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Abstract

OBJECTIVE: To evaluate whether early folic acid or multivitamin supplementation during
pregnancy prevents diagnosis of hyperkinetic disorders (HKD), treatment for attention deficit
hyperactivity disorder (ADHD) and ADHD-like behaviors reported by parents participating in the
DNBC for children at age 7.

METHODS: HKD diagnosis and ADHD medication use data was obtained from the Danish
National Hospital, Central Psychiatric and Pharmaceutical registers. We estimated hazard ratios
(HRs) for HKD diagnosis and ADHD medication use and risk ratios (RRs) for parent reported
ADHD behavior collected with the Strength and Difficulties Questionnaire (SDQ), comparing
children whose mothers took folic acid or multivitamin supplements early in pregnancy defined as
starting peri-conceptionally (4-weeks prior to their last menstrual period (LMP)) through 8-weeks
after their LMP (-4 to 8 weeks), to children whose mothers indicated no supplement use for the
same entire period.

RESULTS: We identified 384 children (1.1%) with a hospital diagnosis for HKD and 642
children (1.8%) treated with ADHD medication. We found no association between risk of HKD
diagnosis or intake of ADHD medication and early maternal folic acid use. However, early
multivitamin use was associated with an approximately 30% reduction in risk for HKD diagnosis
(aHR: 0.70, 95% CI: 0.52-0.96) and 21% reduction in treatment with ADHD medication (aHR:
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0.79, 95% CI: 0.62-0.98). We also observed a reduced risk in parent reported ADHD behaviors
but these results were attenuated after adjustment.

CONCLUSION: Our data suggest that multivitamin use in early pregnancy may reduce risk for
HKD diagnosis and treatment for ADHD in the offspring.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD), characterized by inattention, hyperactivity,
increased impulsivity and motivational/emotional dysregulation (1), is defined as one of the
most common neurobehavioral disorders in children and has an estimated worldwide
prevalence of 4-8% (2,3). Hyperkinetic disorder is often characterized as a particularly
severe form of ADHD (4-6); however, these diagnoses are due to systems of disease
classification that use somewhat different criteria. ADHD diagnostic criteria are derived
from the American Psychiatric Association’s Diagnostic and Statistical Manual (DSM-1V,
1994) (7), whereas HKD criteria are derived from the International Classification of
Diseases (ICD-10) (8). While there is a substantial difference in the prevalence of ADHD
and HKD in clinical samples(5), studies examining the predictive validity of the two main
diagnostic schemata find large overlap in terms of important clinical characteristics (2,5,6).
The etiology of ADHD/HKD is not well understood but both environmental and genetic
factors are thought to contribute to disease onset (9,10). It has been argued that the rapid
increase in ADHD/HKD observed over the past few decades (11,12) cannot solely be
attributed to changes in diagnostic criteria (13) or parental awareness (4), necessitating a
search for preventable causes.

The neuropathology of ADHD/HKD may already be present at birth or even before, thus
exposures during pregnancy and/or infancy are of particular interest (14). Prenatal exposures
that have been associated with ADHD/HKD include maternal diabetes (15), maternal
smoking (3,16); maternal consumption of alcohol (17-19) or caffeine (20); and a modest
contribution has been attributed to maternal psychological stress in pregnancy (21,22).
Previous reports on folic acid supplementation starting a month before until two-months
after conception suggested potential benefits in terms of behavioral outcomes associated
with ADHD (23-25). Furthermore, there is growing theoretical and empirical evidence
suggesting effective treatment of ADHD with broad spectrum micronutrients (26). Given the
recent interest in research on early folic acid supplementation and neurodevelopmental
deficits, we aim to assess whether dietary folic acid and multivitamin supplementation
during a 12-week period, beginning 4-weeks prior from to the last menstrual period (LMP)
through to 8-weeks after the LMP affects the diagnosis of HKD in the off-spring in the
Danish National Birth Cohort (DNBC), treatment with ADHD medication, and/or parental
reports of a child’s ADHD-like behaviors as documented in the Strength and Difficulties
Questionnaire (SDQ) at age 7.
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The DNBC is a longitudinal population based cohort of pregnant women and their offspring
with the overarching aim to study diseases in offspring from exposures operating in early
life(27). Approximately 50% of all general practitioners in Denmark participated in the
recruitment and 60% of invited women agreed to participate. Women were eligible if they
spoke sufficient Danish and intended to carry their pregnancy to term. Women were
recruited in early pregnancy during 1996-2002, interviewed twice during pregnancy and
have been followed since (English versions of follow-up questionnaires can be found
at:http://www.bsmb.dk) (27). This study was approved by the Institutional Review Board at
the University of California, Los Angeles and the Danish Data Protection Agency.

Study Population

Supplement

HKD Diagno

The DNBC participant recruitment form was revised and distributed on April 1, 2000 to
newly allow for the ascertainment of supplement use in the 4-week preconception period.
However, some participating general practitioners continued to use the original version of
the recruitment form. Of the n=101,033 women recruited into the DNBC, n=48,184 (48%)
women were recruited after April 2000. We excluded n=3,074 (6.4%) women with
unsuccessful pregnancies, n=1,047 (2.2%) non-singleton births, n=22 (0.05%) pregnancies
where mother’s emigrated, n=2 (0.004%) mothers who died and n=14 (0.03%) unknown
birth outcomes. We also excluded n=8,966 (20.4%) women with missing values for weekly
supplement use (for n=8,388 (93.6%) of these women, the original version of the
recruitment form had been used for data collection while n=578 (6.4%) women completing
the revised form had missing values for weekly use) and n=11,935 (34.0%) women who did
not complete the 7-year follow-up. Derivation of the study sample is shown in Figure-1.

Use in Early Pregnancy

The Danish National Birth Cohort recruitment form was completed on average around 11.5
+ 3.9 weeks of gestation. Most folic acid supplements consumed by women in the cohort
contained at least 400pg of folic acid. Contents of the most commonly used multivitamin are
listed in E-Table 1. We considered women exposed if they indicated multivitamin or folic
acid use beginning 4-weeks prior to their LMP through 8-weeks after their LMP (-4 to 8
weeks); specifically if they indicated supplement use in at least 10 of the 12 weeks. Women
who indicated no supplement use for the same entire period were used as the unexposed
group. There were n=3,077 (8.8%) women who initiated supplement use after the first 8
weeks of gestation who were included in the unexposed group.

sis and treatment with ADHD Medication

Information on HKD diagnosis was obtained from the National Hospital Register and
Danish Psychiatric Central Register using ICD-10; (F90.0-F90.9) for either a primary or
secondary diagnosis category (28); 97.5% of HKD cases received a primary diagnosis and
mainly during outpatient visits (96%). The Danish Psychiatric Central Research Register
contains data on psychiatric admissions to psychiatric hospitals and wards in Denmark, the
Faroe Islands and Greenland. Since 1995, these data also include psychiatric outpatients
(29). Children suspected of having a HKD are referred by general practitioners or school
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psychologists to a child psychiatric ward, where they are evaluated by a multidisciplinary
team and assigned a final diagnosis by a child psychiatrist. All HKD cases are registered in
the Psychiatric Register once a formal diagnosis has been established, without regard for
treatment or educational provisions.

HKD diagnosis was ascertained for all children at or after their fifth birthday. If children
received diagnoses solely prior to the age of 5 (n = 26) but not afterwards, they were not
considered an HKD case owing to higher diagnostic uncertainty at younger ages.
Prescription data is available from the Danish Prescription Registry (30), which receives data
on dispensed prescriptions including drug Anatomical Therapeutic Chemical Classification
(ATC) codes and dispensing date from all pharmacies in Denmark since January 1995.
Children who had filled 2 or more prescriptions for either methylphenidate/Ritalin (ATC:
NO6BAO04), atomoxetine (ATC: NO6BAQ9), or modafinil (ATC: NO6BAQ7) were classified
as having been prescribed and taken ADHD medications.

Parent Reports of Social and Behavioral Development at Age -7

The Strength and Difficulties Questionnaire (SDQ) is a screening tool that was designed to
assess five areas of social-behavioral development that consist of emotional symptoms,
conduct problems, hyperactivity, peer relationship and pro-social behavior in children and
adolescents ages 4 to 16 years (31). The SDQ has been shown to be a reliable screening
instrument for emotional and behavioral problems in school-age children (32,33). At the 7-
year follow-up all DNBC participants were asked 25 questions to assess their child’s
ADHD-like behaviors using the standardized Strength and Difficulties Questionnaire (SDQ).
The interview was conducted after the child’s 7t birthday with either the mother or the
child’s primary caregiver and the questions ascertained behaviors observed in the previous 6
months. We followed the official recommendations for scoring the SDQ (Youth in mind
2009 http://www.sdginfo.com), and created a “total difficulties score” (range 0-40) by
summing over four subscales (emotional symptoms, conduct problems, hyperactivity, and
peer problems) that range from 0-10 each, with higher scores indicating an increasing
number of behavioral problems with the exception of the pro-social behavior subscale (range
0-10) for which higher scores indicate positive social behaviors.

Statistical Analysis

Covariate data on smoking and alcohol consumption during pregnancy, maternal pre-
pregnancy BMI, maternal mental-health status (indicated by mother’s positive self-report of
psychiatric illnesses, such as having been seen by a physician or psychologist due to
depression, anxiety, childhood psychiatric disorders, family problems/life crisis, or other
mental health problems, before or during pregnancy), and socioeconomic status was
captured in the DNBC participant interviews (27). Information on gestational age at birth
and birth weight were obtained from the Danish Medical Birth Registry (35). We used Cox
regression to estimate crude and adjusted hazard ratios for (cHR/aHR) for HKD diagnosis
and ADHD medication use. Person-time follow-up started at the child’s fifth birthday and
ended at the time of HKD diagnosis from hospital records or the date ADHD prescription
medication was dispensed (i.e., at the time of receiving the first medication if = 2
prescriptions were filled in total), death, emigration, or end of follow-up, whichever came
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first. Follow-up ended on the last date of each respective record linkage (i.e., for HKD
diagnoses on August 1, 2011, and for ADHD medications on December 31, 2011). For the
SDQ analyses, we used generalized linear models with a log-link function and a Poisson
distribution to estimate risk ratios and 95% confidence intervals for prenatal maternal folic
acid supplementation, HKD and ADHD-like behaviors — as measured with the SDQ (31).
Following the advice of Goodman we dichotomized SDQ scores using a cut-off point that
results in high specificity for ADHD-like behaviors (“total difficulties scores” = 17)
(31,32,34).

We evaluated all demographic variables in Table-1 for possible confounding but included
only those that yielded a greater than 5% difference in the final effect estimates or have been
cited as confounders in prior research. Adjusted models controlled for maternal age
(continuously); household socio-economic status (low {unskilled work, student, unemployed
>1 year, unclassified}, medium {middle grade professionals and skilled work}, high {higher
grade professional}); maternal smoking (never, ever); and alcohol consumption during
pregnancy (never, 04 glasses per week, more than 4 glasses per week), maternal pre-
pregnancy body mass index (0-<18.5, 18.5-<25, 226) birth year (2001, 2002, 2003) and
offspring sex (male, female), reference categories have been italicized. Missing values for
covariates were imputed using multiple imputation techniques (PROC MI and PROC
MIANALYZE in SAS version 9.2), which consists of generating five simulated complete
data sets and using standard analytical procedures proposed for combining the complete data
sets and generating final estimates (36).

In our study population, we observed lower paternal and maternal age among women who
reported no supplement intake compared to women reporting folic acid and multivitamin
supplementation. Zero parity, maternal pre-pregnancy BMI greater than 26, positive
maternal self-report of smoking and alcohol consumption were also associated with no
supplement use. Furthermore, women who resided in households with higher and middle-
grade professionals were more likely to report taking supplements. Women in the 7-year
cohort had similar demographic characteristics compared to all women at baseline. Among
women reporting multivitamin use, women in the 7-year cohort tended to smoke less and
come from households with higher-grade and middle-grade professionals. Among women
reporting folic acid use, women in the 7-year cohort tended to have a pre-pregnancy BMI
within a healthy range (18.5-25), and report less smoking and alcohol consumption during
their pregnancy. There were also more women in the 7-yr cohort from households with
middle-grade professionals reporting folic acid use, see Table-1.

In our study population, we found no evidence for an association between early folic acid
supplementation and risk of HKD diagnosis or prescription of ADHD medication. This lack
of association persisted even after including women into the exposed group who had
indicated folic acid supplementation for only 6 (instead of 10) weeks out of the 12 week
period. However, even after controlling for potential confounders early multivitamin use in
pregnancy was associated with an approximately 30% reduction in risk for HKD diagnosis
(@aHR: 0.70, 95% CI: 0.52 — 0.96) and 21% reduced risk for ADHD medication prescriptions
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(@aHR: 0.79, 95% CI: 0.62-0.98), potential confounders consisted of maternal age, household
socio-economic status, maternal smoking and alcohol consumption during pregnancy,
maternal pre-pregnancy body mass index, birth year and offspring sex, see Table-2 Upon
stratification by season of conception, we observed a strong reduction in risk for HKD
diagnosis in offspring of women who had conceived their children in the fall and reported
early multivitamin intake (aHR: 0.47, 95% CI: 0.26-0.84), however this finding relies on a
small sample size. We observed a reduced risk in some parent reported ADHD behaviors for
children born to women who reported both early folic acid and multivitamin use, including
conduct problems, hyperactivity, peer problems, and total SDQ difficulties. However, most
risk estimates based on the SDQ became null once confounders were included in the model
with the exception of maternal report of early folic acid intake and parent reported
hyperactivity (aRR: 0.62, 95% CI: 0.47-0.84), see Table-3. We also found folic acid intake
to be associated with emotional problems in children ascertained in the seven year follow up
(aRR: 1.46, 95% CI: 1.21-1.75), but find it likely that this finding is spurious since it’s
inconsistent with other results.

DISCUSSION

We observed a reduction in risk for receiving a HKD diagnosis and being prescribed ADHD
medication among offspring whose mothers consumed multivitamins in the —4 to 8 week
pregnancy period. We did not find support for an inverse association between early folic acid
supplementation and HKD diagnosis or ADHD medications in children except for parent
reported hyperactivity in the SDQ at age 7. We had, however, low power to examine this
association, and the estimated protective effects size is small. Previous studies have reported
increased childhood hyperactivity, peer (23), behavioral (24) and emotional problems (25) in
offspring whose mothers had low maternal folate status in pregnancy. We do not know
which single vitamin or combination of vitamins contributed most to our estimates but since
our findings suggested seasonal variation we suspect vitamin D may play a role. Recently,
higher levels of maternal plasma concentrations of 25-hydroxyvitamin D3 in pregnancy have
been shown to be associated with lower risk of ADHD symptoms in childhood (37). Though
it has also been suggested that inconsistent results from a single micronutrient could be due
to an imbalance in other nutrients, and that a combination or broader spectrum of
micronutrients is required for optimal brain function and development (26). To the best of
our knowledge this is the first study to assess the association between early maternal
multivitamin intake and report an inverse association with HKD diagnosis and prescription
use of ADHD medication.

This study has a number of strengths, first the DNBC has collected detailed data in early
pregnhancy concerning maternal health status, health behaviors, nutritional and supplement
intake as well as occupational exposures — all of which can be examined as potential
confounders. Second, the DNBC is a large cohort, which is necessary since the outcome of
interest is not very common. Third, members of the DNBC have aged beyond the age of
typical HKD diagnosis allowing us to evaluate childhood onset of these outcomes at the
present time. And fourth, the SDQ measures have previously been validated for the Danish
population and the internal reliability of the original five factor structure and its usefulness
as a screening tool to assess emotional and behavioral problems in children has been
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confirmed (38). A recent study published results for the Danish SDQ among 71,840 parent
and teacher raters of 5, 7, 10 and 12 year old children, utilizing 4 large Danish cohorts - one
of which was the DNBC - and confirming internal reliability of the five factor structure and
its usefulness as a screening tool (38). Some important limitations of the DNBC should be
acknowledged. First, the DNBC is a homogenous, predominantly Caucasian population and
does not allow for ethnicity based comparisons. Second, women in the DNBC represent a
relatively affluent and well educated group of women with full access to health care,
conditions that may differ from other populations. Third, there is significant loss of follow
up at seven years (34%) and this could affect the results we have presented on the parent
reported SDQ behaviors. Fourth, there is a possibility of residual confounding for family
history of HKD disease since we have only included maternal self reports and not sibling,
paternal or grandparent reports of mental illness.

Previously, the SDQ has been employed to evaluate the effects of maternal prenatal
smoking, drinking and acetaminophen use on children’s ADHD-like behaviors (39-42). To
the best of our knowledge, this is the first report of maternal supplement use and reported
behaviors in the SDQ. It is possible that maternal self-reports of supplement use is
associated with reporting behavioral or emotional problems in children; this may be one
explanation for the lack of association we observe between multivitamin use and problems
reported in the SDQ, and also the observed association between emotional symptoms and
supplement use. However, it is unlikely that the observed association between maternal
multivitamin use, HKD diagnosis, and ADHD medication use is influenced by diagnostic
bias since these outcomes depend on contact, evaluation and approval by a medical
professional.

In conclusion, early maternal multivitamin supplementation during —4 to 8 weeks of
gestation may reduce the risk of HKD diagnosis and prescription of ADHD medication in
offspring. However, folic acid supplementation during this same early period does not
appear to reduce risk of HKD diagnosis, ADHD medication or parental assessments of
social and behavioral problems (with the exception of hyperactivity) in this population, thus
we are unable to corroborate previous reports. There is some evidence to suggest that ADHD
can effectively be treated with broad spectrum micronutrients, it is possible that early
prevention of this disease can be prevented with prenatal use of the same treatment.
Replication of these findings and additional research that assesses individual micronutrients
may provide additional insights.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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48 184 Women enrolled after initiation of the
revised recruitment form

44 025 Singleton live births

3074 Excluded because of unsuccessful
pregnancies (miscarriage, stillbirth, induced
abortion, hydatidiform mole, ectopic
pregnancy), 1047 non-singleton births, 22
mother emigrated, 2 mother died, 14 unknown
birth outcomes

35 059 Folate and multivitamin users with

8966 Excluded Folate or multivitamin users
with no reported weeks of intake, 3077
initiated supplement use after week 8

11 916 No supplement use
7 126 Folate users

reported weeks of intake for HKD/ADHD
analysis

11 935 Respondents lost
in 7-year follow-up

20 047 Folate and multivitamin users with

Y

17 505 Multivitamin users

6444 No supplement users
4390 Folate users

reported weeks of intake for SDQ analysis

Figure 1.
Flow chart of study population selection.

A 4

10 101 Multivitamin users
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