), phenoxymethylpenicillin
(J01CE02), fluoroquinolones (J01 MA), sulfonamides and
trimethoprim (J01E), and number of purchases (0, 1, 2, or
³3 purchases) of any antibiotics.
Child exposure periods examined were the first year of life

and the first 2 years of life. Child’s exposure to antibiotics was
categorized as overall exposure (0 vs ³1 purchases) to any an-
tibiotics, and overall exposure (0 vs ³1 purchases) to themost
commonly used specific antibiotics, namely, amoxicillin
(including its combination with enzyme inhibitor; ATC co-
des J01CA04 and J01CR02), macrolides (J01FA), cephalo-
sporins (J01DB-DC), sulfonamides and trimethoprim
(J01E), phenoxymethylpenicillin (J01CE02), and number of
purchases (0, 1, 2, 3, 4, or ³5 purchases) of any antibiotics.
In addition, we obtained information on exposure to antibi-
otics in the neonatal ward (yes/no) from the Medical
Birth Register.
Information on maternal background, pregnancy, and

newborn characteristics as derived from the Finnish Medical
Birth Register, collected since 1987 and maintained by the
Finnish Institute for Health and Welfare. Covariates include
maternal age at birth (<25, 25-29, 30-34, or ³35 years),
maternal smoking during pregnancy (no, yes), maternal dia-
betes (type 1 or 2, medication initiated before delivery; no,
yes), maternal asthma (medication initiated before delivery;
no, yes), maternal previous deliveries (0, 1, or ³2), gestational
age (<37, 37-41, or ³42 weeks), child’s birth size (small,
appropriate, large for gestational age), sex (female, male),
season of birth (winter: December-February, spring:
March-May, summer: June-August, autumn: September-
November), mode of delivery (vaginal delivery, caesarean
section), and child’s year of birth (continuous).20

Information on maternal asthma, maternal diabetes, and
child’s asthma before the of 1 and 2 years of age was obtained
from the Special Reimbursement Register. In addition to a
physician-confirmed diagnosis, a year-round drug treatment,
mainly with inhaled corticosteroids and inhaled b2-agonists
as add-on therapy, is a requirement for special reimburse-
ment for asthma.
The association between exposure to antibiotics and the

risk of type 1 diabetes was analyzed using weighted Cox pro-
portional hazards regression that takes into account the case
cohort design. Children were followed from birth, age 1 year,
Hakola et al



Table I. Background characteristics of children with
type 1 diabetes and the children in the reference
cohorts without type 1 diabetes born between 1996 and
2008 in Finland

Characteristics

Children with
type 1
diabetes
(n = 2869)

Children
without type 1

diabetes
(n = 74 263)

No. % No. %

Maternal age at child’s birth, years
<25 506 17.6 14 390 19.4
25-29 936 32.6 23 624 31.8
30-34 932 32.5 22 904 30.8
³35 495 17.3 13 345 18.0

Maternal smoking during pregnancy
No 2523 87.9 63 192 85.1
Yes 278 9.7 9083 12.2
Missing 68 2.4 1988 2.7

Maternal diabetes
No 2761 96.2 73 641 99.2
Yes 108 3.8 622 0.8

Maternal asthma
No 2658 92.6 70 560 95.0
Yes 211 7.4 3703 5.0

No. of maternal previous pregnancies
0 1201 41.9 30 859 41.6
1 995 34.7 24 627 33.2
³2 666 23.2 18 636 25.1
Missing 7 0.2 141 0.2

Gestational age, weeks
<37 198 6.9 4175 5.6
37-41 2562 89.3 66 206 89.2
³42 101 3.5 3562 4.8
Missing 8 0.3 320 0.4

Birth size
Small for gestational age 40 1.4 1704 2.3
Appropriate for gestational age 2688 93.7 70 123 94.4
Large for gestational age 132 4.6 2.098 2.9
Missing 9 0.3 338 0.5

Sex
Female 1321 46.0 36 248 48.8
Male 1548 54.0 38.015 51.2

Season of birth
Winter 667 23.2 17 767 23.9
Spring 787 27.4 19 117 25.7
Summer 736 25.7 19 284 26.0
Autumn 679 23.7 18 095 24.4

Mode of delivery
Vaginal delivery 2318 80.8 61 765 83.2
Cesarean section 545 19 12 364 16.6
Missing 6 0.2 134 0.2

Year of birth
1996-1999 1569 54.7 23 063 31.9
2000-2003 947 33.0 22 146 29.8
2004-2008 353 12.3 29 054 39.1

Child’s asthma by the age of 1 year
No 2848 99.3 73 875 99.5
Yes 21 0.7 388 0.5

Child’s asthma by the age of 2 years
No 2791 97.3 73 084 98.4
Yes 78 2.7 1179 1.6
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or age 2 years in analyses of maternal exposure, child expo-
sure during first year or during first 2 years of life, respec-
tively, until death, date of type 1 diabetes diagnosis, or the
end of follow-up, whichever occurred first. We ran both un-
adjusted and adjusted models. We considered several
maternal and child characteristics that previous research
has shown to be associated with type 1 diabetes as con-
founders in the analyses.17 Adjusted models on maternal
exposure were adjusted for maternal age, maternal smoking
during pregnancy, maternal diabetes, maternal asthma,
maternal previous deliveries, child’s year of birth, and season
of birth. Models for child exposure were adjusted for
maternal age, maternal smoking during pregnancy, maternal
diabetes, maternal asthma, maternal previous deliveries,
child’s year of birth, season of birth, mode of delivery, sex,
gestational age, and birth size.

The proportional hazards assumption for all the models
was examined by testing for interaction of Schoenfeld resid-
uals with time and visually from log(-log(survival)) plots,
and there were no clear deviations from the assumption
(Supplementary Table 1, Supplementary Figure 1, online;
available at www.jpeds.com). We investigated interactions
between background variables (child’s sex, mode of
delivery, and child’s asthma) and maternal or child’s
exposure to antibiotics (dichotomous variables) as well as
between maternal exposure (before or during pregnancy)
and child’s exposure to antibiotics by including an
interaction term to the regression model. If there was
indication of interaction (P for interaction < .1), we either
stratified the results or created a composite variable and
presented results in the categories of this variable,
depending on the nature of variables involved. For
example, a composite variable combining maternal and
child antibiotic exposure was categorized as (1) mother not
exposed to antibiotics + child not exposed to antibiotics
(reference category), (2) mother exposed, child not
exposed, (3) mother not exposed, child exposed, and (4)
both mother and child exposed.

Analyses were performed using STATA (StataCorp, Col-
lege Station, TX, version 17.0)

In Finland, informed consent or ethical review is not
required for the use of pseudonymized register data for
research purposes. However, this study was approved by
the National Data Protection Authority, the institutions
keeping the registers and the Institutional Review Board of
the Finnish Institute for Health and Welfare.

Results

The mean age of type 1 diabetes diagnosis (n = 2869) was
5.2 years � 2.9, and 25% and 75% of the children were diag-
nosed by age of 2.7 and 7.4 years, respectively. The mean age
at the end of follow-up in children without diabetes in the
reference cohort (n = 74 263) was 7.5 � 3.8 years. Character-
istics of children with and without type 1 diabetes are pre-
sented in Table I.
Prenatal and Postnatal Exposure to Antibiotics and the Risk of T
Study
Exposure to any antibiotics in the year preceding preg-
nancy or during pregnancy was not associated with the risk
of type 1 diabetes in the offspring (Table II). Of the
specific antibiotics, exposure to macrolides in the year
ype 1 Diabetes in Finnish Children: A Registry-based 3
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Table II. Maternal exposure to antibiotics before and during pregnancy and the risk of type 1 diabetes in the offspring
born between 1996 and 2008 in Finland

Exposure periods, types of antibiotic

Children with
type 1 diabetes
(n = 2869)

Children without
type 1 diabetes
(n = 74 263) Unadjusted model Adjusted model*

No. % No. % HR 95% CI HR 95% CI

One year preceding pregnancy
Any antibiotic 1037 36.1 25 902 34.9 1.06 0.98-1.14 1.04 0.96-1.12
Cephalosporins 386 13.5 9462 12.7 1.06 0.95-1.18 1.04 0.93-1.16
Broad-spectrum penicillins 266 9.3 7953 10.7 0.92 0.81-1.04 0.93 0.81-1.06
Macrolides 270 9.4 6113 8.2 1.18 1.04-1.35 1.17 1.02-1.33
Tetracyclines 236 8.2 4890 6.6 1.06 0.92-1.22 1.02 0.89-1.17
Phenoxymethylpenicillin 110 3.8 2733 3.7 1.09 0.90-1.33 1.07 0.87-1.30
Fluoroquinolones 65 2.3 1379 1.9 1.30 1.01-1.67 1.27 0.98-1.64
Sulfonamides and trimethoprim 68 2.4 1313 1.8 1.16 0.91-1.49 1.10 0.86-1.42

During pregnancy
Any antibiotic 698 24.3 18 387 24.8 0.99 0.91-1.08 0.99 0.91-1.08
Cephalosporins 304 10.6 7370 9.9 1.06 0.93-1.19 1.03 0.91-1.17
Broad-spectrum penicillins 344 12.0 9663 13.0 0.95 0.85-1.07 0.97 0.86-1.09
Macrolides 104 3.6 2259 3.0 1.10 0.90-1.34 1.05 0.86-1.29
Tetracyclines 24 0.8 422 0.6 1.21 0.80-1.83 1.18 0.78-1.80
Phenoxymethylpenicillin 44 1.5 1704 2.3 0.77 0.57-1.04 0.76 0.56-1.03
Fluoroquinolones 9 0.3 140 0.2 1.62 0.82-3.19 1.51 0.74-3.10
Sulfonamides and trimethoprim 13 0.5 154 0.2 1.96 1.11-3.47 1.91 1.07-3.41

*Adjusted for maternal age, maternal smoking during pregnancy, maternal diabetes, maternal asthma, maternal previous deliveries, child’s year of birth, and season of birth.
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preceding pregnancy was associated with an increased risk of
type 1 diabetes in the offspring (adjusted hazard ratio [HR],
1.17; 95% CI, 1.02-1.33) (Table II). In addition, exposure to
sulfonamides and trimethoprim during pregnancy was
associated with an increased risk of type 1 diabetes in the
offspring (adjusted HR, 1.91; 95% CI, 1.07-3.41) (Table II).

Exposure to antibiotics in the neonatal ward or during the
first year of life was not associated with the risk of type 1 dia-
betes (Table III). Exposure to sulfonamides and
trimethoprim during the first 2 years of life was associated
Table III. Early life exposure to antibiotics and the risk of ty
Finland

Exposure periods, types of antibiotic

Children with type
1 diabetes

Child
type

No. % No.

Neonatal ward 2869 100 74 263
Any antibiotic 105 3.7 3339

First year† 2798 100 68 182
Any antibiotic‡ 1329 47.5 32 066
Amoxicillin 1026 36.7 25 450
Macrolides 537 19.2 12 532
Cephalosporins 251 9.0 5946
Sulfonamides and trimethoprim 87 3.1 3088
Phenoxymethylpenicillin 78 2.8 1269

First 2 years§ 2426 100 68 154
Any antibiotic 1838 75.8 50 914
Amoxicillin 1551 63.9 43 688
Macrolides 1006 41.5 26 795
Cephalosporins 544 22.4 14 232
Sulfonamides and trimethoprim 212 8.7 8436
Phenoxymethylpenicillin 174 7.2 3747

*Adjusted for maternal age, maternal smoking during pregnancy, maternal diabetes, maternal asth
gestational age, birth size.
†Additionally adjusted for childhood asthma by the age of one year.
‡Sex-first-year any antibiotic exposure interaction P = .006; female [adjusted HR, 0.86; 95% CI, 0.
§Additionally adjusted for childhood asthma by the age of 2 years.

4

with a decreased risk of type 1 diabetes in the offspring
(adjusted HR, 0.84; 95% CI, 0.73-0.97) (Table III). The
number of antibiotic purchases in mothers or children was
not associated with risk of type 1 diabetes in the
offspring (Table IV).
The studied interactions and P values for interactions are

shown in Supplementary Table 2, online; available at
www.jpeds.com. Sex modified the association between
exposure to antibiotics during the first year of life and the
risk of type 1 diabetes. Exposure to antibiotics during the
pe 1 diabetes in children born between 1996 and 2008 in

ren without
1 diabetes Unadjusted model Adjusted model*

% HR 95% CI HR 95% CI

100
4.5 0.98 0.80-1.20 0.91 0.74-1.12

100
47.0 0.99 0.92-1.07 0.98 0.90-1.06
37.3 0.98 0.90-1.05 0.97 0.89-1.05
18.4 1.00 0.91-1.10 0.99 0.89-1.09
8.7 0.95 0.83-1.08 0.93 0.81-1.07
4.5 0.87 0.70-1.08 0.86 0.69-1.07
1.9 1.25 0.99-1.57 1.17 0.92-1.50

100
74.7 1.01 0.92-1.11 0.99 0.90-1.09
64.1 1.00 0.92-1.09 0.98 0.90-1.07
39.3 1.01 0.93-1.09 0.98 0.90-1.07
20.9 1.01 0.92-1.12 0.99 0.89-1.09
12.4 0.87 0.75-1.00 0.84 0.73-0.97
5.5 1.07 0.91-1.25 1.00 0.85-1.18

ma, maternal previous deliveries, child’s year of birth, season of birth, mode of delivery, sex,

76-0.97; male, adjusted HR, 1.09; 95% CI, 0.98-1.11).

Hakola et al
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Table IV. Number of antibiotic purchases among mothers before and during pregnancy, and children in first year and
2 first years of life, and the risk of type 1 diabetes in children born between 1996 and 2008 in Finland

Exposure periods, No. of purchases

Children with type
1 diabetes

Children without
type 1 diabetes Unadjusted model Adjusted model*

No. % No. % HR 95% CI HR 95% CI

Mother, 1 year preceding pregnancy 2869 100 74 263 100
0 1832 63.9 48 361 65.1 1.00 1.00
1 631 22.0 15 988 21.5 1.04 0.95-1.14 1.01 0.92-1.12
2 242 8.4 6110 8.2 1.05 0.91-1.20 1.04 0.91-1.20
³3 164 5.7 3804 5.1 1.16 0.99-1.37 1.12 0.95-1.33

Mother, during pregnancy 2869 100 74 263 100
0 2,171 75.7 55 876 75.2 1.00 1.00
1 477 16.6 12 818 17.3 0.97 0.88-1.08 0.98 0.88-1.08
2 149 5.2 3912 5.3 0.99 0.84-1.18 0.98 0.82-1.17
³3 72 2.5 1657 2.2 1.15 0.90-1.46 1.14 0.89-1.45

Child, first year 2798 100 68 182 100
0 1469 52.5 36 116 53.0 1.00 1.00
1-2 971 34.7 23 043 33.8 1.00 0.92-1.09 0.99 0.91-1.08
3-4 270 9.7 6519 9.6 1.00 0.88-1.15 0.99 0.86-1.13
5-6 63 2.3 1831 2.7 0.84 0.65-1.09 0.86 0.66-1.11
³7 25 0.9 673 1.0 0.98 0.65-1.46 0.90 0.59-1.38

Child, first 2 years 2426 100 68 154 100
0 588 24.2 17 240 24.3 1.00 1.00
1-2 820 33.8 22 728 33.4 1.01 0.90-1.12 1.01 0.90-1.12
3-4 506 20.9 13 406 19.7 1.04 0.92-1.18 1.01 0.90-1.15
5-6 246 10.1 7409 10.9 0.94 0.81-1.09 0.90 0.77-1.05
³7 266 11.0 7371 10.8 1.05 0.91-1.22 1.02 0.87-1.18

Analyses with child’s exposure adjusted for maternal age, maternal smoking during pregnancy, maternal diabetes, maternal asthma, maternal previous deliveries, child’s year of birth, season of
birth, mode of delivery, sex, gestational age, birth size, and childhood asthma.
*Analyses with maternal exposure adjusted for maternal age, maternal smoking during pregnancy, maternal diabetes, maternal asthma, maternal previous deliveries, child’s year of birth, and season
of birth.
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first year of life was associated with a decreased risk of type 1
diabetes in females (HR, 0.86; 95% CI, 0.76-0.97), but not in
males (HR, 1.09; 95% CI, 0.98-1.11; P for interaction = .006).
There was no indication of interaction for mode of delivery
and childhood asthma for the studied associations.

Maternal exposure to macrolides modified the association
between child’s macrolide exposure during the first year (P
for interaction = .097) and during first 2 years (P for interac-
tion = .070) of life and risk of type 1 diabetes
(Supplementary Table 2, online; available at www.jpeds.
com). Macrolides were not associated with risk of type 1
diabetes when either mother only or child only were
exposed, but the risk was increased if both the mother and
Table V. Combined exposure to macrolides in mothers and
offspring born between 1996 and 2008 in Finland

Exposures to macrolides

Children with
type 1 diabetes

No. %

Mother before or during pregnancy Child, first year 2798 100
No No 2019 72.2
Yes No 242 8.7
No Yes 440 15.7
Yes Yes 97 3.5

Mother before or during pregnancy Child, first 2 years 2426 100
No No 1289 53.1
Yes No 131 5.4
No Yes 842 34.7
Yes Yes 164 6.8

*Adjusted for maternal age, maternal smoking during pregnancy, maternal diabetes, maternal asth

Prenatal and Postnatal Exposure to Antibiotics and the Risk of T
Study
the child were exposed (Table V). There was an indication
of a mother-child interaction for sulfonamides and
trimethoprim exposure (P < .01) (Supplementary
Table 2,online; available at www.jpeds.com), but stratified
analysis was not possible owing to small cell size. No other
mother-child exposure interactions were observed.

Discussion

In this large, nationwide, registry-based study, prenatal and
postnatal exposure to antibiotics in general did not increase
the risk of type 1 diabetes in the offspring. However, exposure
to macrolides in the year preceding pregnancy and exposure
their offspring and the risk of type 1 diabetes in the

Children without
type 1 diabetes Unadjusted model Adjusted model*

No. % OR 95% CI OR 95% CI

68 182 100
50 105 73.5 1
5545 8.1 1.10 0.95-1.24 1.04 0.91-1.20
10 760 15.8 0.96 0.86-1.06 0.96 0.86-1.07
1772 2.6 1.30 1.05-1.60 1.29 1.04-1.60
68 154 100
37 603 55.2 1 1
3756 5.5 1.02 0.85-1.23 1.00 0.83-1.21
23 239 34.1 0.97 0.89-1.06 0.96 0.88-1.05
3556 5.2 1.26 1.06-1.48 1.22 1.03-1.45

ma, maternal previous deliveries, child’s year of birth, and season of birth.

ype 1 Diabetes in Finnish Children: A Registry-based 5
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to sulfonamides and trimethoprim during pregnancy was
associated with an increased risk of type 1 diabetes in the
offspring. In addition, sulfonamides and trimethoprim expo-
sure during the first 2 years of life was associated with a
decreased risk of type 1 diabetes.

This study does have limitations. As an observational
study, no conclusions of causality can be made. Although
we were able to include several covariates in our analyses,
we missed some key information, such as indication of anti-
biotic treatment, HLA genotype, use of probiotics, and nutri-
tion. Some uncertainty is associated with antibiotic exposure:
First, our exposure variables did not include antibiotics
administered at hospital except at neonatal ward; second,
we do not know whether purchased antibiotics were actually
used, and third, we may have missed some low-cost short-
term antibiotic purchases as purchases of <10 Euros were
not reimbursed and listed in the Drug Prescription Registry
for most of the study period (until 2006). In contrast, in
Finland antibiotics are sold in pharmacies and by prescrip-
tion only, which decreases the chances of potential misclassi-
fication. Finally, because we performedmultiple tests, but did
not adjust for multiple testing, some of the observed associ-
ations may be due to type I error.

The large and representative study sample supports gener-
alizability of the results to Finnish pediatric populations.
However, generalizability of the findings to children born
in the 2010s or later may be limited owing to potential
changes in antibiotic prescribing practices and products
available in the markets.

Our finding that exposure to any antibiotics during preg-
nancy is not associated with type 1 diabetes in the offspring is
in line with most of the previous studies.6-8,14 However, one
study found a borderline association between maternal anti-
biotics exposure during pregnancy and increased risk of
childhood diabetes.5 Our finding that sulfonamides and
trimethoprim exposure during pregnancy increases the risk
of type 1 diabetes in the offspring is novel, although a similar,
but nonsignificant association was previously observed in the
smaller Finnish registry-based study, in which the data partly
overlap with the data used in the present study.14 Some
caution is needed in interpretation of this result because
the use of sulfonamides and trimethoprim should be avoided
during pregnancy; therefore, our observation is based on only
a small number of mothers exposed during pregnancy.

Our observation that exposure to antibiotics before preg-
nancy in general was not associated with offspring risk of
type 1 diabetes is in line with the previous smaller Finnish
registry-based study.14 In the present study, exposure to mac-
rolides before pregnancy was associated with increased risk of
type 1 diabetes, while other specific antibiotics showedno asso-
ciationwith type 1 diabetes.However, when bothmother’s and
child’s exposure tomacrolides was taken into account, the risk
of type 1 diabeteswas increased only if both themother and the
child were exposed, which is in line with previous findings.14

This study did not confirm the previous Finnish observation
that exposure to phenoxymethylpenicillin and quinolones
before pregnancy increase the risk of type 1 diabetes.14
6

Our finding on overall exposure to antibiotics in child-
hood is not associated with type 1 diabetes is in line with pre-
vious studies, and the lack of association between number of
purchases and type 1 diabetes further supports the null
finding.13 However, we observed some novel inverse associa-
tions with specific antibiotics: exposure to sulfonamides and
trimethoprim during first 2 years of life and exposure to any
antibiotics during the first year of life in females was associ-
ated with a decreased risk of type 1 diabetes.
The most commonly discussed potential mechanism be-

tween the antibiotics and development of type 1 diabetes re-
lates to the antibiotic-induced changes in the gut microbiota,
which could affect the immune development and subse-
quently the risk of type 1 diabetes.21,22 Usually, antibiotic-
induced changes in the gut microbiota have been considered
harmful or disruptive to normal development. Further,
maternal antibiotic use may have longstanding effects, and
affect the child’s microbiota composition and presence of
antibiotic resistance genes.23,24 Our findings and the litera-
ture reporting antibiotic use and risk of type 1 diabetes
does not fully support this hypothesis. However, our obser-
vation on maternal and child’s joint exposure to macrolides
and increased risk of type 1 diabetes could be explained
potentially by microbiota-related mechanisms or by macro-
lides’ direct effects on islet cells.23,25,26 A potential mecha-
nism underpinning our findings on maternal exposure to
trimethoprim and sulfonamides and increased risk of type
1 diabetes is trimethoprim’s effect on the fetal folate meta-
bolism, which could contribute to impaired beta cell devel-
opment and risk of type 1 diabetes.27,28 Alternatively, this
association could be due to confounding by indication,
such as maternal urinary tract infection during pregnancy.29

We observed a sex interaction suggesting that female and
male children may have different risk of type 1 diabetes
related to exposure to antibiotics during the first year of
life. We observed no signs of effect modification by mode
of delivery on the association of child exposure to antibiotics
and the risk of type 1 diabetes, unlike 2 studies that reported
higher exposure to antibiotics related risk of type 1 diabetes
among children born by caesarean section in comparison
with children born vaginally.5,6

Prenatal and postnatal exposure to antibiotics in general
did not increase the risk of type 1 diabetes in offspring. How-
ever, the role of antibiotics may vary by timing of exposure
and type of antibiotic. This study expands understanding of
the role of antibiotics and type 1 diabetes risk in humans. n
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