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Abstract Attention deficit/hyperactivity disorder (ADHD),
a common behavioural disorder in children, may be
associated with comorbid physical and sleep complaints.
Dietary intervention studies have shown convincing evi-
dence of efficacy in reducing ADHD symptoms in children.
In this pilot study, we investigated the effects of an
elimination diet on physical and sleep complaints in
children with ADHD. A group of 27 children (3.8-8.5 years
old), who all met the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition criteria for ADHD, were
assigned randomly to either a diet group (15/27) or a
control group (12/27). The diet group followed a 5-week
elimination diet; the control group adhered to their normal
diet. Parents of both groups had to keep an extended diary
and had to monitor the behaviour and the physical and
sleep complaints of their child conscientiously. The primary
endpoint was the clinical response, i.e. a decrease of
physical and sleep complaints, at the end of the trial, based
on parent ratings on a Physical Complaints Questionnaire.
The number of physical and sleep complaints was signif-
icantly decreased in the diet group compared to the control

L. M. Pelsser (D<)

ADHD Research Centre,

Liviuslaan 49,

5624 JE Eindhoven, The Netherlands
e-mail: Imjpelsser@adhdresearchcentre.nl

K. Frankena

Quantitative Veterinary Epidemiology Group,
Wageningen University,

Wageningen, The Netherlands

J. K. Buitelaar - N. N. Rommelse

Radboud University Nijmegen Medical Centre and Karakter,
Child and Adolescent Psychiatry University Center Nijmegen,
Nijmegen, The Netherlands

group (p<0.001), with a reduction in the diet group of 77%
(»<0.001, effect size=2.0) and in the control group of 17%
(»p=0.08, effect size=0.2). Specific complaints that were
significantly reduced were in three domains: headaches or
bellyaches, unusual thirst or unusual perspiration, and sleep
complaints. The reduction of complaints seemed to occur
independently of the behavioural changes (p=0.1). How-
ever, the power of this comparison was low. A positive
correlation existed between the reduction of physical and
behavioural symptoms (p<0.01). The reduction did not
differ between children with or without an atopic constitu-
tion (p=0.7). An elimination diet may be an effective
instrument to reduce physical complaints in children with
ADHD, but more research is needed to determine the
effects of food on (functional) somatic symptoms in
children with and without ADHD. This trial was registered
as an International Standard Randomised Controlled Trial,
ISRCTN47247160.

Keywords ADHD - Children - Elimination diet -
Physical complaints - Sleep problems

Abbreviations
ADHD  Attention deficit’/hyperactivity disorder
OR Odds ratio

PCQ Physical Complaints Questionnaire
RCT Randomised controlled trial
Introduction

Attention deficit/hyperactivity disorder (ADHD) [1], one of
the most common behavioural disorders in childhood, with
symptoms of inattention, hyperactivity and impulsivity
[18], often coexists with other problems, like oppositional
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defiant disorder, depression, anxiety, physical complaints
(e.g. headache, eczema and diarrhoea) and sleep complaints
[9-11, 13, 14, 16, 21, 22, 27, 29, 35, 39]. The exact
aetiological pathways of ADHD are still unknown: genetic
risk factors including multiple genes (some of which are
involved in the regulation of the immune system [30]) and
environmental factors are involved.

To date, pharmacotherapy, combined with behavioural
management, is the most effective treatment of ADHD [20].
Despite initial symptom improvement during this treatment,
the follow-up study of the Multimodal Treatment Study of
children with combined-type ADHD [24] showed that these
children exhibit significant impairment in adolescence,
implicating that innovative treatment approaches are needed
[24]. Moreover, as treatment with psychostimulants like
methylphenidate, with a duration of action of between 3
and 12 h [39], neither leads to resolve the behavioural
problems in the early morning and in the evening nor
resolves the comorbid physical complaints, it is worthwhile
to investigate other treatments of ADHD and their effects
on comorbid complaints.

One of these alternative treatment methods for ADHD
may be an elimination diet. The effects of an elimination
diet on ADHD have been investigated in several controlled
studies [5, 9, 13, 22, 31, 34, 36], showing a significant
effect of a restricted elimination diet on symptoms of
ADHD and establishing that there clearly is a diet
behaviour connection [2, 6]. Considering the comorbidity
between ADHD and physical complaints (in one study, 20
out of 31 children with ADHD were reported to have at
least two physical complaints [29]), one may speculate
about a connection between food, ADHD and physical
complaints. Given that (1) an elimination diet can signif-
icantly reduce ADHD symptoms [5, 9, 13, 22, 31, 34, 36],
(2) the vast majority of children with ADHD suffers from
co-occurring physical complaints [9, 13, 22, 29], (3)
children with ADHD and extensive physical problems tend
to respond less favourably to medication [3], (4) medication
treatment does not solve the physical complaints or even
causes some of these complaints [39] and (5) that a diet can
have a positive effect on physical complaints in children
and adults without ADHD [4, 41], it is timely to study the
potentially beneficial effects an elimination diet may have
on physical and sleep complaints in children with ADHD.

In four previous studies, the effect of an elimination diet
on comorbid physical symptoms in children with ADHD
has already been investigated, resulting both in a reduction
of the behavioural as well as of the physical complaints [9,
13, 22, 29]. Most of the children participating in these
studies were diagnosed with allergy or had an atopic
constitution (being defined as having at least one parent
or sibling with an allergic disease like asthma, eczema, hay
fever or allergic rhinitis), thus limiting the extrapolation of

@ Springer

findings to children with ADHD without allergies or an
atopic constitution. Another limitation of these previous
studies is that they did not report on whether or not the
improvement of physical complaints coincided with
improvements in ADHD symptoms. It is important for
clinical health care, i.e. to predict the effects of an
elimination diet, and for scientific reasons, i.e. to increase
our knowledge about the aetiology of ADHD and physical
complaints, to investigate whether reduction in ADHD
symptoms and physical complaints go hand in hand when
applying an elimination diet.

The current study aimed to examine these issues. We
previously reported that an elimination diet had a statisti-
cally significant and clinically relevant effect on ADHD
symptoms as reported by both parents and teachers, with
effect sizes of 2.1 and 2.5, respectively [31]. The results on
the endpoints concerning physical and sleep complaints
will be presented in this paper. More specifically, we aimed
to (1) examine whether physical and sleep complaints in
children with ADHD could be diminished using an
elimination diet, (2) investigate whether the effect of an
elimination diet on physical and sleep complaints was
limited to those children who clearly showed behavioural
improvements to the elimination diet, and (3) investigate
whether the effect of an elimination diet on physical and
sleep complaints was restricted to children with an atopic
constitution.

Subjects and methods
Subjects

Participants were selected from a sample of 79 Dutch
children who were referred to the Dutch ADHD Research
Centre in Eindhoven, specialised in scientific research on
food and ADHD. Children were included if (1) they were
between 3 and 8 years old; (2) they met the criteria for
ADHD, as defined in the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition for ADHD Combined
Type or Predominantly Hyperactive-Impulsive Type [1]; (3)
their behavioural problems were present before the age of 4
or (4) they were medication naive. Children were excluded
if (1) they were diagnosed with Autism Spectrum Disorder
or with ADHD Predominantly Inattentive Type [28], (2)
they were pre- or dysmature at birth [30, 40] or (3) the
mother had been smoking during pregnancy. A total of 43
children of the 79 failed to meet the criteria, and nine
refused to participate. As a result, 27 children entered the
study between January and July 2006 and were randomly
allocated to the diet group (15) or the control group (12;
Fig. 1). Twenty-four children, 13 in the diet group and 11 in
the control group, completed the study. At the start of the
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Fig. 1 Flow diagram of subject
participation throughout the
day
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trial, there was no difference between the number of
physical complaints or the severity of ADHD symptoms
in diet group and control group (Table 1).

Protocol

The efficacy of an elimination diet on the reduction of
physical and sleep complaints in children with ADHD was
tested in this randomised controlled trial (RCT) by
comparing outcomes within diet and control group, before
and after intervention and between groups. Subjects were
randomly allocated to one of the two groups by means of a
sequence of numbered cards in sealed unmarked envelopes
that were prepared by an independent paediatrician. Each

card contained a reference to the group to which the child
would be allocated, and for each allocation, an equal
number of cards (20) were available. The envelopes were
picked and opened by the parents in the presence of the
researcher, and treatment was then dispensed in accordance
to the allocation on the card.

All children started with a 2-week baseline diet in which
they adhered to their normal diet; no foods were eliminated.
Children who were already on a diet had to cease this diet
at least 2 weeks before the start of the trial. During the
baseline diet, the parents kept an extended diary and had to
observe their child carefully, in order to assess the child's
normal diet, his/her behaviour, physical complaints, sleep
complaints and activities. There were two measurement

Table 1 Baseline characteristics of the 24 children who completed the interventions

Characteristic Diet group, N=13 Control group, N=11 Fisher exact p value (two-sided)
Boys 10/13 (76.9%) 9/11 (81.8%) >0.99
Mean age (SD) 6.3 (1.6) 6.2 (1.7) 091*
Mean number of ADHD criteria (SD) 14.4 (2.0) 13.7 (2.1) 0.44*
Comorbid ODD 12/13 (80.0%) 10/11 (83.3%) 0.60
Atopic constitution family 9/13 (69.2%) 8/11 (72.7%) 0.99
Allergy diagnosed in child 1/13 (7.7%) 2/11 (18.2%) 0.58
On dietary restriction 0/13 (0%) 1/11 (9.1%) 0.46
Mean number of physical problems (SD) 3.0 (1.4) 2.8 (2.2) 0.81%
Sleep complaints 5/13 (38.5%) 5/11 (45.5%) >0.99

N number of participants
*Student's 7 test
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points: at the end of the baseline diet and at the end of the
elimination diet (diet group) or the control period (control
group).

The diet group started, after the baseline diet and the first
assessment, with the elimination diet, which had to be
followed for a period of 5 weeks. The elimination diet was
based on a few foods diet, as described by Hill and Taylor
in their basic algorithm for treatment of ADHD [19]. The
rationale behind the few foods diet was the assumption that
children might present with ADHD symptoms after eating
any kind of foods. Therefore, the diet consisted only of a
limited number of hypoallergenic foods, like rice, turkey,
lamb, a range of vegetables (lettuce, carrots, cauliflower,
cabbage and beet), pears and water. All other foods were
prohibited, but vegetables, fruits, rice and meat were
allowed every day, in normal doses. Calcium was supplied
daily via non-dairy rice drink with added calcium; children
were not at risk for nutrient deficiencies. This few foods
diet was complemented with specific foods like potatoes,
fruits, corn and wheat, to be eaten on days and in doses
stated in advance according to a compulsory intake
schedule [9, 29, 31]. As a result of this strategy, an
elimination diet as comprehensive as possible could be
composed for each individual child, thus making the
intervention less incriminating for child and parents. If
there was no improvement by the end of the second week,
the diet was restricted and gradually limited to the few
foods diet [9, 29, 31]. The second measurement point
occurred at the end of the elimination diet.

The control group continued, after the first assessment,
their baseline diet, i.e. their normal diet in which no foods
were excluded, for a period of 5 weeks. Unfortunately,
in dietary studies using a very restricted diet, it is not
possible to create a reliable placebo diet, thus impeding a
placebo-controlled trial. Therefore, this study is an RCT,
which is often used in studies when no placebo is
available, such as studies into the effects of cognitive
behaviour therapy, eczema or other medical intervention
trials [32, 37, 38, 41, 43, 45]. As it is conceivable that the
child's behaviour and somatic complaints might improve
because of the special attention which parents have to give
to their child in order to fill in the diary correctly, parents
of children in the control group also had to keep an
extended diary and had to monitor the behaviour and the
physical and sleep complaints of their child conscien-
tiously. The second measurement point was at the end of
the control period.

At the start of the trial, the parents of the control group
were informed that they could start with the elimination diet
immediately after the last assessment, if they wished so.
Parents were given verbal and written information about the
study, and written informed parental consent was obtained
before randomisation.
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Measures

Physical and sleep complaints were measured using the
Physical Complaints Questionnaire (PCQ) [28, 29]. This
questionnaire consisted of 36 questions, of which 18 items
were relevant with respect to specific physical and sleep
complaints. Items were rated on a four-point scale,
concerning the problems during the past week: problems
which occurred every day (3), several times a week (2),
once a week (1) or less than once a week (0). The
questionnaire had to be filled in by the parents twice, e.g.
before and after the elimination diet or control period. The
physical complaints concerned 16 items and were subtyped
into seven domains: (1) pain (headaches, abdominal pains
and growing pains), (2) unusual thirst or unusual perspira-
tion, (3) eczema, (4) asthma or persisting cold (rhinitis), (5)
skin problems (blotches in the face, red ears, red-edged
mouth or bags under the eyes), (6) tiredness and (7)
gastrointestinal problems (diarrhoea, constipation and flat-
ulence). Two of the 18 questions concerned sleep com-
plaints, i.e. problems with sleeping in (sleep initiation or
sleep onset) and sleeping on (sleep maintenance). A domain
was considered to be present when rated 2 (several times a
week) or 3 (every day) for at least one of the items within
that domain. A problem was considered to be absent when
the score was 0 or | for all items within that domain.

Statistical analysis

Main endpoints were the parent ratings on the PCQ at the
end of the RCT to establish the effect of the intervention on
physical and sleep complaints. Differences in averages
within groups (effect size), before and after the trial, were
tested by Student's ¢ test and expressed by Cohen's d, a
standardised measure of the effect size with an effect size of
0.2 indicative of a small effect and 0.8 of a large effect.
Differences in average number of complaints between
groups, at the end of the trial, were analysed using linear
regression, including the number of complaints at the start
of the trial as covariate.

Differences in presence/absence of complaints between
groups, at the end of the trial, were analysed using exact
logistic regression, because the endpoints were binary. PCQ
ratings at the start of the study were included as covariate.
Here, the effect of intervention was expressed in terms of
odds ratios (OR) and their p values.

After finishing the RCT, all children in the control group
(N=11) also completed the elimination diet, resulting in 24
children in total who underwent the elimination diet, i.e.
13 children from the diet group, during the RCT, and 11
children from the control group, following the RCT. The
secondary endpoints, analysed using linear and exact
logistic regression, and calculated in all 24 children who
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completed the diet, were (1) the effects of the elimination
diet on physical and sleep complaints in children who
showed ADHD symptom reduction of 50% or more after
following the elimination diet, i.e. responders, and in
children who showed less than 50% ADHD symptom
reduction, the non-responders [31] and (2) the effects of the
elimination diet on physical and sleep complaints in
children with and without an atopic constitution.

Spearman rank correlation coefficients were calculated
to study the improvement of physical complaints and
ADHD core symptoms after having followed the diet.

STATA 10 was used for all statistical analyses. Effects
were tested at p=0.05.

Results

Effect of the intervention on physical and sleep complaints
in diet group and control group

The results of the intervention on physical and sleep
complaints in both groups are shown in Table 2 and
Fig. 2. The total number of complaints in the diet group
was 44 (average, 3.4 per child) at the start of the trial and
ten complaints (average, 0.8) at the end of the trial, a
reduction of 77% (p<0.001), with a standardised effect size
(Cohen's d) of 2.0 (Table 3). In the control group, 36
complaints (average, 3.3) were reported at the start of the
trial and 30 (average, 2.7) at the end of the trial, a reduction
of 17% (p=0.08), with an effect size of 0.2.

Using linear regression and taking the initial number of
complaints into account, the difference in average number

Table 2 Effect of the interventions on physical and sleep complaints

of complaints at the end of the trial between the diet and
control group equalled 2.04 (95% confidence interval (CI)
1.14-2.94, p<0.001, residuals being normally distributed, p
value of Shapiro—Wilk test equals 0.55).

In three domains ((1) headaches or bellyaches (OR=
13.25), (2) unusual thirst or unusual perspiration (OR=
10.04) and (3) sleep complaints (OR=11.77)), the com-
plaints were significantly less reduced in the control group
than in the diet group (p<0.05).

Effect of the elimination diet on physical and sleep complaints
in children with and without ADHD symptom reduction

This effect was calculated in all 24 children who followed
the elimination diet, 13 children of the diet group and 11
children of the control group following the RCT. Of these
children, 20/24 belonged to the responders, 11/13 children
of the diet group and 9/11 children of the control group.
The responders, having to show a minimal ADHD
symptom reduction of 50%, showed an average reduction
on the ADHD rating scale of 69.4% (effect size, 2.1),
according to the parent ratings, and an ADHD symptom
reduction of 70.6% (effect size, 2.5), according to the
teacher ratings.

Before following the diet, there was an average of 3.2
physical and sleep complaints per child in the responder
group and 2.5 in the non-responder group. After the diet,
these averages were 0.9 and 1.5, respectively. In the
responder group, there was a significant reduction of
physical complaints (»<0.001); in the non-responder group,
the reduction was not significant (p=0.35), with stand-
ardised effect sizes of 1.4 and 0.8, respectively.

Diet group, N=13 Control group, N=11 Exact OR p value OR

Start trial End trial Start trial End trial

N children N children N children N children

% children % children % children % children
Headaches, abdominal pains, growing pains 9 (69%) 1 (8%) 9 (82%) 6 (54%) 13.25% 0.05
Unusual thirst, unusual perspiration 10(77%) 0 (0%) 6 (54%) 4 (27%) 10.04 0.05
Eczema 1 (8%) 0 (0%) 5 (45%) 5 (45%) 5.00 0.33
Asthma, rhinitis 2 (15%) 1 (8%) 2 (18%) 1 (9%) 1.00 0.99
Blotches in face, red ears, red-edged mouth, 2 (15%) 1 (8%) 3 (27%) 3 (27%) 1.50 0.80

bags under eyes

Tiredness 9 (69%) 4 (31%) 3 (27%) 3 (27%) 3.58 0.32
Diarrhoea, constipation, flatulence 6 (46%) 2 (15%) 3 (27%) 3 (27%) 4.66 0.24
Problems with sleeping in or sleeping on 5 (38%) 1 (8%) 5 (45%) 5 (45%) 11.77 0.05
Total number of complaints, including 44 10 36 30 16.20° 0.001

sleep complaints

#The odds of having complaints at the end of the trial is 13.25-fold higher in the control group compared to the diet group

® Based on 80 initial complaints
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Fig. 2 Physical and sleep com-

Diet grou
plaints in the diet group and the 100 g P
control group at start and at c S
endpoint. Pain: headaches, % 80 mStart] |
abdominal pains or growing g OEnd
pains. Thirst: unusual thirst or w5 60 1
unusual perspiration. Skin: 2
eczema. Asthma: asthma or g 40 1
persisting cold (rhinitis). Blotch: 8 20 4
blotches in the face, red ears, e
red-edged mouth or bags under 0 ._l
the eyes. Tired: tiredness. Pain  Thirst  Skin  Asthma Blotch  Tired  Bowel  Sleep
Bowel: diarrhoea, constipation
or flatulence. Sleep: sleeping in
or sleeping on Control group
100

c

[ m Start

£ 80

= D End

[$]

5 60 +

g

& 404

c

8

S 20

) | =

O = T T T T T T
Pain Thirst Skin Asthma  Blotch Tired Bowel Sleep

Linear regression, including the initial number of
complaints as covariate, revealed a difference in average
number of complaints between the responder and non-
responder group of 0.82 (p value 0.10, residuals normally
distributed, p value of Shapiro—Wilk test equals 0.62).

The correlation between the total number of physical and
sleep complaints and the total number of ADHD criteria on
the ADHD rating scale, before and after the diet, was
calculated using Spearman rank correlation coefficients.
Spearman's tho was 0.54 (p<0.01), indicating there was a
positive correlation between the reduction of the physical
and the behavioural symptoms.

Statistical analyses to investigate the difference in effect
of the elimination diet on the specific physical domains in
responders and non-responders could not be performed as
there were only four non-responders.

Effect of the elimination diet on physical and sleep
complaints in children with and without an atopic
constitution

This effect was calculated in all 24 children who followed
the elimination diet. An atopic constitution, i.e. having at
least one parent or sibling with allergic complaints like
asthma, eczema, hay fever or allergic rhinitis, was present
in 17/24 (70.8%) children, equally divided over the diet
group (9/13, 69.2%) and the control group (8/11, 72.7%;
Fisher's exact test, p=0.99). At the start of the trial, an
average of 3.5 complaints per child was observed in the
atopic children and an average of 2.0 per child in the non-
atopic group. After the diet, these averages were 1.2 and
0.6, respectively. In the atopic as well as in the non-atopic
children, there was a significant reduction of physical

Table 3 Average number of physical complaints, including sleep complaints, per child per intervention group at start and at endpoint

Average no. of complaints

Start End Start minus end
Difference (95% CI) Effect size® (% SR), p value
Diet group (N=13) 3.4 0.8 2.6 (1.8 to 3.4) 2.0 (77.3) p=0.001
Control group (N=11) 3.3° 2.7 0.6 (0.1 to 1.2) 0.2 (16.7) p=0.08

SR scale reduction
? Effect size start—end, Cohen's d
® Difference at start p=0.89 (Student's 7 test)
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complaints, (p values <0.001 and 0.04, respectively) with
standardised effect sizes of 1.5 and 1.1, respectively.

Although the reduction within both groups was signif-
icant, linear regression did not show a significant difference
between the atopic and non-atopic group at the end of the
diet while adjusting for the initial number of complaints
(difference equals 0.18 complaints, p=0.70, residuals
normally distributed, p value of Shapiro—Wilk test equals
0.73).

Complaint specific analyses could not be performed due
to the low number of non-atopic children (n=7).

Discussion

Physical complaints, such as headache, bellyache, tiredness,
eczema and sleep complaints, are common comorbid
problems in children with ADHD [10, 11, 16, 21, 27, 35,
39], with a prevalence of sleep complaints up to 50% [39].
In contrast to comorbid psychiatric conditions, relatively
little is known on the comorbidity of ADHD and physical
complaints. In this study, we examined whether physical
and sleep complaints in 24 children with ADHD were
improved by an elimination diet using a randomised
controlled design. We previously described that the diet
significantly reduced the ADHD symptoms in this group of
patients [31]. In the current study, in which the subjects
were not preselected for somatic symptoms, 23/24 (96%)
children had one or more physical complaints, indicating
that comorbidity between ADHD and physical complaints
is high, thus underlining the importance of studying
physical complaints in ADHD.

The results of this pilot study should be interpreted in the
light of several limitations. First, in this study, a very
restricted elimination diet was used, thus making it
impossible to compose a reliable placebo diet. Furthermore,
parents had to be aware of the intervention and had to pay
attention to what the child should eat. Therefore, we had to
choose for an open RCT. Although a blinded RCT should
be given preference to, open RCTs are commonly used and
accepted when blinding is difficult and when no placebo is
available, e.g. in studies into the effects of cognitive
behaviour therapy, eczema, obesity, autism or other medical
intervention trials [7, 12, 15, 32, 37, 38, 41, 43, 45]. Also,
the well known and highly cited Multimodal Treatment
Study of Children with ADHD, the MTA-study, was not
blinded [26]. To compensate for the absence of a placebo
diet, the parents in the control group, like the parents in the
diet group, had to monitor and to observe their child
intensively, writing down the behaviour and the physical
and sleep complaints of their child conscientiously in a
diary. It is conceivable that the child's behaviour and
somatic complaints might improve because of the special

attention which parents had to pay to their child. In our
study, the reduction of the total numbers of complaints in
the diet group (77%) was 4.6-fold compared to the
reduction in the control group (17%; p=0.001), indicating
that the effect of an increase of attention may be small,
when compared to the effect of an elimination diet. Second,
the trial lasted only 5 weeks, which is a short period of
time. Follow-up studies should include a follow-up period
of at least 1 year. Finally, the sample size of the study was
relatively small; consequently, the data reported here should
be considered exploratory. Nevertheless, due to the consid-
erable effect sizes in this study, statistically significant
differences between diet and control were obtained.

The effect of the intervention on physical and sleep
complaints did not differ significantly between children
who did or did not show ADHD symptom reduction after
following the diet. The adjusted difference between both
groups amounted to 0.82 (p=0.10), suggesting the diet is
equally effective in reducing physical complaints in
responders and non-responders. However, the power of
this analysis is low (0.26), as the non-responder group
consisted of four children only. Correlation analyses
revealed that ADHD symptom reduction and the reduction
of physical complaints were correlated significantly. We
hypothesise, considering the effect size of an elimination
diet on both ADHD and physical complaints, that there
may be a common underlying mechanism for both
conditions. This mechanism may be a hypersensitivity
reaction to food, which could be an etiological factor of
both conditions [30]. This hypersensitivity mechanism
might either be allergic, i.e. related to the induction of IgE
or IgG antibodies or of a cell-mediated response [30], or not
allergic, i.e. related to a toxic or pharmacologic mechanism.
When there is no effect of an elimination diet on one or
more of the complaints, other etiological mechanisms are
likely and should be considered.

In this study, 71% of the ADHD children had an atopic
constitution. This high prevalence may be related to the
possibility that parents acquainted with allergic disorders
are more willing to let their child follow an elimination diet
than parents unfamiliar with allergies. On the other hand,
atopy is a widespread condition, found in many children. A
UK study reported that 39% of children in the UK had been
diagnosed with one or more atopic conditions [17], and
positive skin prick tests to at least one allergen was found in
63.7% of urban children [23]. Our study shows that in
atopic and in non-atopic children, the number of physical
and sleep complaints did not differ significantly before (p=
0.081) as well as after (p=0.32) the elimination diet. We did
find, although not statistically significant, that at the start of
the trial more physical complaints were reported in atopic
children (average, 3.5 per child) than in non-atopic children
(average, 2.0 per child). The results of this study indicate
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that the presence of an atopic constitution is not a
moderator of the effect of an elimination diet on physical
complaints and sleep complaints in children with ADHD,
but do suggest atopy is an important condition co-occurring
with ADHD.

The subjects in our study were young, but children of
4 years and older are generally expected to be able to tell
that it hurts and where it hurts. Therefore, headache,
abdominal pains and pain in the legs or arms (growing
pains) are probably reliably reported. However, restless legs
or breathing difficulties may be more difficult for a child to
describe, so it may be conceivable that the number of
physical complaints is underestimated. We would like to
emphasise that the sleep complaints were reported by the
parents, not by the child. These complaints are generally
well visible to the parents and have a large impact on
family life.

As ADHD has an increased association with sleep-
related movement disorders such as restless legs syndrome
[44], the relationship between food, ADHD and sleep
complaints should be investigated more thoroughly in
follow-up studies.

Although we do not know the mechanisms in which an
elimination diet exerts its effects on physical and sleep
complaints in ADHD, our findings indicate that the results
of this study may be important for children with physical
complaints or sleep complaints and ADHD. They even may
be important for children with physical conditions without
ADHD [4, 8, 25, 42] and for children with functional
somatic symptoms, as these are common health complaints
in 5-7-year-old children [33].

More research on the effects of foods and on the
underlying mechanism is advised to investigate whether
children with ADHD and co-occurring physical complaints
may represent a specific ADHD subgroup. We hypothesise
that there may be a common underlying genetic mechanism
contributing to both medical conditions, comparable to the
mechanism found by Campbell et al., in children with co-
occurring autism and gastrointestinal conditions [8]. Con-
sequently, the further unravelling of the genetic architecture
of ADHD is very important to identify a common genetic
pattern or genetic vulnerability in children with ADHD and
physical complaints. Also, it is important to segregate
between non-allergic or allergic mechanisms involved. This
includes analysis of the role of IgE and IgG antibodies
being specific for the food and the possible involvement of
T cell-mediated hypersensitivity.

In studies specifically asking for physical complaints in
children with ADHD, it turns out that comorbidity is high
[9, 13, 22, 29]. This high comorbidity between physical
symptoms and ADHD does not reflect clinical practice,
which may be due to the fact that in children with ADHD,
it is not current practice to ask for physical complaints

@ Springer

specifically. A general question like ‘are there any physical
complaints’ may not be sufficient, generating too little
information. Many of the physical symptoms investigated
in this trial would not have been mentioned by the parents
if we had not asked for them.

Because diets are not without its limitations (socially
handicapping, putting a strain on the whole family),
they should only be applied after responsiveness has
been individually and carefully tested by means of an
elimination diet, supervised and administered by trained
staff [34]. If a child following the diet shows beneficial
behavioural or physical effects, sequential introduction
of foods is necessary to identify the incriminated foods
[9, 13], so that the eventual diet of the child will be
as comprehensive as possible. If a child who responds
favourably to the diet will not proceed with this provoca-
tion period and returns to its usual diet, consequently, the
problems are likely to return.

Further controlled studies are needed to verify the
efficacy of an elimination diet in children with physical
complaints and to provide a feasible algorithm for treat-
ment, especially for children with behavioural or physical
complaints triggered by foods. We will pursue this issue in
a large (N=100) sample of ADHD children using an RCT
(the Impact of Nutrition on Children with ADHD study)
currently underway, the protocol of which can be found on
the website of The Lancet (http://www.thelancet.com/
protocol-reviews/06PRT-7719).

Clinical implications and conclusion

Our study shows that hypersensitivity to food may play an
etiologic role in physical and sleep complaints in children
with ADHD and suggests that an elimination diet may be a
valuable tool to manage these problems in ADHD children.
As functional somatic symptoms are common health
complaints in 5—7-year-old children [33], the results of this
study may be important for all children. Still, the sample
size was small, and we cannot rule out expectation effects.
Therefore, more research is needed to determine the effects
of food on physical and sleep complaints in children with
and without ADHD.
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