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ADHD in school-age children is related to infant exposure to

systemic H1-antihistamines

To the Editor,

Attention-deficit/hyperactivity disorder (ADHD) and atopic der-
matitis (AD) are two highly prevalent diseases in childhood. Many
systemic H1-antihistamines (AH), especially 1st-generation agents
(AH1) with significant sedating potential, are frequently used to treat
AD-related pruritus and AD-related sleeping problems in infants.
There is, however, no recommendation for systemic treatment with
AH within the first year of life. In a small retrospective study of chil-
dren with AD, we recently observed a significant association of his-
tory of antihistamine use and increased risk of ADHD symptoms.2
The objective of the present study was to analyze whether AH ex-
posure within the first 2 years of life represents an independent risk
factor for the development of ADHD in children with AD. Moreover,
we aimed to investigate whether children, who are exposed to AH,
but who do not have AD, have an increased risk for ADHD diagnosis
later in childhood.

We undertook a birth cohort study based on comprehensive
administrative healthcare data provided by a large statutory health
insurance from Germany, AOK PLUS, which has also been used in
the study of allergies before.>* For the presented birth cohort study,
the study database consisted of all subjects born in the years 2005
to 2007 and followed until 2014 (ie, their 7th to 9th birthday) or end
of insurance status. Primary outcome of interest was the diagnosis
of ADHD. A child was classified as having ADHD if it received at
least two ICD-10 diagnoses (ICD-10 Code F90) within the observa-
tion period. For subgroup analyses, the population of children with
ADHD was further constrained in a second more specific definition
to those who additionally either received specific medication (meth-
ylphenidate NO6BA04 or atomoxetine NO6BA09) or behavioral
therapy (BT). The onset of the disease has been set to the first day
of the quarter when the diagnosis was first recorded. The exposures

of interest were AH prescriptions within the first 2 years of life (see

Supporting information S4 for respective ATC codes). The following
variables were considered as confounders: sex, AD with onset in the
first 2 years of life, and pediatrician to children ratio in the ZIP code
area. An individual was classified as having AD if the diagnostic code
had been documented at least twice (ICD-10 Code L20 or L30) in
outpatient care within four quarters. Children with a first diagnosis
of AD after their first 2 years of life were excluded.

Using a nonrandomized factorial design, we compared four

groups of children:

1. Control group: no diagnosis of AD up to the age of 7-9 years
depending on year of birth and no prescriptions of AH within
the first 2 years of life,

2. Prescription of AH without AD diagnosis within the first 2 years
of life,

3. AD and no prescription of AH within the first 2 years of life, and

4. Both, diagnosis of AD and prescription of AH within the first
2 years of life.

We applied time-to-event analyses with nonparametric cumula-
tive event curves and semiparametric Cox proportional hazard mod-
els stratified by antihistamine and AD status and controlled by sex
and pediatrician to children ratio.

The whole study cohort consisted of 41 484 children. Details on
the study populationare providedin Table 1. From the 41 484 children
included in the present study, a high proportion of 13.4% (n = 5540)
were exposed to AH within the first 2 years of life, 10.2% (n = 4234)
receiving 1st-generation AH (AH1) (primarily dimetindene). Children
without AD, but infant exposure to AH1, had a 35% increased risk
for ADHD (HR 1.35; 95%-Cl 1.25-1.47, P-value < .001) (Table 2). This
effect was also significant for the specific secondary case definition
(HR 1.23; 95%-Cl 1.05-1.45, P-value < .010). Compared to children

Abbreviations: AD, atopic dermatitis; ADHD, attention-deficit/hyperactivity disorder; AH, H1-antihistamines; AH1, 1st-generation H1-antihistamines; AR, allergic rhinitis; BBB,

blood-brain barrier; OTC, over-the-counter.
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TABLE 1 Baseline characteristics of
the study population with focus of 1st-
generation H1-antihistamines (AH1) Population

Male sex (Percentage)
ADHD

ADHD + Med/BT

AD (<2)

AIIergy o E& WI LEYJﬂ

Total No AH1 AH1? (<2 y of age)
41 484 37235 4249

21 630 (52.1%) 19 253 (51.7%) 2377 (55.9%)
3003 (7.3%) 2592 (7.0%) 411 (9.7%)

811 (2.0%) 715 (1.9%) 96 (2.3%)

11 330 (27.3%) 9257 (27.3%) 2073 (48.8%)

? Mainly dimetindene, 15 children that received clemastine, but without dimetindene.

TABLE 2 Results of regression
analyses with focus of 1st-generation H1-
antihistamines (AH1)

Variable

Sex (reference Girls)
No AD and No AH1
No AD and AH1
AD and No AH1
AD and AH1

Pediatrician to
children ratio within
15 km

without AD and without AH1 exposure in infancy, children with
AD and AH1 exposure in infancy had a 47% increased risk for later
ADHD (HR 1.47; 95% Cl 1.28-1.70, P-value < .001), see Table 2 and
Figure S3B. Second-generation AH such as cetirizine (n = 1.194,
2.9%) and desloratadine (n = 550, 1.3%) were less often prescribed
than AH1. See Tables S1 and S2 and Figure S3A for the effect of AH
on ADHD.

This large birth cohort study provides important new ev-
idence that early life exposure to AH, especially AH1, may be
an independent risk factor for ADHD development. This effect
may be mediated by disturbance of the REM sleep and its sec-
ondary effects on brain maturation.>¢ Especially for neonates
and infants where REM sleep is very common, reduction of REM
sleep by antihistamines that pass the BBB may increase the risk
for later ADHD development.7 This is especially critical if chil-
dren treated with antihistamines suffer from other atopic dis-
eases such as allergic rhinitis or atopic eczema as indicated by
the highest risk for ADHD in children with AD and AH1 exposure
in our cohort. The identified relationship between early anti-
histamine exposure and increased risk for ADHD development
may also be explained by a protopathic bias. Sleep disorders
and related antihistamine consumption may represent signs of
an underlying yet undiagnosed ADHD disease.®? Note that, in
23.6% of the analyzed cases, expositions to antihistamines were
unclear as none of the approved indications for antihistamines
have been documented in outpatient care. In addition, most of
the antihistamines (ie, dimetindene and cetirizine) are OTC med-

icines in Germany. Nevertheless, we assume that parents do not

ADHD with specific medication

ADHD or behavioral therapy
P-

HR with 95% ClI P-value HR with 95% CI value
2.46(2.27-2.67) <.001 4.11 (3.44-4.90) <.001
1 (reference)

1.35(1.25-1.47) <.001 1.23(1.05-1.45) .010
1.41(1.22-1.64) <.001 AN121(0:83=1852) 454
1.47 (1.28-1.70) <.001 1.21(0.91-1.62) 194
1.07 (0.99-1.15) .069 1.11 (0.96-1.27) 159

proactively buy and use antihistamines for very young children
for the first time. Despite these limitations, we conclude that
exposure to antihistamines may be an independent risk factor
for ADHD development with REM sleep disturbance being a po-
tential pathophysiological pathway. This needs to be considered
by physicians and parents when the use of AH, especially AH1
in very small children, is intended. Due to the high proportion of
children receiving antihistamines early in their life, this finding is
of high public health relevance. The use of antihistamines early
in life should be considered with caution, and parents should be

advised by the physician/pharmacy.
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Validation of the MASK-air app for assessment of allergic

rhinitis

To The Editor,
Recently, a mobile app (Allergy Diary, now MASK-air® freely avail-
able on Google Play and the Apple app store) was used to collect
data on patients with allergic rhinitis (AR),1'2 evidencing the useful-
ness of this tool for assessing patient behavior in AR. Among other
features, the app includes visual analog scale (VAS) measures for
general, nasal, ocular, and asthma symptoms and daily medication
intake.

The present prospective study aims to validate this app for the
control of AR, comparing it to a written questionnaire.

Participating patients with AR (Supplementary material S1, Table
S1, Figure S1) were randomly assigned to one of the two groups:
(1) AR patients who were invited to use the Spanish version of the
MASK-air® app at the baseline visit (app group); and (2) AR patients

who were not invited to use the app were asked to use paper-based

questionnaires. (non-App as control group). All patients included
had a reflective total nasal symptom score (rTNSS) >8 at baseline.
Patients assigned to the app group had to use the application daily
to record their symptoms; patients assigned to the non-app group
had to complete a written questionnaire with same items on days
1, 3,7, 14, 21, and 28, and a final visit one week later to deliver the
questionnaire to the researcher.

The usefulness of the app for rhinitis control was evaluated
at baseline and at the end of the study (1 month) using the RCAT
(Rhinitis Control Assessment Test) questionnaire validated in
Spanish as primary objective.3 Other AR outcomes evaluated were
treatment adherence as measured by the Morisky-Green-Levine
questionnaire,4 reflective total nasal symptom score (rTNSS), ocular
symptom score (rTOSS), the modified ARIA severity classification,s'6
a quality-of-life questionnaire (ESPRINT-15),” and daily visual analog
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