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IMPORTANCE Infections have been associated with increased risks for mental disorders, such
as schizophrenia and depression. However, the association between all infections requiring
treatment and the wide range of mental disorders is unknown to date.

OBJECTIVE To investigate the association between all treated infections since birth and the
subsequent risk of development of any treated mental disorder during childhood and
adolescence.

DESIGN, SETTING, AND PARTICIPANTS Population-based cohort study using Danish nationwide
registers. Participants were all individuals born in Denmark between January 1, 1995, and
June 30, 2012 (N = 1 098 930). Dates of analysis were November 2017 to February 2018.

EXPOSURES All treated infections were identified in a time-varying manner from birth until
June 30, 2013, including severe infections requiring hospitalizations and less severe infection
treated with anti-infective agents in the primary care sector.

MAIN OUTCOMES AND MEASURES This study identified all mental disorders diagnosed in a
hospital setting and any redeemed prescription for psychotropic medication. Cox
proportional hazards regression was performed reporting hazard rate ratios (HRRs), including
95% CIs, adjusted for age, sex, somatic comorbidity, parental education, and parental mental
disorders.

RESULTS A total of 1 098 930 individuals (51.3% male) were followed up for 9 620 807.7
person-years until a mean (SD) age of 9.76 (4.91) years. Infections requiring hospitalizations
were associated with subsequent increased risk of having a diagnosis of any mental disorder
(n = 42 462) by an HRR of 1.84 (95% CI, 1.69-1.99) and with increased risk of redeeming a
prescription for psychotropic medication (n = 56 847) by an HRR of 1.42 (95% CI, 1.37-1.46).
Infection treated with anti-infective agents was associated with increased risk of having a
diagnosis of any mental disorder (HRR, 1.40; 95% CI, 1.29-1.51) and with increased risk of
redeeming a prescription for psychotropic medication (HRR, 1.22; 95% CI, 1.18-1.26).
Antibiotic use was associated with particularly increased risk estimates. The risk of mental
disorders after infections increased in a dose-response association and with the temporal
proximity of the last infection. In particular, schizophrenia spectrum disorders,
obsessive-compulsive disorder, personality and behavior disorders, mental retardation,
autistic spectrum disorder, attention-deficit/hyperactivity disorder, oppositional defiant
disorder and conduct disorder, and tic disorders were associated with the highest risks after
infections.

CONCLUSIONS AND RELEVANCE Although the results cannot prove causality, these findings
provide evidence for the involvement of infections and the immune system in the etiology of
a wide range of mental disorders in children and adolescents.
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P revious studies1-3 of adults have indicated that severe in-
fections are associated with an increased risk of mental
disorders. Potential mechanisms include direct influ-

ences of infections in the central nervous system, immune ac-
tivation, and inflammatory mediators,4,5 as well as alterations
in the microbiome.6 A possible role for infection and inflam-
mation in the pathogenesis of severe mental disorders is also
supported by genetic studies7-9 documenting an increased risk
associated with immune-regulatory genes.

However, prior longitudinal studies have been based largely
on infections requiring hospitalizations and thus reflect risk
associated with the most severe infections. Because most child-
hood infections are treated on an outpatient basis, the pos-
sible role of such infections as risk factors for subsequent men-
tal disorders remains an important question. Some studies5,10,11

have indicated that even less severe infections are associated
with increased risks for schizophrenia and depression, but
these studies had no lifelong information and did not assess
all treated infections. Finally, no study to date has investi-
gated the wide range of mental disorders in childhood and
adolescence.

The present study aimed to investigate the association be-
tween all types of treated infections, defined by hospital con-
tacts for infections and primary and secondary health care pre-
scriptions of all anti-infective agents, and the risk of any treated
mental disorder, defined by hospital contacts due to mental dis-
orders and primary and secondary health care prescription for
psychotropic drugs. Therefore, we expand previous findings on
schizophrenia and affective disorders1,2,12 to explore all types
and severities of infections, to include all mental disorders, and
to investigate a large study population with information on both
exposures and outcome since birth.

Methods
Study Population
We conducted a nationwide register-based cohort study within
the entire Danish population (approximately 5.5 million in-
habitants) using the Danish Civil Registration System.13 Infor-
mation on age, sex, and parents is provided for each resident
in Denmark, and the personal identification number enables
complete linkage between different registers. For the present
study, we identified all individuals born in Denmark between
January 1, 1995, and June 30, 2012. Dates of analysis were
November 2017 to February 2018. The study was approved by
the Danish Data Protection Agency and the Danish National
Board of Health and was performed using anonymized data,
necessitating no informed consent.

Assessment of Infections
Since 1977, the Danish National Patient Registry has regis-
tered all contacts to somatic hospitals,14 and we identified all
hospitalizations for infections since January 1, 1995 (eTable 1
in the Supplement). The Danish National Prescription Registry15

contains detailed information from all Danish pharmacies on
each redeemed prescription since 1995. We identified all re-
deemed prescriptions for anti-infective agents since January

1, 1995 (eTable 2 in the Supplement), subdivided according to
antibacterial, antiviral, antimycotic, and antiparasitic agents.
The most frequently used antibiotic agents within our setting
were further subdivided into broad-spectrum, moderate-
spectrum, narrow-spectrum, and topical antibiotics (eTable 3
in the Supplement).12 All infections were identified in a time-
varying manner for each individual, and individuals could have
been exposed to several different anti-infective agents.

We expected the majority to have redeemed anti-infective
agent prescriptions.12,16 Therefore, we chose a control group to
include individuals who redeemed no prescription for anti-
infective agents or who only redeemed prescriptions for peni-
cillin G (Anatomical Therapeutic Chemical [ATC] code J01CE01)
and/or antibiotics for topical use (ATC code D06A) because these
agents have minimal consequences on the gut microbiome. In-
dividuals were grouped as having redeemed 0 prescriptions
until the date of the first prescription for anti-infective agents
defined as exposure agents.

Assessment of Mental Disorders
First, we included information from the Danish Psychiatric Cen-
tral Research Register17 on all psychiatric inpatient and outpa-
tient contacts since 1995, coded according to the International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision (ICD-10) since 1994. We identified all of the
below-mentioned disorders (with ICD-10 codes) diagnosed in
an inpatient or outpatient setting before July 1, 2013. (1) The first
diagnosis of a mental disorder within F20 to F99. We did not
include organic mental disorders (F00-F09) because the pres-
ent study population was very young. Mental and behavioral
disorders due to psychoactive substance abuse (F10-F19) were
not included because an increased rate of infections before an
F10 to F19 diagnosis may reflect more infections due to drug
abuse. Furthermore, we identified the first diagnosis within the
following specific categories: (2) schizophrenia spectrum dis-
orders (F20-F29); (3) affective disorders (F30-F39); (4) neu-
rotic, stress-related, and somatoform disorders (F40-F49); (5)
behavioral syndromes associated with physiological distur-
bances and physical factors (F50-F59); (6) adult personality and
behavior disorders (F60-F69); (7) mental retardation (F70-
F79); (8) disorders of psychological development (F80-F89); and
(9) behavioral and emotional disorders with onset usually

Key Points
Question Do infections increase the risk of subsequent mental
disorders during childhood and adolescence?

Findings This nationwide register-based cohort study that
included 1 098 930 individuals born in Denmark between 1995
and 2012 found that severe infections requiring hospitalizations
increased the risk of hospital contacts due to mental disorders by
84% and the risk of psychotropic medication use by 42%. Less
severe infection treated with anti-infective agents increased the
risks by 40% and 22%, respectively; the risks differed among
specific mental disorders.

Meaning These findings may be explained by consequences of
infections on the developing brain and by other confounding
factors, such as genetics or socioeconomic factors.
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occurring in childhood and adolescence (F90-F99). Finally, we
identified the following specific diagnoses, representing those
mental disorders most often diagnosed during childhood and
adolescence18: (10) obsessive-compulsive disorder (OCD)
(F42.x), (11) eating disorder (F50.x), (12) autistic spectrum dis-
order (ASD) (F84.x, excluding F84.2-F84.4), (13) attention-
deficit/hyperactivity disorder (ADHD) (F90.x and F98.8), (14)
oppositional defiant disorder and conduct disorder (ODD/CD)
(F90.1 and F91.x), (15) attachment disorders (F94.x, excluding
F94.0), and (16) tic disorders (F95.x).

We included the first-time diagnosis when investigating
category (1) (any mental disorder). Regarding the specific
diagnoses, we were interested in the first diagnosis for each
specific diagnosis, irrespective of other previous psychiatric
diagnoses or previous psychotropic drug use.

Second, we used the Danish National Prescription Registry15

to identify the first redeemed prescription of the following
psychotropic medications redeemed before July 1, 2013 (with
ATC codes): antipsychotics (N05A), anxiolytics (N05B), antide-
pressants (N06A), ADHD medications (N06B), and drugs against
dependence (N07B).

Follow-up
We followed up all individuals from their first birthday (the ex-
posure was measured since birth, as done in a previous register-
based study18). Follow-up continued until the occurrence of
an outcome, death, emigration, or end of the study period on
June 30, 2013, whichever occurred first.

Statistical Analysis
We performed Cox proportional hazards regression analyses
using age as the underlying timescale (ie, we compared indi-
viduals of the same age) and report hazard rate ratios (HRRs),
including 95% CIs. All analyses were adjusted for age, sex,
Charlson Comorbidity Index,19 highest parental educational
level,20 and any parental mental disorder since 1969 (ICD-8
codes 290-315 and ICD-10 codes F00-F99).17 The parental
covariates were identified in a time-varying manner: a child
contributed risk time for the group with no mental disorders
until the date when 1 of the parents was diagnosed as having
a mental disorder, and from this date the child was catego-
rized as having either a father or mother with a mental disor-
der. Analyses were mutually adjusted for the other infec-
tions (eg, analyses on anti-infective agents were adjusted for
hospitalizations).

The primary analyses compared (1) individuals with
hospitalization for infection vs individuals without hospital-
ization for infection and (2) individuals with 1 or more re-
deemed anti-infective agent prescription vs individuals with
0 redeemed anti-infective agent prescriptions. In both analy-
ses, we investigated (1) the risk of hospitalization for any men-
tal disorder and (2) the risk of redeeming a prescription for any
psychotropic medication. In secondary analyses on the con-
sequences of treatment with anti-infective agents, we ap-
plied different reference groups to explore whether a poten-
tially higher risk may have been due to the small reference
group that included only individuals with 0 prescriptions. For
these additional analyses, we performed analyses using indi-

viduals with 0 to 1 prescriptions, 0 to 2 prescriptions, and 0
to 3 prescriptions as the reference groups. Finally, we ex-
plored the risk of specific mental disorders. Individuals diag-
nosed as having several mental disorders were counted as cases
in each of the specific outcome categories.

To explore whether a potential consequence of anti-
infective agents could be due to severe infections resulting in
hospitalizations, we calculated the risks for all of the above-
mentioned outcomes among individuals exposed to anti-
infective agents, applying hospitalization for infection as a
time-dependent variable. Furthermore, we explored the risk
pattern depending on (1) the number of hospitalizations and
anti-infective agents; (2) the presumed infectious agent
leading to hospitalization (ie, bacterial, viral, or other), the spe-
cific anti-infective agents (ie, antibiotics, antivirals, antimy-
cotics, or antiparasitics), and the number of redeemed pre-
scriptions for different types of anti-infectious agents; and
(3) the time to outcome since the last hospitalization or re-
deemed prescription. Moreover, we investigated the risks as-
sociated with infections during specific ages. Due to the num-
ber of analyses performed, we reduced the 2-sided significance
level by dividing by the number of performed tests to correct
for multiple testing. The Cox proportional hazards regression
assumptions were tested based on Schoenfeld residuals and
were not violated in any analysis. The Wald test was used to
assess linear associations.

Because the association between infections and mental
disorders may be due to genetic factors, we performed sibling
analyses. For this process, we excluded individuals without
siblings born during our study period and performed the
above-mentioned analyses stratified by siblings. Finally, to
use a completely untreated reference group, we performed
analyses without those individuals who only redeemed pre-
scriptions for the control antibiotics (ie, ATC codes J01CE01
and D06A).

Results
We identified 1 098 930 individuals (51.3% male; mean [SD] age
at the end of follow-up, 9.76 [4.91] years; range, 1-18 years) born
in Denmark between January 1, 1995, and June 30, 2012 (eTable
4 in the Supplement) and followed up for 9 620 807.7 person-
years (incidence rates are listed in eTable 5 in the Supple-
ment). A total of 42 462 individuals (3.9%) (66.4% male; mean
age, 9.5 years at first diagnosis) had a hospitalization for any
mental disorder, and 56 847 individuals (5.2%) (60.1% male;
mean age, 6.3 years at first prescription) redeemed a prescrip-
tion for any psychotropic medication.

Infections and the Risk of Any Treated Mental Disorder
Individuals requiring hospitalization for infection had an
increased HRR of 1.84 (95% CI, 1.69-1.99) for having a hospi-
talization for any mental disorder and an HRR of 1.42 (95% CI,
1.37-1.46) for redeeming a prescription for any psychotropic
medication (Table 1). Infection treated with anti-infective
agents was associated with HRRs of 1.40 (95% CI, 1.29-1.51) and
1.22 (95% CI, 1.18-1.26), respectively. Individuals treated for
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infections with anti-infective agents who were not hospital-
ized for infections during follow-up still had an increased risk
of being diagnosed as having a mental disorder (HRR, 1.34; 95%
CI, 1.25-1.44) and for being treated with psychotropic medi-
cation (HRR, 1.20; 95% CI, 1.16-1.24). Antibiotics were the
anti-infective agents associated with the largest risk increase
in mental disorders (Table 1), whereas antivirals and antimy-
cotics did not increase the risk estimates. The findings regard-
ing anti-infective agents were significant with all reference
groups (Table 2). Additional analyses within different age
groups (1 to 6 years, >6 to 12 years, and >12 to 18 years) sup-
ported the primary findings (eTable 5 and eTable 6 in the
Supplement). We found increased risks for mental disorder as-
sociated with treated infections within different age groups,
but no clear pattern or specifically vulnerable age group
emerged (eTable 6 in the Supplement).

The risk of mental disorders increased in a dose-response
association depending on the number of treated infections
(Table 2 and the Figure) and the number of different anti-
infective agents (eTable 7 in the Supplement), with the risks
being most elevated among those with prior hospital con-
tacts due to infections (Figure). Furthermore, the results were
associated with time since the last hospitalization for infec-
tion, with highest risks immediately after the infection and with
risks remaining increased up to 10 years after the last treated
infection (Table 3).

Infections and the Risk of Specific Mental Disorders
Table 4 summarizes the associations between treated infec-
tions and specific diagnostic categories of mental disorders.

A total of 10 537 individuals received more than 1 mental
disorder diagnosis. In particular, the risks were increased for
schizophrenia spectrum disorders, OCD, personality and
behavior disorders, mental retardation, ASD, ADHD, ODD/CD,
and tic disorders. The results for anti-infective agents were
higher among individuals with prior hospitalizations due to
infections and increased in a dose-response association.

Sensitivity Analysis
A total of 821 346 siblings were included for sibling analyses, of
whom 30 785 (3.7%) were hospitalized for any mental disorder
and 43 183 (5.3%) were treated with psychotropic medication.
Hospitalization for infection was associated with an increased
risk of hospitalization for any mental disorder (HRR, 1.21; 95%
CI, 1.16-1.27) and for treatment with psychotropic medication
(HRR, 1.17; 95% CI, 1.14-1.19) compared with siblings. Anti-
infective agents were also associated with increased risks for
hospitalization for any mental disorder (HRR, 1.16; 95% CI, 1.07-
1.26) but not for treatment with psychotropic medication (HRR,
0.97; 95% CI, 0.93-1.01). Additional analyses are presented in the
eResults in the Supplement.

Discussion
This nationwide register-based cohort study, including all in-
dividuals up to age 18 years born in Denmark between 1995
and 2012 (N = 1 098 930), represents the most detailed assess-
ment to date of the association between all treated infections
from birth to late adolescence and the subsequent risk of any

Table 1. Risk of Any Treated Mental Disorder Among Persons Born Between 1995 and 2012 in Denmark
According to Hospitalization for Infection and Anti-infective Agent Prescription

Variable

Hospitalization for Any Mental Disorder
Prescription for Any Psychotropic
Medication

Cases, No. (%) HRR (95% CI)a Cases, No. (%) HRR (95% CI)a

Total 42 462 NA 56 847 NA

Hospitalization for Infection

0 Hospitalizations for
infection [reference]

29 315 (69.0) 1 [Reference] 40 710 (71.6) 1 [Reference]

≥1 Hospitalization for
infection

13 147 (31.0) 1.84 (1.69-1.99)b 16 137 (28.4) 1.42 (1.37-1.46)b

Bacterial 3434 (8.1) 1.89 (1.73-2.06)b 4181 (7.4) 1.45 (1.40-1.51)b

Viral 4430 (10.4) 1.82 (1.67-1.98)b 5870 (10.3) 1.43 (1.39-1.49)b

Other 5629 (13.3) 1.82 (1.69-1.97)b 6344 (11.2) 1.44 (1.39-1.49)b

Infection Treated With Anti-infective Agents

0 Anti-infective agent
[reference]

702 (1.7) 1 [Reference] 4701 (8.3) 1 [Reference]

≥1 Anti-infective agent 41 760 (98.3) 1.40 (1.29-1.51)b 52 146 (91.7) 1.22 (1.18-1.26)b

Type of Anti-infective Agentc

Antibiotics 37 462 (88.2) 1.41 (1.35-1.46)b 47 145 (83.2) 1.22 (1.17-1.27)b

Broad spectrum 5650 (13.3) 1.35 (1.27-1.44)b 23 622 (41.7) 1.24 (1.19-1.29)b

Moderate spectrum 25 150 (59.2) 1.24 (1.16-1.32)b 26 150 (46.1) 1.22 (1.18-1.28)b

Narrow spectrum 31 886 (75.1) 1.24 (1.16-1.33)b 29 584 (52.2) 1.21 (1.17-1.25)b

Topical 29 496 (69.4) 1.22 (1.14-1.30)b 26 991 (47.6) 1.21 (1.16-1.26)b

Antivirals 2113 (5.0) 1.09 (0.64-1.84) 2128 (3.8) 0.95 (0.66-1.35)

Antimycotics 9743 (22.9) 1.14 (0.91-1.42) 10 062 (17.8) 1.14 (1.02-1.28)

Antiparasitic 8587 (20.2) 0.88 (0.70-1.10) 7951 (14.0) 0.88 (0.73-1.06)

Abbreviations: HRR, hazard rate
ratio; NA, not applicable.
a The analyses were adjusted for age,

sex, Charlson Comorbidity Index,
highest parental educational level,
any parental mental disorder since
1969, calendar period, and
hospitalization for infection (in the
analyses for anti-infective agents).
The significance level was set at .05
divided by 26, which equals .0019.

b Statistically significant.
c The categorization of different

types of anti-infective agents is
summarized in eTable 2 in the
Supplement. The analyses on the
different anti-infective agents are
mutually adjusted for the other
anti-infective agents.
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treated mental disorder during childhood and adolescence.
Infections requiring hospitalizations were associated with
an approximately 84% increased risk of any mental disorder
diagnosed in a hospital setting and an approximately 42%
increased risk of use of any psychotropic medication,
whereas infection treated with anti-infective agents was
associated with increased risks of 40% and 22%, respec-
tively. These risks increased in a dose-response association
with the number of infections and the temporal proximity
of the last infection and were supported by analyses that
included different reference groups and sibling analyses.
However, the risk estimates were still significant but attenu-
ated in the sibling analyses, indicating that our findings

should be interpreted in light of other important confound-
ing factors, such as genetic, familial, and socioeconomic fac-
tors. A detailed assessment showed that the risks differed
among specific mental disorders, being most elevated for
OCD, mental retardation, and tic disorders.

Infections and Mental Disorders
Prior studies have mostly investigated hospitalization for
infection1-4 (ie, severe infections) and did not have informa-
tion regarding exposure and outcomes since birth and only in-
cluded specific severe mental disorders.1-4,12 Few studies5,12

have suggested that even less severe infections treated in
the primary care sector were associated with an increased risk

Table 2. Different Reference Groups for the Association Between Infection Treated With Anti-infective Agents
and the Risk of Any Treated Mental Disorder Among Persons Born Between 1995 and 2012 in Denmark

Variable

Hospitalization for Any Mental Disorder Prescription for Any Psychotropic Medication

Cases, No. (%) HRR (95% CI)a Cases, No. (%) HRR (95% CI)a

Total 42 462 NA 56 847 NA

Reference Group 1 With 0 Anti-infective Agents

No. of anti-infective
agents

0 [Reference] 702 (1.7) 1 [Reference] 4701 (8.3) 1 [Reference]

1 2783 (6.6) 1.06 (0.97-1.16) 4063 (7.1) 1.19 (1.14-1.24)b

2 2938 (6.9) 1.14 (1.05-1.24)b 6729 (11.8) 1.13 (1.07-1.17)b

3 2777 (6.5) 1.22 (1.12-1.32)b 5463 (9.6) 1.20 (1.16-1.25)b

4 2513 (5.9) 1.30 (1.20-1.41)b 4518 (7.9) 1.22 (1.16-1.27)b

5-9 12 210 (28.8) 1.45 (1.35-1.57)b 14 814 (26.1) 1.28 (1.24-1.33)b

10-19 13 272 (31.3) 1.71 (1.59-1.84)b 12 104 (21.3) 1.49 (1.44-1.55)b

≥20 5267 (12.4) 2.04 (1.88-2.21)b 4455 (7.8) 1.73 (1.65-1.81)b

Reference Group 2 With 0-1 Anti-infective Agents

No. of anti-infective
agents

0-1 [Reference] 3485 (8.2) 1 [Reference] 8764 (15.4) 1 [Reference]

2 2938 (6.9) 1.28 (1.17-1.40)b 6729 (11.8) 1.04 (1.01-1.07)

3 2777 (6.5) 1.30 (1.18-1.43)b 5463 (9.6) 1.11 (1.07-1.15)b

4 2513 (5.9) 1.22 (1.11-1.34)b 4518 (7.9) 1.12 (1.08-1.16)b

5-9 12 210 (28.8) 1.36 (1.30-1.43)b 14 814 (26.1) 1.18 (1.15-1.21)b

10-19 13 272 (31.3) 1.61 (1.54-1.68)b 12 104 (21.3) 1.37 (1.33-1.41)b

≥20 5267 (12.4) 1.97 (1.88-2.08)b 4455 (7.8) 1.59 (1.52-1.65)b

Reference Group 3 With 0-2 Anti-infective Agents

No. of anti-infective
agents

0-2 [Reference] 6423 (15.1) 1 [Reference] 15 493 (27.3) 1 [Reference]

3 2777 (6.5) 1.07 (1.02-1.12)b 5463 (9.6) 1.09 (1.05-1.12)b

4 2513 (5.9) 1.00 (0.95-1.04) 4518 (7.9) 1.10 (1.06-1.14)b

5-9 12 210 (28.8) 1.12 (1.09-1.16)b 14 814 (26.1) 1.16 (1.13-1.18)b

10-19 13 272 (31.3) 1.33 (1.29-1.37)b 12 104 (21.3) 1.34 (1.31-1.38)b

≥20 5267 (12.4) 1.53 (1.48-1.59)b 4455 (7.8) 1.56 (1.50-1.62)b

Reference Group 4 With 0-3 Anti-infective Agents

No. of anti-infective
agents

0-3 [Reference] 9200 (21.7) 1 [Reference] 20 956 (36.9) 1 [Reference]

4 2513 (5.9) 0.98 (0.93-1.02) 4518 (7.9) 1.07 (1.04-1.11)b

5-9 12 210 (28.8) 1.10 (1.07-1.13)b 14 814 (26.1) 1.13 (1.10-1.16)b

10-19 13 272 (31.3) 1.30 (1.26-1.34)b 12 104 (21.3) 1.31 (1.28-1.34)b

≥20 5267 (12.4) 1.50 (1.45-1.56)b 4455 (7.8) 1.52 (1.46-1.57)b

Abbreviations: HRR, hazard rate
ratio; NA, not applicable.
a The analyses were adjusted for age,

sex, Charlson Comorbidity Index,
highest parental educational level,
any parental mental disorder since
1969, calendar period, and
hospitalization for infection. The
significance level was set at .05
divided by 14, which equals .0036,
for reference group 1 with 0
anti-infective agents; as .05 divided
by 12, which equals .0042, for
reference group 2 with 0 to 1
anti-infective agents; as .05 divided
by 10, which equals .0050, for
reference group 3 with 0 to 2
anti-infective agents; and as .05
divided by 8, which equals .0063,
for reference group 3 with 0 to 3
anti-infective agents.

b Statistically significant.
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of specific severe mental disorders. To our knowledge, the
present study is the first to indicate that any treated infec-
tion, including less severe infection, is associated with an in-
creased risk of a wide range of childhood and adolescent
mental disorders.

Implications for Pathogenesis
Several pathogenetic mechanisms might explain our find-
ings. First, the infection per se may influence the brain and
thus result in an increased risk of mental disorders. Several
studies have indicated that infective agents can cross the
blood-brain barrier by both active21 and passive22 transport,
suggesting that even peripheral infections may alter the
central nervous system. This possibility is supported by our
findings showing that the risks of mental disorders
increased with the amount and severity of the treated infec-
tions. Second, it has been suggested that anti-infective
agents influence the gut microbiome and result in a dis-
turbed microflora of the gut.6 These disturbances may alter
the brain (eg, via the vagus nerve22 or alterations in the
blood-brain barrier23) and hence result in an increased risk

of mental disorders. Third, genetic studies have indicated
associations between mental disorders and genes of the
immune system7 and specifically the innate immune
system.8,9 Therefore, it is possible that some of our findings
are a reflection of an increased genetic susceptibility to
infections. However, our results on siblings suggest that
infections themselves are contributing to the risk above and
beyond genetic susceptibility. Nonetheless, because our
study was population based and the sibling analyses attenu-
ated the risk estimates, other confounding factors, such as
environmental or familial factors and help-seeking behav-
ior, may at least partly explain our findings.

Strengths and Limitations
The population-based setting and well-validated nation-
wide registers strengthen our findings.13-15,17,19,23,24 The pre-
sent study is the first to date with the ability to prospectively
follow up a nationwide sample with full information since
birth regarding exposure (all types of treated infections), out-
come (any treated mental disorder), and important covariates
(age, sex, somatic comorbidity, and parental education
and mental disorders), still representing a relevant study
population for the investigated outcomes. Anti-infective
agents have been used as a proxy for infections in previous
studies investigating the risk of somatic diseases25-27 and
mental disorders.12 In addition, we performed sibling analy-
ses and applied 4 different reference groups with different
exposure degrees to anti-infective agents, all supporting our
findings.

Our study had some limitations. First, we only had fol-
low-up to a maximum of age 18 years because the Danish
National Prescription Registry has complete coverage since
1995. Hence, we were only able to investigate childhood and
adolescent mental disorders with, for example, early onset of
schizophrenia spectrum disorders and affective disorders or
of adult personality and behavior disorders. This situation may
explain why we found no significant associations with affec-
tive disorders in contrast to a previous study.2 The long-term
risk of mental illness should be interpreted with caution due
to the shorter follow-up period herein than in previous stud-
ies. Second, antibiotics are often prescribed for nonbacterial
infections (eg, viral infections28,29), with overprescription of
antibiotics being high but most prominent among adults older
than 18 years.29 Nevertheless, anti-infective agents are not
prescribed without clinical symptoms of an infection.28,29

Third, a meta-analysis28 indicated that antibiotic compliance
is low, with 62.2% completing an antibiotic treatment regi-
men. Hence, we assumed that all individuals treated with anti-
infective agents had an infection, but we could not unequivo-
cally determine what the type of infection was or whether the
observed risks were due to the infection or the possible influ-
ence of anti-infective agents. Fourth, we were unable to in-
clude mental disorders treated nonpharmacologically in the
primary care sector and infections not treated pharmacologi-
cally or treated with, for example, acetaminophen, which is
available over the counter and used for other indications. Fifth,
detection bias may have occurred at the time of the infection;
however, our findings were still significant several years after

Figure. Risk of Hospitalization for Any Mental Disorder
and Risk of Prescription for Any Psychotropic Medication
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A and B, Risk is shown for persons born between 1995 and 2012 in Denmark
with and without hospitalization for infection who redeemed anti-infective
agent prescriptions. HRR indicates hazard rate ratio. The error bars represent
95% CIs. All analyses were adjusted for age, sex, parental educational level, and
parental mental disorders.
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Table 4. Risk of Specific Mental Disorders Among Persons Born Between 1995 and 2012 in Denmark
Requiring Hospitalization for Infection or Having Infection Treated With Anti-infective Agents

Variable
Cases,
No. (%)

Hospitalization
for Infection, No.
(%)a HRR (95% CI)b

Infection Treated
With
Anti-infective
Agents, No. (%)c HRR (95% CI)b

ICD-10 Diagnosis

Any mental disorder
(F20-F99)

42 462 13 147 (31.0) 1.84 (1.69-1.99)d 41 760 (98.3) 1.42 (1.37-1.46)d

Schizophrenia
spectrum disorders
(F20-F29)

942 317 (33.7) 1.80 (1.29-2.52)d 876 (93.0) 1.14 (0.87-1.48)

Affective disorders
(F30-F39)

2298 763 (33.2) 1.37 (0.86-2.17) 2279 (99.2) 1.18 (0.75-1.87)

Anxiety disorders
(F40-F49)

8640 2863 (33.1) 2.06 (1.63-2.60)d 8558 (99.1) 1.61 (1.29-2.01)d

OCD 1583 500 (31.6) 2.74 (1.42-5.31)d 1574 (99.4) 2.38 (1.23-4.60)d

Physiological and
physical disturbances
(F50-F59)

1610 440 (27.3) 1.55 (0.88-2.73) 1596 (99.1) 1.49 (0.87-2.55)

Eating disorder 1562 424 (27.1) 1.53 (0.83-2.80) 1550 (99.2) 1.49 (0.84-2.65)

Personality and
behavior disorders
(F60-F69)

622 243 (39.1) 2.64 (1.65-4.23)d 599 (96.3) 1.87 (1.23-2.84)d

Mental retardation
(F70-F79)

2293 828 (36.1) 3.79 (2.55-5.63)d 2260 (98.6) 1.90 (1.34-2.69)d

Developmental
disorders (F80-F89)

13 791 4091 (29.7) 1.53 (1.36-1.73)d 13 463 (97.6) 1.14 (1.02-1.27)

ASD 4078 1199 (29.4) 1.54 (1.27-1.87)d 3955 (97.0) 1.11 (0.92-1.33)

Behavioral and
emotional disorders
(F90-F99)

21 489 6758 (31.4) 2.03 (1.80-2.30)d 21 174 (98.5) 1.46 (1.30-1.63)d

ADHD 14 168 4527 (32.0) 2.09 (1.78-2.46)d 14 000 (98.8) 1.56 (1.34-1.82)d

ODD/CD 2478 863 (34.8) 3.23 (2.02-5.17)d 2457 (99.2) 2.11 (1.37-3.25)d

Attachment
disorders

1838 582 (31.7) 1.54 (1.13-2.09) 1787 (97.2) 1.11 (0.83-1.49)

Tic disorders 924 277 (30.0) 3.33 (1.37-8.08)d 919 (99.5) 3.13 (1.29-7.54)d

Abbreviations: ADHD,
attention-deficit/hyperactivity
disorder; ASD, autistic spectrum
disorder; HRR, hazard rate ratio;
ICD-10, International Statistical
Classification of Diseases and Health
Related Problems, 10th Revision;
OCD, obsessive-compulsive disorder;
ODD/CD, oppositional defiant
disorder/conduct disorder.
a The reference group consisted of

individuals without hospitalization
for infection.

b The analyses were adjusted for age,
sex, Charlson Comorbidity Index,
highest parental educational level,
any parental mental disorder since
1969, hospitalization for infection
(in the analyses for anti-infective
agents), and other previous mental
disorders. The significance level was
set at .05 divided by 30, which
equals .0017.

c The reference group consisted of
individuals with no anti-infective
agent.

d Statistically significant.

Table 3. Risk of Any Treated Mental Disorder Among Persons Born Between 1995 and 2012
in Denmark According to Time Since the Last Infection

Variable

Hospitalization for Any Mental Disorder Prescription for Any Psychotropic Medication

Cases, No. (%) HRR (95% CI)a Cases, No. (%) HRR (95% CI)a

Total 42 462 NA 56 847 NA

Time Since the Last Hospitalization for Infection

0 Hospitalizations for
infection

29 315 (69.0) 1 [Reference] 40 710 (71.6) 1 [Reference]

0 to <3 mo 202 (0.5) 5.66 (4.84-6.62)b 1144 (2.0) 3.76 (3.50-4.02)b

≥3 to <6 mo 241 (0.6) 3.65 (3.15-4.22)b 1113 (2.0) 1.95 (1.85-2.03)b

≥6 to <12 mo 505 (1.2) 2.00 (1.78-2.23)b 1459 (2.6) 1.66 (1.57-1.76)b

≥1 to <2 y 1217 (2.9) 1.74 (1.60-1.91)b 1848 (3.3) 1.53 (1.47-1.60)b

≥2 to <5 y 3553 (8.4) 1.25 (1.17-1.35)b 3520 (6.2) 1.36 (1.31-1.41)b

≥5 to <10 y 4445 (10.5) 1.07 (1.01-1.16) 4399 (7.7) 1.10 (0.99-1.21)

≥10 y 2138 (5.0) 0.79 (0.73-0.86)b 2654 (4.7) 1.01 (0.96-1.06)

Time Since the Last Anti-infective Agentc

0 Anti-infective agents 702 (1.6) 1 [Reference] 4701 (8.3) 1 [Reference]

0 to <3 mo 4361 (10.3) 1.46 (1.38-1.55)b 11 917 (21.0) 1.24 (1.21-1.27)b

≥3 to <6 mo 2413 (5.7) 1.45 (1.36-1.53)b 5746 (10.1) 1.23 (1.19-1.28)b

≥6 to 12 mo 4508 (10.6) 1.37 (1.29-1.46)b 7766 (13.7) 1.24 (1.20-1.29)b

≥1 to <2 y 6761 (15.9) 1.33 (1.25-1.41)b 8256 (14.5) 1.21 (1.17-1.26)b

≥2 to <5 y 12 301 (29.0) 1.25 (1.18-1.33)b 10 893 (19.2) 1.10 (1.05-1.14)

≥5 to <10 y 6494 (15.3) 1.17 (1.09-1.26) 6089 (10.7) 1.02 (0.96-1.08)

≥10 y 841 (2.0) 0.96 (0.79-1.18) 1479 (2.6) 1.14 (0.97-1.36)

Abbreviations: HRR, hazard rate
ratio; NA, not applicable.
a The analyses were adjusted for age,

sex, Charlson Comorbidity Index,
highest parental educational level,
any parental mental disorder since
1969, calendar period, and
hospitalization for infection (in the
analyses for anti-infective agents).
The significance level was set at .05
divided by 28, which equals .0018.

b Statistically significant.
c The results on time since the last

anti-infective agent fitted a
dose-response association that was
assessed with the Wald test.
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the last treated infection, thus minimizing this limitation. Sixth,
frequent medication use may be a proxy for factors like social
deprivation, parental anxiety, and urbanicity, indicating re-
sidual confounding. Nevertheless, we adjusted for important
social factors in a time-varying manner, allowing adjustment
for changes in these factors during childhood and adoles-
cence. Adjustment for these variables is also a good indicator
of the socioeconomic status of a child, and they have been ap-
plied in previous studies1,2,12 based on Danish register data.
Sixth, sibling analysis can control for shared environmental and
genetic confounders; however, estimates might be more se-
verely biased by nonshared confounders and measurement
error.30

Conclusions

This study found associations between any treated infection and
increasedrisksofall treatedchildhoodandadolescentmentaldis-
orders, with the risks differing among specific mental disorders.
These findings might be explained by direct influences of infec-
tions, genetics, or disturbances of the microbiome; however, due
to the study design, other confounding factors need to be con-
sidered when interpreting our results. A better understanding of
the role of infections and antimicrobial therapy in the pathogen-
esis of mental disorders might lead to new methods for the pre-
vention and treatment of these devastating disorders.
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