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Abstract

Purpose Current knowledge of the effect of prenatal caffeine exposure on the child’s neurodevelopment is contradictory.
The current study aimed to study whether caffeine intake during pregnancy was associated with impaired child neurodevel-
opment up to 8 years of age.

Method A total of 64,189 full term pregnancies from the Norwegian Mother, Father and Child Cohort Study were included.
A validated food-frequency questionnaire administered at gestational week 22 was used to obtain information on maternal
caffeine intake from different sources. To assess child neurodevelopment (behaviour, temperament, motor development,
language difficulties) validated scales were used to identify difficulties within each domain at 6, 18, 36 months as well as 5
and 8 years of age. Adjusted logistic regression models and mixed linear models were used to evaluate neurodevelopmental
problems associated with maternal caffeine intake.

Results Prenatal caffeine exposure was not associated with a persistently increased risk for behaviour, temperament, motor
or language problems in children born at full-term. Results were consistent throughout all follow-ups and for different sources
of caffeine intake. There was a minor trend towards an association between consumption of caffeinated soft drinks and high
activity level, but this association was not driven by caffeine.

Conclusion Low to moderate caffeine consumption during pregnancy was not associated with any persistent adverse effects
concerning the child’s neurodevelopment up to 8 years of age. However, a few previous studies indicate an association
between high caffeine consumption and negative neurodevelopment outcomes.

Keywords MoBa - The Norwegian Mother, Father and Child Cohort Study - Maternal caffeine intake - Child
neurodevelopment

Abbreviations CCC-2 The children’s communication checklist-2

ADHD Attention deficit hyperactivity disorder CDI The child development inventory

ASQ The ages and stages questionnaire CI Confidence interval

CBCL Child behaviour checklist EAS Emotionality, activity and shyness tempera-
ment questionnaire
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ICQ The infant characteristics questionnaire
(fussy/difficult subscale)

ITSEA Infant-Toddler social and emotional
assessment

MBRN Medical birth registry of Norway

MoBa The Norwegian Mother, Father and Child
Cohort Study

OR Odds ratio

RS-DBD  Parent/teacher rating scales for disruptive
behaviour disorders

SCARED  Screen for child anxiety related disorders

SD Standard deviation

SGA Small for gestational age
SMFQ The short moods and feeling questionnaire
Background

Caffeine intake from different sources is common during
pregnancy with coffee being the most frequent caffeine
source in Scandinavian countries [1]. The Swedish National
Food Agency recommends an intake of less than 300 mg
caffeine per day during pregnancy [2], whereas the Ameri-
can College of Obstetricians and Gynaecologists advises a
maximum intake of 200 mg per day [3]. Caffeine clearance
is decreased during pregnancy [1] and metabolites pass the
placenta [4] with possible accumulation of caffeine in the
foetal brain [5]. An umbrella review from 2017 concluded
that high coffee intake during pregnancy is associated with
preterm birth, pregnancy loss and low birth weight [6].
Other studies have shown that maternal caffeine intake is
associated with foetal growth restriction and increased risk
of giving birth to a small for gestational age (SGA) baby
[7, 8]. Children born SGA have an increased risk of cardio-
vascular disease later in life [9] and SGA has been related
to impaired neurodevelopment during childhood [10, 11].
However, it is still unclear whether caffeine consumption
during pregnancy affects the child’s neurodevelopment.

Caffeine metabolites are thought to increase vasoconstric-
tion in the placenta [12], with possible negative effects on
the foetus. Prenatal caffeine intake has been shown to have
long lasting behavioural effects in rat offspring [13, 14].
The reported effect associated with prenatal caffeine intake
in rodents is likely mediated by a reduction of acetylcho-
linesterase activity in the brain [15] and by effects on adeno-
sine A receptors [16], and in the case of mice, by effects
on GABA-neurons in hippocampus [17]. Although there is
growing evidence that caffeine influences neurotransmitters
in rodents, these findings cannot be directly transferred to
humans.

Previous epidemiological studies suggest that mater-
nal caffeine intake may affect child neurodevelopment,
i.e. behaviour, motor development and language skills.
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However, previous findings are conflicting [18-24]. One
study found an association between maternal caffeine
intake and a higher risk of low IQ in 5.5-year old chil-
dren [18]. Klebanoff et al. reported a J-shaped association
between the caffeine metabolite paraxanthine and IQ at
7 years of age, but not at 4 years of age and they did not
find a consistent association pattern for maternal caffeine
intake and behavioural problems at any age [19]. A corre-
lation between maternal coffee intake and social problems
in children aged between four and nine has been reported,
but there were only 19 participants consuming coffee in
the study [24]. Other results indicate that prenatal caffeine
intake does not increase the risk of behavioural problems
in 5 to 6-year old children [22]. In line with this, Barr et al.
did not find any association between caffeine and impaired
neurobehavioral outcome in a 7-year prospective cohort
study [21].

An association between maternal caffeine intake and
inattention/over-activity in 18-months olds has been
reported, but only for caffeine from soft drinks [20]. Lin-
net et al. showed that a very high intake of coffee (more
than 10 cups/day) resulted in a three-fold increased risk
for Attention Deficit Hyperactivity Disorder (ADHD),
but the association lost significance after adjustment for
confounders [23]. Another recent study also concluded
that high coffee consumption (> eight cups per day) dur-
ing pregnancy was associated with an increased risk of
child hyperactivity-inattention disorder, however, the
finding was not consistent for tea intake and the authors
were not able to explore additional sources of caffeine
exposure such as caffeinated soft drinks. Further, genetic
aspects have been discussed as a possible confounder for
the association found between caffeine consumption and
hyperactivity [25].

Few studies have investigated motor and language
development in association with prenatal caffeine expo-
sure. Many of the previous studies have also had study
design limitations, including few participants, only one
caffeine source, follow-up at only one time point and lim-
ited data on confounders such as smoking and alcohol
intake. Since current studies are contradictory and with
important limitations, further studies are needed. The Nor-
wegian Mother, Father and Child Cohort Study, with more
than 108,000 included pregnancies, detailed information
on caffeine intake from different sources, questionnaires
on child follow-up based on validated instruments as well
as comprehensive information on lifestyle and general
health, is a unique source for investigating the association
between prenatal caffeine exposure and child neurodevel-
opment. Currently, there is no study of comparable size
with equally detailed information on exposure and covari-
ates as well as long-term follow-up that can provide simi-
larly robust data on the subject as this study.
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Aim

This study was aimed at investigating whether caffeine
intake during pregnancy is related to neurodevelopment
during childhood. The following aspects of development
were studied: fine and gross motor development, language
development, behaviour and temperament. We hypothesized
that prenatal caffeine exposure negatively affects child
neurodevelopment.

Methods
Study population

The study was based on the Norwegian Mother, Father and
Child Cohort Study (MoBa) and the Medical Birth Reg-
istry of Norway (MBRN) [26, 27]. MoBa is a prospective
population-based pregnancy cohort study conducted by the
Norwegian Institute of Public Health. Participants were
recruited from all over Norway from 1999 to 2008. The
women consented to participation in 41% of the pregnancies.
The cohort now includes 114,500 children, 95,200 mothers
and 75,200 fathers. The current study is based on version 8
of the quality-assured data files released for research in 2015
[28]. All questionnaires are available at the website of the
Norwegian Institute of Public Health [26].

Inclusion and exclusion criteria

Of 114,275 births registered in MoBa, all singleton, full-
term pregnancies with live births between week 37 +0
and 42 + 6 were included in the study. Further inclusion
criterion was registration of caffeine intake. Children born
with serious malformations were excluded. If a woman had
participated in the study with more than one pregnancy,
only the first pregnancy enrolled in MoBa was included in
the analyses to avoid repeated measurements of the same
mother. Caffeine intake was weight-adjusted; only partici-
pants with recorded weight data were thus included. Finally,
as a quality measure, only women who reported an energy
intake >4.5 megajoules (MJ) and <20 MJ were included.
After exclusions 64,189 pregnancies remained. A flow-chart
of the exclusion process is presented in Fig. 1, including the
number of children at each follow-up time point.

Exposure

Self-registered caffeine intake during the first half of preg-
nancy was used as the exposure variable. At gestational week
22, the women completed a Food Frequency Questionnaire

Birth registered in MoBa n=114 275

\Z

Singleton pregnancy n=110 301

\Z

Live born n=109 650

\NZ

Answered Questionnarievl and FFQ (incl caffeine
intake) n= 84 868

\Z

Energy intake >4.5MJ & <20 MJ
n=83 521

N

No malformation n= 79 383

\Z

First enrollment n= 68 920

\Z

Reported maternal weight n= 67 569

\Z

Fullterm pregnancy (final number of women being
exposed) n= 64 184

\Z

Children at the 18 months follow up n= 39 943

\Z

Children at the 3 year follow up n=49 190

\Z

Children at the 5 year follow-up n=23 486

\Z

Children at the 8 year follow-up n=15 819

Fig. 1 Flow chart inclusion and exclusion criteria and number of
children at each follow-up. Women were recruited to MoBa between
1999 and 2008. The MoBa FFQ for assessment of caffeine intake was
taken into use from 2002 and onwards, explaining the large propor-
tion of missing information on caffeine intake (n=24 782 (23%)) for
live born singleton deliveries
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(FFQ), in use from 2002 (explaining the gap between live
births and reported caffeine intake, Fig. 1) [29]. The MoBa
FFQ was developed specifically for assessing the intake of
food, beverages and dietary supplements during pregnancy
[30, 31]. The FFQ was validated in a subgroup of MoBa
(n=119) using a 4-day food diary as the reference, with high
concordance for coffee (r=0.80 CI 0.72-0.86). The detailed
reporting of food and beverage intakes during the first half of
the pregnancy enabled calculation of caffeine from different
sources (coffee, tea, caffeinated beverages and chocolate),
which was then summarized into total caffeine intake (mg/
day) [7]. Both total caffeine intake and caffeine from differ-
ent sources were analysed.

Caffeine intakes before pregnancy and at gestational
weeks 17 (MoBa questionnaire 1) and 30 (MoBa question-
naire 3) were reported as cups/glasses of coffee/tea and caf-
feinated soft drinks per day. Caffeine intake was adjusted
according to each participants pre-pregnancy body weight
and recalculated as every woman weighed 65 kg, which cor-
responds to the median pre-pregnancy weight in the study
population ((mg/day X 65)/(pre-pregnancy weight)). Weight
adjustment is common when examining health effects of
toxicants, including caffeine [32].

Outcome

The main outcome in this study was the child’s neurodevel-
opment at different ages (6 and 18 months as well as 3, 5 and
8 years) assessed with questionnaire data, provided by the
mothers, focusing on the child’s behaviour and temperament
and motor and language development. Key items for each
questionnaire had been selected from standardized, validated
scales widely used for assessing child neurodevelopment and
behaviour and assembled into shortened scale versions for
the MoBa cohort [33—46]. (Detailed information is available
in the Online Appendix).
Items from the following scales were used:

e Behaviour

— The infant characteristics questionnaire, fussy/dif-
ficult subscale (ICQ) [33] (6 months).

— Child behaviour checklist (CBCL) [34] (18 months,
3 and 5 years).

— Infant-Toddler social and emotional assessment
(ITSEA) [35] (3 years].

— Emotionality, activity and shyness temperament
questionnaire (EAS) [36] (18 months, 3, 5 years).

— The short moods and feeling questionnaire [37, 38]
(8 years).

— Screen for child anxiety-related disorders (SCARED)
[39] (8 years).
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— Parent/teacher rating scales for disruptive behaviours
(RS-DBD) [41] (8 years).

e Development

— The ages and stages questionnaire (ASQ) [42, 43]
(18 months, 3 and 5 years).

— The child development inventory (CDI) [44]
(5 years).

— The children’s communication checklist-2 (CCC-2)
[45, 46] (8 years).

Questionnaire data were summarized and a mean value
was calculated for each scale. Cut-offs were set at> 1.5
standard deviation (SD) above mean, (or below 1.5 SD for
sociability which is considered a positive trait). Cut-off for
activity level at 18 months was set at> 1 SD, since > 1.5 SD
would yield O cases. The number of children with a value
above mean score + 1.5 SD for the different neurodevelop-
ment outcomes are presented in Table 1.

Confounders

The following confounders were chosen prior to the analy-
ses, due to their relevance for exposure and outcome. Infor-
mation about maternal age (years) at delivery and the baby’s
sex was obtained from the Medical Birth registry. From the
first MoBa questionnaire we obtained information about
household income (both parents had income < 300,000
Norwegian crowns (NOK)/year, one of the parents had
income > 300,000 NOK, both parents had income > 300,000
NOK or missing), maternal education level (number of years
school attendance: <12, 13—16, > 17 years or missing), mari-
tal status (cohabiting or not), and smoking (daily, occasion-
ally, never). Intake of alcohol (units per week: none, <0.5
unit/w, > 0.5 unit/w), nausea during pregnancy (yes/no),
energy intake (kJ) and dietary fibre (included as a proxy of
a healthy diet) were obtained from the MoBa FFQ. Further-
more, from the first MoBa questionnaire we also obtained
maternal depression symptoms based on a short version of
the Hopkins Symptom Checklist, and information about pre-
pregnancy maternal weight and height for calculating BMI.
BMI was categorised according to the WHO classification as
underweight (< 18.5 kg/m?), normal weight (18.5-24.9 kg/
m?), overweight (25.0-29.9 kg/m?) and obese (>30.0 kg/
m?).

Ethics

The establishment and data collection in MoBa have
obtained a licence from the Norwegian Data Inspectorate
and approval from The Regional Committee for Medical
Research Ethics (S-95113, and (S5-97045). The Regional
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Committee for Medical Research Ethics has approved the
current study (2010/2683/REK sgr-gst A). Informed con-
sent has been collected from all participants.

Statistics

Caffeine intake stratified by maternal baseline character-
istics (as described under confounders) was compared
using the Kruskal-Wallis or Mann—Whitney U test as
appropriate. Baseline characteristics were also compared
between responders and non-responders at the 3 and 8-year
follow-ups. Caffeine intake was analysed continuously as
well as according to categories in order to test for possible
threshold effects: 0-22 (corresponding to the lowest quar-
tile), > 22-56 (corresponding to the second lowest quar-
tile), > 56-200, > 200-300 and > 300 mg/day (the three
latter categories based on existing recommendations).

Logistic regression models were used to calculate odds
ratios (OR) for outcome (i.e. behavioural or temperamental
problem, motor or language difficulties) and were adjusted
for confounders. Linear mixed effects models were fitted
for four of the outcomes (negative emotionality, high activ-
ity, shyness and low sociability) with repeated measure-
ments available at 18 and 36 months and 5 years. Here, we
employed continuous z-scores calculated at each measure-
ment as the outcomes. The crude model included mater-
nal caffeine intake and age at child measurement as fixed
effects, and we allowed for separate intercepts for each
subject by including subject identifier as random effect.
The adjusted models included the above-mentioned con-
founders as fixed effect. Models were fitted by restricted
maximum likelihood estimation using ‘Imer’ function
from the ‘Ime4’ R package (version 3.4.3). A similar ana-
lytical approach was not applicable to the other outcomes
since the measurements varied between the different time
points (e.g. disparities between the questionnaires).

Sensitivity analyses were performed for boys and girls
separately in order to identify potential sex-specific effects
as well as for different sources of caffeine (coffee, tea,
caffeinated soft drinks, chocolate), all mutually adjusted.
Furthermore, in order to investigate whether there is a
time period during pregnancy when the developing foetal
brain is more vulnerable to potential caffeine effects, pre-
pregnancy caffeine exposure and exposures at gestational
weeks 17 and 30 were explored in a sub-analysis using
logistic regression models.

Analyses were performed in SPSS version 23.0 and
24.0 (IBM Corp. Armonk, NY, USA) and in R (version
3.4.3) for the mixed linear models.

Results
Maternal characteristics

Most women had a low consumption of caffeine with
only 7.4% consuming > 200 mg/day and 3.5% consum-
ing > 300 mg/day. Caffeine intake was skewed to the right
and the median intake was 56 mg/day (approximately %2
cup per day) at mid-pregnancy. The total caffeine intake
differed between the various time points, with the highest
intake before pregnancy (median 172 mg/day), the lowest
in mid-pregnancy (median 56 mg/day) and then increasing
again in the last trimester (median 80 m/day) (Supplemen-
tary Table 1). Coffee was the most common caffeine source
representing 56% of the total intake (Fig. 2). Caffeine intake
was higher for women with a high education level, who were
smokers, consumed alcohol and were older (Table 2). Nau-
sea was associated with reduced caffeine intake (Table 2).
The total number of respondents decreased over the
follow-up period with a response rate of 77% (n=49 190)
at 18 months, 62% (n =39 943) at 3 years, 37% (n=23
486) at 5 years and 24% (n=15 819) at the 8-year fol-
low-up. At the 8-year follow-up, only around 60% of the
study population were eligible (i.e. the child had reached
8 years of age) when collecting the data for the analy-
ses in this study, explaining the low response rate. At
the 3-year follow-up, the non-responders had a lower

Chocolate i Tea M Soft drinks

il Coffee

Fig.2 Percentage of total caffeine intake per caffeine source
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Table 1 Number and percentage of children with a value above mean score + 1.5 SD for the different neurodevelopment outcomes at follow-up

18 months 3 years

5 years 8 years

N % N %

N % N %

Low sociabil- 4248 8.7 2362 5.9
ity

Negative emo- 3505 7.2 3486 8.8
tionality

Shyness 4887 7.1 3420 8.6

High activity* 5470 11.2 1730 43

Internalizing 3540 7.2 3255 8.2
behaviour

Externalizing 4191 8.5 2891 7.3
behaviour

Fine motor 5704 11.7 4100 10.4
Gross motor 3726 7.6 1252 3.1

Language 4706 9.6 2015 5.1
development

Motor develop-
ment
Conduct dis-
order
ADHD-related
symptoms
Oppositional
defiant
Depression
symptoms
Scared/anxiety

1529 6.5

2311 9.9

1570 6.7
2540 10.9
2103 9.1

860 3.7

1742 7.5
1314 5.6
1613 7.0 1323 7.8

201 0.3

946 6.0

1136 7.2

1342 8.5

1776 11.3

1472 9.3

*At 18 months >mean+ 1 SD

education level, lower income and a somewhat lower
reported alcohol intake and were more frequently daily
smokers. The median caffeine intake was slightly higher
for non-responders (median 59 vs. 55 mg/day) (Table 3).
At the last follow-up (8 years) there were more partici-
pants with a high education level (> 17 years) and high
income among the non-responders. Furthermore, the
non-responders were more frequently smokers, but the
caffeine intake compared to the responders was rather
similar (median 57 vs. 55 mg/day). The mean values for
child outcome and percentages of children with a mean
score > 1.5 SD at 18 months are presented in Table 4 for
responders and non-responders at the 3-year follow-up,
respectively.

Child’s behavioural and emotional outcomes

Mixed linear models, taking 3 time-points into consider-
ation (18 months, 3 and 5 years of age), showed a small
association between total caffeine intake and low sociabil-
ity, negative emotionality and high activity (beta coefficient
between 0.01 and 0.02 per 100 mg caffeine intake, 95%

@ Springer

CI 0.002-0.030) (Table 5). The correlation seen for high
activity level at 18 months to 5 years of age was weakly
related to caffeine intake from coffee (OR between 1.039
and 1.076, 95% CI 1.004-1.133), but more strongly to caf-
feine from soft drinks (OR between 1.240 and 1.443, 95%
CI 1.125-1.671) (Supplementary Table 2).

There was no consistent association between total mater-
nal caffeine intake and an increased risk of child behavioural
problems between 18 months and 5 years of age (Table 6).

Total maternal caffeine intake and caffeine intake from
different sources were not associated with a higher risk of
child conduct problems, ADHD symptoms, oppositional
defiant behaviour, depression symptoms or anxiety at 8 years
of age (Table 7).

Caffeine intake from chocolate was associated with
child fussiness at 6 months of age (OR=2.049, 95% CI
1.464-3.963) and negative emotionality at 18 months
(OR=2.745,95% CI 1.565-4.816) (Supplementary Tables 2
and 4).
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Child’s motor and language development

There was an association between caffeine intake and gross
motor impairment at age 18 months (OR=1.055 95% CI
1.016-1.095, Table 8). No such association was found at
3 and 5 years of age for total caffeine intake or caffeine from
different sources (Supplementary Table 3). At the §-year fol-
low-up, the number of participants reporting current or pre-
vious motor development problems was low (n=201) and
no risk increase was found for any of the caffeine sources.
There was no persistent association between total caffeine
intake and fine motor development between the follow-ups.

Caffeine intake was weakly associated with language dif-
ficulties at 18 months (OR =1.043, 95% CI 1.008-1.079),
but the association did not remain at 3, 5 or 8 years of age
(Table 8). Analyses of caffeine from different sources, mutu-
ally adjusted, did not show an association with language dif-
ficulties except for caffeine intake from tea at the 18-month
follow-up (OR=1.241, 95% CI 1.126-1.367, Supplementary
Table 3).

Investigation of caffeine intake according to catego-
ries showed a trend towards an increased risk of gross
motor impairment for total caffeine intake > 56-200 mg/
day (OR=1.180, 95% CI 1.078-1.293),>200-300 mg/
day (OR=1.174, 95% CI 1.016-1.357) and > 300 mg/
day (OR=1.299, 95% CI 1.063-1.588) at the 18-month
follow-up.

Sensitivity analyses
Caffeine intake at different time-points

Caffeine intake at gestational week 30 was associated with
externalizing behaviour at 18 months of age (OR =1.040,
95% CI 1.020-1.060) and depression symptoms at 8 years
of age (OR=1.044, 95% CI 1.006-1.084). Caffeine intake
at gestational week 17 was associated with gross and
fine motor difficulties at 18 months of age (OR =1.024
95% CI 1.003-1.057), respectively (OR=1.032, 95% CI
1.007-1.057). Pre-pregnancy caffeine intake was associated
with language development at the 8-year follow-up. (Sup-
plementary Tables 5 and 6).

Soft drinks

To explore whether the association between caffeinated
soft drinks and activity level was related to the caffeine
component, analyses were performed for non-caffeinated
and caffeinated soft drinks separately. The analyses did
not reveal a difference between caffeinated and non-caf-
feinated soft drinks. In an unadjusted model, the OR for
high activity level was 1.011-1.018 (95% CI 1.008-1.023)
for caffeinated soft drinks and 1.009-1.017 (95% CI

Table 4 Mean (SD) value for child outcomes at 18 months and percentages (%) of children above the cut-off value for responders and non-responders at the 3-year follow-up

Non-responders at the 3-year follow-up

Responders at the 3-year follow-up

% of children with value > mean+ 1.5

SD

% of children with value > mean+ 1.5 Mean (SD)

SD

Mean (SD)

18 months

8.4%
6.7%
9.7%
11.0%

3.96 (0.56)
2.74 (0.76)
2.03 (0.64)
4.04 (0.64)
1.26 (0.25)
1.49 (0.31)

8.8%
7.3%
10.1%
11.3%
6.7%
8.4%
11.8%
7.8%
9.7%

3.96 (0.56)
2.73 (0.76)
2.04 (0.64)
4.03 (0.65)

Low sociability (EAS)

Negative emotionality (EAS)

Shyness (EAS)
High activity (EAS)

8.2%
8.9%
11.4%

1.25 (0.24)
1.49 (0.30)
1.13 (0.27)
1.10 (0.28)
1.40 (0.50)

Internalizing behaviour (CBCL)
Externalizing behaviour (CBCL)

Fine motor (ASQ)
Gross motor (ASQ)

1.13 (0.27)
1.10 (0.28)
1.39 (0.50)

7.1%
9.5%

Language development (ASQ)

SD standard deviation
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Table 5 Linear mixed effects
model for child temperament
outcomes at different ages
between 18 months and 5 years
of age according to total
caffeine intake

Table 6 Adjusted odds ratios
for child behavior outcomes

at different ages between

18 months and 5 years of age
according to total maternal
caffeine intake and category of
caffeine intake

1.003-1.027) for non-caffeinated soft drinks (Supplemen-

Negative emotion-  High Activity Shyness Low Sociability
ality
Beta 95% CI Beta 95% CI Beta 95% C1 Beta 95% CI

Crude model 0.013 0.005, 0.021 0.020 0.012,0.028 —0.011 -0.019, —0.003 0.010 0.002, 0.017
Full model ~ 0.010 0.002, 0.019 0.022 0.013,0.030 -0.008 —0.016,0.001  0.020 0.012, 0.028

Beta and 95% CI for negative emotionality, high activity, shyness and low sociability using linear mixed
effects models according to total maternal caffeine (per 100 mg increased intake). Number of measure-
ments and sample size varied with outcome, ranging between 112,003 and 111,329, and 53,005 and
52,681, respectively

Crude model included maternal caffeine intake and child age at measurement as fixed effects. Full model
was adjusted for: maternal age, smoking, alcohol intake, marital status, baby’s gender, household income,
maternal education, dietary fiber, total energy intake, nausea, maternal mental health, all included as fixed
effects. CI confidence interval. Statistically significant results are in bold. The outcomes are based on the
EAS scales

Caffeine intake (mg/day) Internalizing Behaviour Externalizing Behaviour

18 months OR 95% CI OR 95% CI
Total caffeine intake (100 mg/day) 1.001 0.962-1.041 0.995 0.959-1.032
Caffeine intake 0-22 (n=12317) Ref Ref

Caffeine intake >22-56 (n=12605) 0.956 0.867-1.054 1.005 0.917-1.101
Caffeine intake > 56-200 (n=19201) 0.909 0.829-0.996 1.009 0.926-1.100
Caffeine intake >200-300 (n=3563) 0.976 0.842-1.131 1.097 0.968-1.257
Caffeine intake > 300 (n=1504) 1.017 0.828-1.250 0.921 0.755-1.123
3 years OR 95% CI OR 95% CI
Total caffeine intake (100 mg/day) 0.976 0.934-1.019 1.030 0.987-1.075
Caffeine intake 0-22 (n=10082) Ref Ref

Caffeine intake >22-56 (n=10275) 1.012 0.913-1.120 0.991 0.889-1.105
Caffeine intake > 56-200 (n=15550) 1.003 0.911-1.105 0.975 0.880-1.081
Caffeine intake >200-300 (n=2833) 0.932 0.792-1.097 1.059 0.898-1.248
Caffeine intake > 300 (n=1203) 0.977 0.778-1.228 1.166 0.934-1.455
5 years OR 95% CI OR 95% CI
Total caffeine intake (100 mg/day) 0.962 0.910-1.018 1.007 0.956-1.061
Caffeine intake 0-22 (n=5716) Ref Ref

Caffeine intake >22-56 (n=6135) 0.854 0.751-0.971 0.869 0.766-0.985
Caffeine intake > 56-200 (n=9280) 0.898 0.797-1.012 0.870 0.774-0.979
Caffeine intake >200-300 (n=1706) 0.837 0.685-1.022 0.917 0.758-1.110
Caffeine intake > 300 (n=649) 0.833 0.616-1.127 1.033 0.789-1.352

Odds ratio for behavior outcomes during childhood at different ages according to total caffeine (per
100 mg increased intake) and different categories of caffeine intake. Caffeine category 1: 0-22 (refer-
ence), 2:>22-56, 3:>56-200, 4:>200-300, 5:>300 mg/day. Adjusted for: maternal age, smoking, alco-
hol intake, marital status, baby’s gender, household income, maternal education, dietary fiber, total energy
intake, nausea, maternal mental health. OR odds ratio, CI confidence interval. OR (CI) from logistic regres-
sion. Statistically significant results are in bold. The outcomes are based on the CBCL scale

Sex-specific analyses

tary Table 7). Smokers and participants with low educa-

tion level consumed soft drinks more frequently.

@ Springer

Sex-specific analyses revealed that the observed tendency
towards high activity was more consistent throughout the
years for girls (all time-points) compared to boys (only
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Q A el x g g at 5 years). No other significant differences were found
5 fl :I :| :ll 1: Z i (data not shown).

.2 o 5

E 3 Z % Discussion

B n cwe ol 850 2

Uﬁ; & g\- E § § § 5 E % é‘ In this study, a potential association between caffeine
g = §°§ intake during pregnancy and the child’s neurodevelop-
g 50"5» 2 ment at different ages was explored. The results indicate
- E § § E \% § ‘3 2 that low to moderate caffeine exposure during pregnancy
E 5 o E :Ir :Ir Y § % § is not associated with any consistent adverse effect on the
“; E gl I 2 g § i E % f,% child’s neurodevelopment between 6 months and 8 years
g % N ° 2E E of age for children born at term.
Bl % &2 The use of mixed linear model was possible for the
—§ % ~ % w lg: § g = é % g emotionality outcomes and showed an association between
§ RlIof—-xcS oS — = é ;: E total caffeine intake and high activity, low sociability and
é g -§ = negative emotionality. However, the effect sizes were
é = S o g 3% very small with corresponding beta coefﬁgien}s between
Sz |~ ? :I gl' :ll ? 2 :E: © 0.01 and 0.02 per 100 mg increase in caffelne intake. The
§ % § § § E E x| 88 TE analyses allowed the use of all data available regarding
g ;; N = SECEEE g - the child’s emotionality, by including all time points and
§ é %‘ E‘D 2’2 yielded a high number of cases. The very small effect of
=13 n o~ o | 5 § 2 caffeine can hardly be considered to be of clinical rel-
% o& & § E § E § oi % é E evance but merely a statistical association due to a high
E{) g g 5 number of included observations [47]. Unfortunately,
kS © o - = < g § g similar analyses were not possible for the other.outcom.es
S 3 288 §| »zE due to the discrepancies between the questionnaires at dif-
gﬁ 2 5@ % ; % g % g ?% ferent time points. o
5| 2 2 i - _5\ g The tendency towards. an ass.oc.latlon between pren.atal
£ E & Eo £ caffeine exposure and high activity seemed .to be driven
;% 5 528 mainly by soft drink consumption. Investigations separat-
g |E |« d % g £ gd % N ; 2 ing non-caffeinated and caffeinated soft drinks yielded the
é IO S S = = ~FE § same results, indicating that it is not the caffeine compo-
5_3 § § g a nent in soft drinks that causes the association. Our findings
g § § g % g é §' g a are in line with preV10us.data. A preYlous study fI‘OIl’.l the
£ . = = ; = 2 E A E % MoBa concluded that a high pregatal intake of spft drinks,
§ 5| § § S % @ o ; g g but not total caffeine exposure, increased the risk of cer-
"c% é N = SECEEE g gl E g ebral palsy (HR 1.9, 95% CI 1.2-3.1) [48]. Another study
g g ; 2 g % from the MoBa cohort showed an E}SSOCIatl.OH between.cgf—
E —§ 5 SQn el E Q é 8 feine intake during pregnancy and 11.1attent10n/ove?r—act1v1ty
5818|222 ¢ e ne symptoms, but only related to caffeinated soft drinks [20].
5 é g' g E This further supports our hypothesis that the association
= _ g A %‘: £ found for soft drinks in the current study was not caused
E ~ &29% i% § g by caffeine per se.
“3 3 ) § % n s g g é 3 Caffeine from chocolate was associated with fussiness
% ED S g’ f 3 % ;% and negative emotionality at 6 and 18 months, respec.ti'vely.
2 S 2 e 87 = < ig = These findings are probably due to residual non-nutritional
3 gad bS8 % d g £ confounding or to some other substance in chocolate, since
B é ?L ({3 Z\ (Z\) Z § - % &2 they did not follow a clear pattern at the different follow-ups,
é £ SEEEE|EF é ° nor were there similar associations concerning other caffeine
< Efﬂ:; E E E E E % %Dl; ﬁ sources. The effect size seems rather large, but one should
P % = é E E E 'é _5 ; E % bear in mind that due to the relatively low content of caffeine
Bl 1838388138 ¢x=
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Table 8 Adjusted odds ratios
for child language and motor
difficulties at different ages

between 18 months and 8 years
of age according to total
maternal caffeine intake and
category of caffeine intake

Caffeine intake (mg/day) Gross motor Fine motor Language
18 months OR  95%CI OR  95%CI OR 95% CI
Total caffeine intake (100 mg/day)  1.055 1.016-1.095 0.990 0.958-1.022 1.043 1.008-1.079
Caffeine intake 0-22 (n=12317) Ref Ref Ref
Caffeine intake >22-56 (n=12605) 1.058 0.958-1.168 0.945 0.873-1.022 0.978 0.894-1.070
Caffeine intake > 56-200 (n=19201) 1.180 1.078-1.293 1.006 0.935-1.083 1.102 1.015-1.197
Caffeine intake >200-300 (n=3563) 1.174 1.016-1.357 0.880 0.778-0.996 1.085 0.952-1.236
Caffeine intake > 300 (n=1504) 1.299 1.063-1.588 0.945 0.796-1.123 1.107 0.921-1.330
3 years OR  95%CI OR  95%CI OR 95% CI
Total caffeine intake (100 mg/day)  0.941 0.875-1.012 0.963 0.924-1.003 1.004 0.970-1.073
Caffeine intake 0-22 (n=10082) Ref Ref Ref
Caffeine intake >22-56 (n=10275) 1.062 0.907-1.243 0.925 0.842-1.016 0.947 0.831-1.079
Caffeine intake > 56-200 (n=15550) 0.962 0.827-1.119 0.953 0.874-1.040 1.033 0.916-1.166
Caffeine intake >200-300 (n=2833) 1.005 0.783-1.288 0.972 0.841-1.124 0.997 0.818-1.214
Caffeine intake > 300 (n=1203) 0.891 0.604-1.314 0.817 0.653-1.023 1.158 0.895-1.499
5 years OR  95%CI OR  95%CI OR 95% CI
Total caffeine intake (100 mg/day)  0.978 0.911-1.049 0.996 0.939-1.057 0.960 0.902-1.021
Caffeine intake 0-22 (n=5716) Ref Ref Ref
Caffeine intake >22-56 (n=6135)  0.953 0.813-1.118 0.897 0.776-1.037 0.848 0.733-0.981
Caffeine intake > 56-200 (n=9280) 0.953 0.821-1.107 1.005 0.879-1.149 0.901 0.787-1.030
Caffeine intake >200-300 (n=1706) 0.952 0.744-1.219 1.087 0.880-1.343 0.821 0.655-1.029
Caffeine intake > 300 (n=649) 0.988 0.679-1.439 0.763 0.543-1.073 0.888 0.644-1.224
Motor Language
8 years OR  95%CI OR 95% CI
Total caffeine intake (100 mg/day)  0.968 0.832-1.127 0.986 0.927-1.049
Caffeine intake 0-22 (n=4112) Ref Ref
Caffeine intake >22-56 (n=3959) 1.174 0.777-1.774 1.017 0.868-1.192
Caffeine intake > 56-200 (n=6025) 1.229 0.837-1.804 0.981 0.845-1.138
Caffeine intake >200-300 (n=1159) 1.048 0.567-1.937 0.754 0.581-0.977
Caffeine intake > 300 (n=564) 0.726  0.295-1.786 0.911 0.661-1.255

Odds ratio for language and motor difficulties during childhood at different ages according to total caf-
feine (per 100 mg increased intake) and different categories of caffeine intake. Caffeine categories: 0-22
(ref),>22-56,>56-200,>200-300,> 300 mg/day. Adjusted for: maternal age, smoking, alcohol intake,
marital status, baby’s gender, household income, maternal education, dietary fiber, total energy intake, nau-
sea, maternal mental health. OR odds ratio, CI confidence interval. OR (CI) from logistic regression. Statis-
tically significant results are in bold. The outcomes are based on the ASQ, CDI and CCC-2 scales

in chocolate, consumption of 100 mg of caffeine from choc-
olate requires a considerable consumption of chocolate.

Total caffeine intake was weakly related to language dif-
ficulties at 18 months, but the association disappeared at
the 3-year follow-up. When investigating different sources
of caffeine, caffeine from tea was associated with language
difficulties at 18 months but no comparable association was
found for caffeine from coffee. To our knowledge, there are
no previous studies examining the association of prenatal
caffeine exposure with language development.

At 18 months, there was an association between increas-
ing caffeine exposure and gross motor development, how-
ever, the effect size was small. Although it is possible that
the association found at 18 months could be a caffeine effect,
there were no persistent consequences for the child as there
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was no association at three, 5 or 8 years of age. A previous
study has reported a lack of association between caffeine and
motor development at 4 years of age, supporting the robust-
ness of our findings [21].

We performed sensitivity analyses to explore the effect
of caffeine intake at different time-points during pregnancy.
Caffeine intake at gestational week 30 was associated with
externalizing behaviour at 18 months and depression symp-
toms at 8§ years. These findings might be related to a specific
source of caffeine intake or might be explained by residual
confounding. With regards to the high number of statistical
analyses performed in this study, some of the small associa-
tions seen are probably due to chance. However, we cannot
fully discard the possibility that there is a true association.
There were also associations between caffeine exposure at
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week 17 and motor development at 18 months, but not at the
later time points, similar to total caffeine intake in the main
analysis. Overall, our findings do not suggest that there is
a specific period during pregnancy in which moderate caf-
feine exposure is more hazardous with regard to neurode-
velopment. However, the MoBa participants’ caffeine con-
sumption was to a large degree below current recommended
maximum, which limits the power to detect a potential effect
related to high caffeine consumption (> 300 mg/day).

Our data indicates that soft drinks consumed during preg-
nancy may have a negative effect on the child. We cannot
rule out a potential effect from other components in soft
drinks or that the association is due to confounding by other
lifestyle habits. Since a link between intake of soft drinks
and an increased risk of pre-term birth has previously been
reported [49], it might be of interest to further explore the
potential consequences for the child’s health related to other
components in soft drinks.

In our previous study, caffeine was shown to be associated
with lower birth weight and increased risk of SGA [7]. How-
ever, our results do not support the hypothesis that caffeine
has a persistent negative effect on the child’s neurodevelop-
ment. Similar results have been found for smoking where
children being born SGA related to smoking may have bet-
ter outcomes compared to those born SGA related to other
causes [50]. Nevertheless, regardless of the negative findings
in this study regarding neurocognitive outcome, others have
shown harmful association of high coffee intake with other
important outcomes, for example preterm births [6], and the
current safety guidelines during pregnancy of an intake of
200 mg/day should be kept in mind [32].

Strengths and limitations

To our knowledge, this is the most comprehensive study on
the association between prenatal caffeine exposure and neu-
rodevelopment during childhood. Observational studies are
the best option for studying associations between caffeine
exposure and these outcomes, in spite of inherent limitations
such as selection bias, confounding and loss to follow-up.
In this study, the number of participants was high but
the overall participation rate in the MoBa is low (41%)
[28]. The number of subjects lost to follow-up increased
over the study period. Nonetheless, the large number of
participants still yielded a fair number of cases. At the
3-year follow-up, the non-responders had lower education
and were more frequent smokers. However, at the last
follow-up (8 years) the non-responders generally had a
higher education level and income, but similar outcomes
were found as for the earlier time points. Median caf-
feine intake comparison between non-responders and

responders displayed a difference of 2—4 mg, which was
not considered of relevance.

As seen in Table 3, the percentages of children above
the cut-off value at 18 months are similar for responders
and non-responders at the 3-year follow-up for all out-
comes except for internalizing behaviour (6.7% vs. 8.2%).
The overall small disparities between the groups suggest
that attrition bias is not a major concern.

Caffeine intake was self-reported, which might have
resulted in under- or overestimation of caffeine intake.
However, the data collection was prospective, minimiz-
ing the risk of recall bias. Coffee intake is easier to recall
than most other food intakes and the validation study of
the FFQ reported a high degree of concurrence between
coffee intakes reported by the FFQ and the dietary refer-
ence method [31]. Likewise, the correlation between total
caffeine calculated by the two methods has been shown
to be high [7].

Different aspects of child neurodevelopment such as
behaviour, temperament, motor and language skills were
accounted for over a large age span from 6 months to
8 years. The outcomes were reported by the mother rather
than by health care professionals, which might have influ-
enced the assessment of the child’s abilities and mood.
Moreover, the reduction of some of the scales to a few
items decreased their reliability, particularly at the 6- and
18-months follow-up assessment. However, the results
were fairly robust over the time periods, which strength-
ens them. The analyses were adjusted for many confound-
ers, which were based on detailed reports, in an attempt
to minimize residual confounding.

In this study, we chose to only include full-term preg-
nancies (> week 37). The rationale for this was the nature
of the data; the questionnaires regarding developmental
outcomes are administrated strictly according to chrono-
logical age and do not take preterm birth into account.
This makes interpretation difficult in case of preterm-
born children. However, no association between caffeine
intake during pregnancy and gestational length or preterm
delivery was found in our previous study [7].

Conclusion

A few associations between caffeine intake and adverse neu-
rodevelopment outcomes were found, but none of them were
persistent throughout all ages or different sources or cut-offs
of caffeine. Thus, in summary, low to moderate maternal
caffeine intake during the first half of the pregnancy was not
associated with any consistent, long-term effects on the neu-
rodevelopment in term-born children up to 8 years of age.
There were few participants with high caffeine consumption
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(>300 mg/day) and we can thus not draw any conclusions
regarding the possible effect of high maternal caffeine intake
on child neurodevelopment. These results are of clinical
importance and based on our findings, there is no need
to restrict caffeine consumption during pregnancy further
than the current recommendations with regard to the child’s
neurodevelopment.
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