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Abstract

To reconcile the strong secular persistence of attention-deficit/hyperactivity disorder (ADHD) despite its impairing effects,
ADHD traits have been postulated to offer an evolutionary advantage. It has been proposed that such advantages should in
particular be observable under time-critical, novel, and resource-depleted conditions requiring response-readiness and high
levels of scanning and exploration/foraging. Our objective was to provide the first behavioral test of this hypothesis. School-
children from the general population with no/few (n=56), mild (n =50), moderate (n =48), and severe (n=48) ADHD traits,
defined according to their ADHD-Rating Scale IV (ADHD-RS-IV) total score, participated in an exploratory foraging and
response-readiness laboratory test. Here, children searched for coins hidden in locations of varying obscurity in an unfamiliar
room for 1 min. Test-performance (number of coins found) adjusted for age, sex, and estimated 1Q was analyzed categori-
cally using multiple linear regression analyses and dimensionally by fitting a regression model including the ADHD-RS-IV
score as a continuous measure. There were no differences in the mean number of coins between the No/Few (Mean =7.82),
Mild (Mean =7.76), Moderate (Mean=7.58), and Severe (Mean =7.88) groups [F(3,195)=0.24, p=0.871]. Furthermore,
excluding children with functional impairment, adjusting for verbal working memory and response inhibition, and stratify-
ing for sex did not change these findings. Finally, continuous ADHD traits were not found to be related to test-performance
[F(3,195)=0.73, p=0.536]. While our results do generally not support the evolutionary advantage theory (i.e., ADHD traits
neither conferred an advantage nor a disadvantage), this does not disprove that ADHD traits may have offered advantages
via other mechanisms.

Keywords ADHD - Dimensionality - Natural selection-based theories of ADHD - Children - Adaptive advantages

Introduction

The persistence and high, and in some cases escalating,
prevalence of mental disorders (e.g., [1]) presents a conun-
drum for advocates of neo-Darwinian accounts of human
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evolution [2]. Why should behavioral and mental states that
are by definition associated with disability, distress and neg-
ative functional outcomes—that will inevitably undermine
fitness—not be bred out through the processes of chance
mutation and natural selection [2, 3]? Attention-deficit/
hyperactivity disorder (ADHD) is a case in point—a highly
prevalent and heritable disorder [4] associated with adverse
health and functional outcomes [5] and increased mortality
rates [6].

One explanation for this apparent evolutionary paradox
is that ADHD traits may have conveyed advantages at some
point in our evolutionary history where they were selected
over long periods of time [7-9], and that comprehensive
changes in human societies have occurred so rapidly that
they have outpaced the much slower evolutionary changes
required to select out those traits [7]. Due to such evolution-
ary time lags [10], we may carry around traits that were
adaptive in and designed for our ancestral environments
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during the Pleistocene epoch, but are maladaptive in today’s
environment—also known as the mismatch theory [11, 12]
or what others have called “the anachronism of ADHD” [13].

In terms of specifics, the natural selection-based theory
by Jensen et al. [7] seems to be the most plausible (see Thag-
aard et al. [14] for a brief review of the theories). According
to Jensen et al. [7], ADHD traits may have been adaptive
in ancestral hunter-gatherer environments characterized by
resource-depleted, time-critical, and novel/rapidly changing
conditions. In this context, hyperactivity is considered an
adaptive exploratory behavior useful in resource-depleted
environments for spotting of new opportunities, effective
foraging, or migration and expansion toward better climates.
Likewise, impulsivity is considered as response-readiness
and the ability to fight-or-flee—a requirement for survival
in time-critical situations [7, 14]. Finally, inattention is seen
as hypervigilance and high-scanning behavior likely to be
adaptive in rapidly changing or novel environments for mon-
itoring of threats and danger [7].

Whereas efforts have been devoted to the formulation
and discussion of natural selection-based theories, a sys-
tematic review by Thaagaard et al. [14] only identified three
empirical studies of such theories of ADHD. Two of these
studies [15, 16] investigated the seven-repeat allele of the
dopamine receptor D4 gene (DRD4 7R) which has been
associated with ADHD [17] and novelty-seeking [18, 19].
They reported that this allele arose as a rare mutational event
about 40,000-50,000 years ago around the last out-of-Africa
expansion, suggesting that the increased 7R frequency may
be a result of positive selection. The third study addressed
group fitness using a simulation paradigm and found that
groups consisting of 5% with unpredictable and 95% with
predictable behavior had increased group survival under
rapidly changing conditions [20]. Although these studies,
at least indirectly, seem to support the theory by Jensen et al.
[7], they do not actually test the behavioral advantages of
the core ADHD symptoms of inattention, hyperactivity, and
impulsivity [14]. Therefore, Thagaard et al. [14] concluded
that the evolutionary theories of ADHD remain hypothetical
and are yet to be addressed in behavioral studies.

In the current study, we tested the theory by Jensen
et al. [7] for the first time directly by creating an explora-
tory foraging and response-readiness laboratory test where
ADHD traits could be expected to confer an advantage. Spe-
cifically, in a sample of schoolchildren with varying levels
of ADHD traits (no/few, mild, moderate, and severe), we
tested whether these traits would confer an advantage in a
test designed to mimic a time-critical, novel, and resource-
depleted situation. This laboratory test consisted of a 1-min
coin search in an unfamiliar room with coins placed in dif-
ferent locations with varying degrees of obscurity to make
them more or less easy to locate. Our hypothesis was that
children with moderate and sub-threshold ADHD traits
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would outperform their peers with lower and higher levels
of ADHD traits—as children with severe ADHD traits were
assumed to be too impaired by their symptoms and associ-
ated difficulties to outperform children with lower levels of
ADHD traits.

Methods
Recruitment procedure

Schoolchildren were recruited after their parents had partici-
pated in a survey [21]. In brief, the survey was distributed
in Aarhus Municipality, Denmark, through (i) a web-based
intranet at public schools for 1st to 3rd grade and (ii) to an
online digital mailbox linked to the Danish personal regis-
tration number of parents to children who were aged 7-9 on
February 1, 2017.

For this study, children were recruited based on the total
score on the ADHD Rating Scale-IV (ADHD-RS-1V) [22]
completed by their parent(s) in the survey to cover the entire
ADHD traits severity continuum. For practical reasons, data
from the first 447 out of 2044 survey responses, compris-
ing 238 boys aged 8.15 (SD=1.03) and 209 girls aged 8.11
(SD=0.97), were used to define four ADHD traits groups.
For the normal range (no/few ADHD traits), we aimed at
obtaining a group with ADHD-RS-IV total scores below or
equal to the 60th percentile (exact percentile given the distri-
bution of ADHD-RS-IV scores in the sample: <62), a mild
range group with ADHD-RS-IV scores in the 61th—79th per-
centiles (exact percentiles: 63—79), a moderate range group
with ADHD-RS-IV scores in the 80th—89th percentiles, and
the severe range group having ADHD-RS-IV scores equal
to or above the 90th percentile. About 50 children were
recruited in each group while aiming at obtaining equal sex
distribution.

The inclusion criteria were as follows: (1) attending
1st, 2nd, or 3rd grade in Aarhus Municipality at the time
of the survey, (2) sufficient Danish language proficiency to
participate, and (3) if the child was treated with a central
nervous system stimulant, he/she was required to be off the
medication for at least 24 h before participation. The follow-
ing exclusion criteria were employed: (1) severe physical
disabilities or neurological disorders, (2) an autism spec-
trum disorder (ASD) diagnosis, (3) pronounced sensory dis-
abilities, and (4) treatment with atomoxetine (due to long
half-life).

Participants
Two hundred and thirty-one schoolchildren were screened

for eligibility. A detailed sample flowchart is available in
Online Resource 1. Out of the 231 children, 19 declined
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participation, 5 families either did not turn up for the sched-
uled assessment and were subsequently unreachable or it
was not possible to obtain consent from both custodial par-
ents, and four children were excluded due to ASD or neuro-
logical disorders. Finally, the first participant (a boy in the
No/few group) was excluded because of minor refurnishing
in the test room after the assessment. Thus, the total sample
consisted of 202 children (101 girls and 101 boys) aged 6-11
comprising a No/few ADHD traits group (32 girls and 24
boys), a Mild ADHD traits group (25 girls and 25 boys), a
Moderate ADHD traits group (22 girls and 26 boys), and a
Severe ADHD traits group (22 girls and 26 boys). Table 1
shows the ADHD-RS-IV scores in the four groups.

Eight children (4.0%) were diagnosed with ADHD, out
of which six were medicated with and were off methylphe-
nidate at least 24 h before participation. For these children,
parents were instructed to complete the ADHD-RS-IV based
on their child’s behavior when he/she was off medication.
The children with ADHD had a mean ADHD-RS-IV total
score of 40.13 (SD=10.18). Four of these children were
reported by their parents to have at least one of the following
comorbid conditions: a behavioral disorder, a sleep disor-
der, an emotional disorder, and/or a mixed specific develop-
mental disorder (categorized based on parent-report). The
remaining children were not reported in the survey to have
any psychiatric diagnoses (except a few children with dys-
lexia) or to use any kind of psychotropic medication. The
sample included five sibling pairs.

The exploratory foraging and response-readiness
laboratory test

We designed a laboratory test to operationalize the theory
by Jensen et al. [7] by tapping into the potential adaptive
response-readiness, high-scanning and exploratory/foraging
behavior through a test aimed at mimicking time-critical,
resource-low, and novel conditions. In this laboratory test,
the child searched for and collected objects (coins) in 1 min
in a test room (see Fig. 1) that the child had not previously
been exposed to.

Setting

Twenty Danish 2-kroner coins (each corresponding to ~0.27
Euro) were hidden by the assessor in a 3.95%3.91 m room
before the assessment took place. The coins were hidden
in the same locations for every child and varied in level of
obscurity and so difficulty to find. The room was furnished
with a filing cabinet, chairs, a computer, a carpet, and tables,
and all furniture was placed along the walls in the same
position every time. A black curtain-like fabric was hanging
from the doorframe shielding the room from the hallway.
Figure 1 illustrates the test room.

Administration

To avoid distractions or disruptions, instructions were given
by the assessor in a room next door. The child was told that
he/she was going on a ‘treasure hunt’, that a number of coins
were hidden in the room next door and that he/she could
keep those found in 1 min. The child was given a small
paper gift bag and was told to use it for collecting coins. No
further information was provided. The child and the assessor
then went to the front of the test room, the assessor ‘counted
down’ (“on your marks, get set, go””), drew back the curtain,
and started the timer as the child entered the room. When the
timer went off, the assessor entered the room, counted the
number of coins found and went through all hiding places
recording which coins the child had found.

Outcomes

The primary outcome was the number of coins found (range
0-20) and the secondary outcome was the difficulty level
of the types of coins found. Three independent assessors,
without prior knowledge of how frequently each coin was
found, rated the difficulty level of each coin as either easy
(n=6), medium (n=10), or hard (n=4) based on how vis-
ible the coins were (e.g., visible or completely hidden) and
their location in the room (e.g., on the floor or behind a
curtain). In case of disagreement, the coin was assigned to
the level two out of three assessors had chosen (n=6) or the
intermediate level (i.e., the medium difficulty level) in the
case that none of the assessors agreed on the difficulty level
(n=1). The coins were then converted into a difficulty score
(easy =1, medium =2, or hard=3) and added up to yield a
total coin difficulty score (range 0-38).

Measures

ADHD traits were assessed using the ADHD-RS-IV [22,
23]. The ADHD-RS-IV has been validated in Denmark [24]
and consists of 18 items corresponding to the symptom cri-
teria for ADHD in DSM-IV where higher scores indicate
higher frequency of and greater severity of ADHD symp-
toms [22]. The item scores are summed up into an Inatten-
tion score (range 0-27), a Hyperactivity/Impulsivity score
(range 0-27), and a total score (range 0-54) [22].

Functional impairment was measured using the mean
score on the Weiss Functional Impairment Rating Scale-
Parent report (WFIRS-P) [25] assessing ADHD-related
functional impairment across different domains of function-
ing. In the absence of Danish norms, functional impairment
was defined as a mean score > 0.65. This cut-off has been
shown to differentiate functional impairment in children
with ADHD from children without ADHD with a sensitiv-
ity of 83% and a specificity of 85% [26].
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Table 1 Sample characteristics in the four ADHD traits groups

No/few ADHD Mild ADHD traits (n=50) Moderate Severe ADHD  F test or )(z test®
traits (n=>56) ADHD traits traits (n=48)
(n=48)
Boys, n (%) 24 (42.9%) 25 (50.0%) 26 (54.2%) 26 (54.2%) £(3)=1.81,p=0.613
Age, M (SD) 8.70 (0.89), 8.85 (0.90), 8.77 (0.95), 8.78 (0.86), F(3,198)=0.25, p=0.864
Range 7-10 7-11 6-10 7-10
ADHD-RS-1V, M (SD)
Hyperactivity/impulsivity 2.50 (2.20), 5.40 (2.56), 9.75 (2.99), 15.15 (4.53), Welch’” F(3,104.71)=136.80,
score p<0.001. ,
Range 0-8 1-10 1-18 6-27 $>Mo>Mi>NF ™
Inattention score 2.77 (2.61), 8.32 (2.55), 9.15 (3.32), 16.67 (4.60),  Welch’ F(3,105.82)=128.84,
Range 0-10 3-13 3-17 9-27 p<0.001. S>Mo, Mi,
NF ;Mo>NF ;
Mi>NF™"
Total score 5.27 (3.63), 13.72 (1.33), 18.90 (1.75),  31.81(7.26),  Welch’ F(3,101.56)=310.38,
Range 0-11 12-16 17-22 23-52 p<0.001.
S>Mo>Mi>NF
FSIQ estimate, M (SD) 108.57 (11.45), 105.28 (14.17), 104.44 (11.38),  100.38 (12.04), F(3,198)=3.87, p=0.010.
Range 88-142 64-139 82-127 70-130 NF>§™
Digit Span Backwards®, M 10.28 (2.45) 9.39 (3.04) 10.27 (2.41) 8.87 (2.43) F(3,177)*= 3.25, p=0.023.
(SD) NF>§
Range 3-14 1-15 5-14 4-14
Stop Signal Reaction Time 275.97 (70.86) 317.02 (98.36) 291.55 (105.28) 285.48 (92.96) F(3,195)=1.88, p=0.135

last half®, M (SD)

Range 142.95-458.63 147.95-607.35 152.55-628.68  144.25-545.08
Parental education (years)*, 15.73 (1.74) 15.25 (1.70) 15.39 (1.79) 14.51 (2.41) Welch’ F(3,107.84).:2.88,
M (SD) p=0.040. NF>S"
Range 10.00-17.50 11.00-17.50 11.50-17.50 9.50-17.50
At least one referral?, n (%) 2 (3.6%) 4 (8.0%) 7 (14.6%) 17 (35.4%) 1(3)=23.55, p<0.001
Special educational needs®, 0(0.0%) 4 (8.0%) 3 (6.3%) 14 (29.2%) 1(3)=25.85, p<0.001
n (%)
WFIRS-P mean score, M (SD) 0.17 (0.17) 0.33 (0.22) 0.41 (0.24) 0.66 (0.37) Welch' F(3,104.21)=28.03,
Range 0.00-0.84 0.02-1.17 0.06-1.08 0.10-1.65 p<0.001.8>Mo™,
Mi",NF ; Mo>NF ;
Mi>NF"
WFIRS-P impairment’, n (%) 2 (3.6%) 3 (6.0%) 9 (18.8%) 20 (41.7%) 7(3)=32.50, p<0.001

M mean, SD standard deviation, NF no/few group, Mi mild group, Mo moderate group, S severe group, FSIQ Full Scale Intelligence Quotient
estimate, ADHD-RS-1V Attention-Deficit/Hyperactivity Disorder—Rating Scale IV, WFIRS-P Weiss Functional Impairment Rating Scale—Parent
Report

This subtest was missing for the first 21 children participating in the project for practical reasons, and are based on n=46 in the No/few group,
n=46 in the Mild group, n=44 in the Moderate group, and n=45 in the Severe group

Based on 47 and 46 cases in the Moderate and Severe group, respectively

“Parental years of education was based on biological parents (n=190), adoptive parents or on the biological mother and her spouse/partner
(n=06), or the biological mother alone (n=06) if there was no or limited contact to the biological father or if paternal information was insufficient

9Defined as referral to the Pedagogical Psychological Counseling Center, to the child and adolescent psychiatry, or referrals to both

Special educational need was defined as attending a special class/school or a mainstream school with educational support at the time the parents
participated in the survey [21]

fDefined as a WFIRS-P mean score > 0.65 [26]

2y tests were used to examine group differences on categorical variables, and analyses of variance with Tukey post-hoc tests or Welch’s adjusted

F-ratio with Games-Howell post-hoc tests were used to examine group differences on continuous variables. Only significant differences between
groups (post-hoc tests) are shown

#p<0.05, **p<0.01, **%p <0.001
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Fig. 1 Illustration of the room used for the exploratory foraging and
response-readiness laboratory test (dimensions: 3.95x3.91 m). Cir-
cles and stars indicate where the coins were hidden. Stars illustrate

A two-subtest short form of the Wechsler Intelligence
Scale for Children-Fourth Edition (WISC-1V) [27] con-
sisting of Vocabulary and Matrix Reasoning was admin-
istered to obtain an estimate of general intelligence (IQ)
derived using the Tellegen and Briggs formula [28, 29].
The WISC-IV Digit Span subtest was also administered,
and the scaled process score for the Digit Span Backward
(range 1-19) was used as a measure of verbal working
memory.

The Stop Signal Task from the Cambridge Neuropsy-
chological Test Automated Battery (CANTAB) [30] was
administered on a touchscreen tablet to measure response
inhibition defined as the Stop Signal Reaction Time (last
half) in milliseconds.

~
N

o AR A
O

the coins rated as hard to find (n=4). Circles with checked patterns
illustrate the coins rated as medium (n=10) and plain circles illus-
trate the coins rated as easy to find (n=6)

Background information was collected in the survey [21]
on socio-economic status (SES) defined as the average length
of parental years of education (range 0.00-17.50 years),
psychiatric diagnoses, referrals to the child and adolescents
psychiatry and/or the Pedagogical Psychological Counseling
Center (i.e., school psychologists), and special educational
needs.

Procedure
The Danish Regional Ethics Committee and the Danish Data
Protection Agency approved the project. Eligibility was

determined based on survey data and through a telephone
interview (i.e., based on parent-reported information), and
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written informed consent was obtained from the holder of
custody. The current study is part of a broader assessment
including, among others, experiments addressing objectively
quantified hyperactivity and prospective memory. All chil-
dren were assessed by the first author or by trained research
assistants (master’s degree students in psychology) during
approximately 2 h from 9.00-11.00 am (+ 30 min) from
June 2016 to October 2017. The laboratory test and tasks
were administered in a fixed order (see Online Resource 2
for a complete list of the test order), using a script specify-
ing all instructions to ensure standardized assessment. The
parent(s) completed the WFIRS-P at the day of assessment,
except in one case where it was completed the following day.

Statistical analyses
Sample characteristics

Group differences (No/few, Mild, Moderate, and Severe) on
continuous sample characteristic variables were explored
using analyses of variance with Tukey post-hoc tests or
Welch’s adjusted F-ratio with Games-Howell post-hoc tests
when the assumption of homogeneity of variance was not
met. ° tests were used to examine group differences on cate-
gorical sample characteristic variables. Sex differences were
addressed by independent #-tests (see Online Resource 3).

Number of coins found in the laboratory test

Categorical and dimensional analyses were performed to
investigate test-performance (number of coins found) in the
exploratory foraging and response-readiness laboratory test.
First, we compared the number of coins found in the four
groups using multiple linear regression analyses adjusted
for age, sex, and estimated 1Q. A post hoc logistic regres-
sion analysis adjusted for the same covariates was also car-
ried out to explore if there were group differences in the
odds ratio for finding more coins than the total sample mean
(M=17.76), i.e., finding > 8 coins. In the categorical analy-
ses, the Moderate group was chosen as the reference group
due to our hypothesis. Second, to explore if continuous
ADHD traits were related to the primary outcome through
a dimensional approach, we fitted a regression model with
ADHD-RS-IV total score as the independent and the num-
ber of coins as the dependent variable while adjusting for
age, sex, and estimated IQ. The ADHD-RS-IV total score
was included using a restricted cubic spline with four knots
(standard placement at the 5th, 35th, 65th, and 95th per-
centile corresponding to a total score of 1, 13, 19, and 36.8,
respectively) to investigate the expected non-linear relation-
ship between ADHD traits and coins found. An ADHD-RS-
IV total score of zero was chosen as the reference group. The

@ Springer

categorical and dimensional analyses were repeated with the
total coin difficulty score as the outcome variable.

Finally, a series of sensitivity analyses using the categori-
cal and dimensional approach on the primary outcome (i.e.,
number of coins found), available in Online Resource 4,
were carried out as follows. First, to explore if non-impairing
yet high ADHD traits may serve as an advantage, the analy-
ses were carried out after excluding 34 cases with a WFIRS-
P mean score >0.65 [26]. Second, due to the potential role
of working memory and response inhibition, we repeated
the analyses while adjusting for Digit Span Backwards and
Stop Signal Reaction Time. Third, because hyperactivity and
impulsivity rather than inattention may convey an advan-
tage in terms of exploration and response-readiness [7], the
analyses were carried out with the ADHD-RS-IV Hyper-
activity/Impulsivity score as the independent variable and
with four Hyperactivity/Impulsivity groups defined using
the aforementioned stratification procedure by percentiles
(for details see Online Resource 4, Table S3). Finally, sex-
stratified analyses were performed.

The level of statistical significance was set at 0.05 and
no adjustment for multiple comparisons was applied due
to the highly exploratory nature of this study. The analyses
were performed in Stata version 15.1 [31] and SPSS version
20.0 [32].

Results
Sample characteristics

The total sample consisted of 101 girls and 101 boys with
a mean age of 8.77 (SD=0.90), a mean estimated 1Q of
104.83 (SD=12.56), and an ADHD-RS-1V total score rang-
ing from 0 to 52 (M =16.91, SD=10.55). No significant sex
differences were found when comparing age, estimated 1Q,
and ADHD-RS-IV scores (see Online Resource 3). Table 1
shows the sample characteristics in the four ADHD traits
groups.

Number of coins—categorical approach

In the total sample, the number of coins found ranged
between 2 and 12 (M =7.76, SD=1.68). Figure 2 and
Table 2A shows the number of coins found in each group as
well as the crude and adjusted (for age, sex, and estimated
1Q) mean differences using the Moderate group as reference.
Overall, there were no significant between-group differences
in the number of coins found, F(3,195)=0.24, p=0.871.
Moreover, no differences were found when comparing the
number of coins between the four groups without cases with
functional impairment [F(3,161)=0.02, p=0.997] or after
adjusting for the effect of working memory and response



European Child & Adolescent Psychiatry

Fig.2 Distribution of the No/few ADHD ftraits group Mild ADHD traits group
number of coins found in the
laboratory test in each group. > 15 >
ADHD attention-deficit/hyper- 2 2
o X o 10 )
activity disorder > =]
o o
2 5 o
w w
0 T T T T T T T T T T T T
123 4567 8 9101112 123 4567 8 9101112
Number of coins Number of coins
Moderate ADHD traits group Severe ADHD traits group
> >
) %)
c c
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=] =]
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L w
123 456 7 8 9101112 123 456 7 8 9101112
Number of coins Number of coins
Table 2 Results of the exploratory foraging and response-readiness laboratory test
A. Group differences in number of coins found
No. of coins, M (SD), range Crude difference p value® Adjusted difference p value®
[95% CIJ? [95% CI|°
No/few ADHD traits (n=56) 7.82(1.73), 3-12 0.24 [- 0.42; 0.89] 0.475 0.21 [—- 0.45;0.88] 0.529
Mild ADHD traits (n=50) 7.76 (1.68), 3—12 0.18 [- 0.50; 0.85] 0.606 0.17 [- 0.51;0.84] 0.624
Moderate ADHD traits (n=48) 7.58 (1.65), 4-11 Ref Ref Ref Ref
Severe ADHD traits (n=48) 7.88 (1.70), 2-11 0.29 [- 0.39; 0.97] 0.399 0.28 [ 0.41;0.96] 0.426
B. Group differences in finding > 8 coins
> 8 coins, n (%) Crude OR p value® Adjusted OR p value?
[95% CIJ° [95% C1
No/few ADHD traits (n=>56) 31 (55.4%) 1.05[0.48; 2.28] 0.903 1.06 [0.48; 2.32] 0.893
Mild ADHD traits (n=50) 29 (58.0%) 1.17 [0.53; 2.60] 0.702 1.15[0.51; 2.57] 0.741
Moderate ADHD traits (n=48) 26 (54.2%) Ref. Ref. Ref. Ref.
Severe ADHD traits (n=48) 32 (66.7%) 1.69 [0.74; 3.87] 0.212 1.64 [0.71; 3.80] 0.247

No. number, M mean, SD standard deviation, CI confidence interval, OR odds ratio, ADHD attention-deficit/hyperactivity disorder, ref. reference

group

*Unadjusted multiple linear regression analysis with the Moderate ADHD traits group as the reference group, F(3,198)=0.27, p=0.845
"Multiple linear regression analysis adjusted for age, sex, and an estimate of IQ with the Moderate ADHD traits group as the reference group,

F(3,195)=0.24, p=0.871

“Unadjusted logistic regression analysis with the Moderate ADHD traits group as the reference group, y*(3)=1.91, p=0.592
dLogistic regression analysis adjusted for age, sex, and an estimate of IQ with the Moderate ADHD traits group as the reference group,

7(3)=1.59, p=0.662

inhibition [F(3,169)=0.54, p =0.654]. Furthermore, no
differences emerged when comparing the four Hyper-
activity/Impulsivity groups [F(3,195)=0.36, p=0.780]
or after stratifying for sex [F,(3,95)=0.03, p=0.993;
Fi15(3,95) =0.64, p=0.588]. Notably, as evident from
Fig. 2, it was only participants in the No/few and Mild

ADHD traits groups who managed to find 12 coins (the
maximum number of coins retrieved by any participant)
during the laboratory test.

Table 2B shows the crude and adjusted odds ratio for
finding more coins than the sample mean in the No/few,
Mild, and Severe groups compared to the Moderate group.
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A post hoc logistic regression analysis adjusted for age,
sex, and estimated IQ revealed no significant group dif-
ference in the odds ratio for finding eight or more coins,
)(2(3) =1.59, p=0.662. In addition, no significant differ-
ences emerged after excluding cases with functional impair-
ment (y*(3)=1.63, p=0.654), after adjusting for working
memory and response inhibition (*(3)=2.22, p=0.527),
when comparing the four Hyperactivity/Impulsivity groups
(7*(3)=3.49, p=0.322), or in the sex-stratified analyses
(hoys(3)=0.49, p=0.922; 3*11,(3)=3.15, p=0.369).

Number of coins—dimensional approach

Figure 3 shows the adjusted fitted regression model plot-
ting the differences in number of coins found compared to
an ADHD-RS-IV total score of zero against the ADHD-
RS-IV total score as a continuous measure. In this fitted
model, for instance, a child with an ADHD-RS-IV total
score of 35 (i.e., in the severe range) found 0.48 more coins
but between 0.44 less to 1.40 more coins than a child with
a total score of zero. However, the curve was not statisti-
cally significant, F(3,195)=0.73, p=0.536, meaning that
the ADHD-RS-IV total score was not significantly related
to the number of coins found. The same was found when
conducting the analysis without cases with functional
impairment [F(3,161)=0.36, p=0.779], when taking the
effect of working memory and response inhibition into
account [F(3,169)=0.38, p=0.767], or when a fitted
regression model was carried out with the ADHD-RS-IV
Hyperactivity/Impulsivity score as the independent variable
[F(3,195)=0.58, p=0.631]. Moreover, the ADHD-RS-IV
total score was not significantly related to the number of

Estimated difference in no. of coins
--------- 95% confidence interval

Difference in no. of coins

ADHD-RS-IV total score

Fig.3 Estimated differences in number of coins found against the
ADHD-RS-IV total score. Fitted regression model with the total
score from the Attention-Deficit/Hyperactivity Disorder—Rating
Scale IV (ADHD-RS-1V) included as the independent variable using
restricted cubic splines, F(3,195)=0.73, p=0.536. An ADHD-RS-IV
total score of zero is the reference group
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coins found by boys [Fy,,(3,95)=0.27, p=0.845] or girls
[Fgins(3,95)=0.72, p=0.544].
Total coin difficulty scores

All 20 coins were found by at least one child in each group
(but none of the children found all 20 coins). The total sam-
ple had a mean total coin difficulty score of 12.11 (SD=3.20,
range 3-21). The No/few group had a mean total difficulty
score of 12.38 (SD =3.38), the Mild group a difficulty score
of 11.86 (SD =3.09), the Moderate group scored in aver-
age 11.88 (SD=3.27), and the Severe group had a mean
difficulty score of 12.31 (SD=3.09). There were no group
differences in the total coin difficulty score adjusted for age,
sex, and estimated 1Q, F(3,195)=0.35, p=0.786. Moreover,
the ADHD-RS-IV total score was not significantly related
to the total coin difficulty score, F(3,195)=0.96, p=0.411.

Discussion

So far, the empirical literature on the evolutionary theo-
ries of ADHD is limited to studies using simulation [20] or
genetic approaches [15, 16] without taking the core symp-
toms of ADHD into account [14]. To address this gap in the
literature, we designed a behavioral paradigm (an explora-
tory foraging and response-readiness laboratory test) to
investigate potential advantages of ADHD traits, assessed
using an ADHD-specific rating scale, in schoolchildren
under environmental conditions mimicking those described
in the natural selection-based theory of ADHD by Jensen
et al. [7]. To our knowledge, this is the first study to focus on
the core symptoms and to use a behavioral paradigm when
investigating potential advantages of ADHD. Contrary to our
expectations, having ADHD traits in the moderate range did
not confer an advantage over having lower or higher levels
of ADHD traits, respectively. Overall, no group differences
were found in the number of coins or the total coin diffi-
culty scores. Similarly, although the estimated differences
in number of coins found seemed to increase with higher
continuous ADHD traits levels, this increase was not sta-
tistically significant. Thus, neither continuous ADHD traits
nor hyperactivity/impulsivity traits seemed to be related to
test-performance. The results did not change after exclud-
ing children with functional impairment, when adjusting for
verbal working memory and response inhibition, or when
stratifying on sex.

Although ADHD traits were not found to hold an advan-
tage, the four groups, irrespective of functional impair-
ment, behavioral inhibition and working memory, per-
formed equally well in a test requiring timed exploration
in a novel environment. Thus, schoolchildren with ADHD
traits in the moderate and even in the severe range (>90th
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percentile) showed no disadvantage despite the severe group
being characterized by poorer verbal working memory (but
not response inhibition) as compared to the No/few group,
and more pronounced functional impairment as compared
to the three other groups (see Table 1). This may indicate
that under such circumstances, children with severe and
pronounced ADHD traits may not be as impacted by their
ADHD traits, associated deficits and ADHD-related impair-
ment, suggesting a better environmental fit. Similarly, a
recent study of foraging patterns in a non-clinical sample
of children reported that having high levels of ADHD traits
did not affect performance in a timed, visuo-spatial, paper-
and-pencil search for objects [33]. Moreover, children with
higher levels of ADHD traits were found to display increased
exploratory over exploitation foraging patterns as indicated
by longer distances and more “jumps” in their paper-and-
pencil search [33]. This potential bias towards information/
resource exploration has also been addressed in a study of
visual information foraging of infants in a low- or high-risk
group for ASD who were presented with a visual scene with
five images in each trial while having their eye-movement
tracked [34]. Infants who had a sibling with ASD and low
ADHD traits levels were found to have decreased explora-
tion in terms of a higher re-visitation likelihood (i.e., return-
ing to and a preference towards an image already seen and
visited) compared to a control group and to infants with
an older sibling with ASD and high ADHD traits levels.
Although these results seem to suggest that a familial risk of
ADHD traits may moderate the more restricted patterns of
exploration typically associated with ASD in favor of more
balanced visual exploitation-exploration foraging patterns,
the group differences was only observed at 8 months of age
but not when the infants were 14 and 36 months old, respec-
tively [34]. Thus, children with different levels of ADHD
traits may differ in their searching [33], but also in their navi-
gation strategies [35] with a potential bias towards explora-
tion rather than exploitation [33, 34]. This possibility should
be subjected to further investigations to better understand
the underlying mechanisms and potential (adaptive) conse-
quences of ADHD traits.

While our study did not find support for potential advan-
tages of ADHD traits and the theory of Jensen et al. [7], we
cannot rule out the possibility that situations exist or have
existed in the past where ADHD traits have been advan-
tageous and favored by selection forces. For instance, it
is possible that ADHD traits have persisted because they
increased reproductive success through other mechanisms
than those mimicked by our exploratory foraging and
response-readiness laboratory test, and therefore have been
favored by sexual selection. Indeed, studies have shown that
individuals with ADHD are more likely to be younger at first
sexual intercourse, to have more sexual partners, to engage
in more casual sex, and to be involved in more (partner)

pregnancies and teenage parenthood compared to individu-
als without ADHD [36-38]. The significant genetic correla-
tions between ADHD and younger age of having children
and the number of children ever born reported in a recent
genome-wide association study lend further support to this
hypothesis [39]. Indeed, the increased frequency of the 7R
allele may be due to sexual selection [15, 16].

Yet, it is also possible that ADHD traits have persisted
despite of rather than because of natural or sexual selec-
tion [12, 40]. For example, ADHD has been suggested to
be a maladaptive spandrel rather than an adaptation [40].
That is, a by-product of genetically linked traits that may
have increased fitness and reproductive success [40], such
as novelty-seeking and risk-taking behavior. In general, the
criticism of the adaptationist perspectives on ADHD call
into question how a disorder associated with deficits in exec-
utive functions and response inhibition possibly can hold
any kind of advantage [40—43]. However, putting this com-
mon error of inclusion aside [44], ADHD is a heterogeneous
disorder [4] and not all children with ADHD show execu-
tive and inhibitory deficits (e.g., [45, 46]). Furthermore,
verbal working memory and response inhibition showed a
non-significant relation to the number of coins found in our
laboratory test suggesting that under such conditions, these
covariates do not affect performance.

Another explanation for our results could be that our test
did not measure what we intended. The laboratory test was
designed to mimic the environmental conditions proposed
by Jensen et al. [7] under which ADHD traits may have
been adaptive, i.e., in resource-low, time-critical, and novel
environments. To tap into the exploratory/foraging behav-
ior proposed to be adaptive in situations where resources
are depleted [7], we designed a test where the child had to
search for and collect objects (coins) in a room. With regard
to resource depletion, it can be argued that the experimental
setup is in fact rich in resources (coins). However, when con-
sidering the participants in the study (children), we believe
that they feel somewhat depleted in this context (always hav-
ing a need for extra pocket money) and that the experiment
is therefore also valid in this regard. Furthermore, it was our
impression that the children were highly motivated to find
coins in the experiment—which can be interpreted as an
indirect manifestation of their sense of resource-depletion
from the outset. The short time available (1 min) along with
the prospect of obtaining coins, chosen for motivational rea-
sons, was hypothesized to create a “time-critical” situation
fostering response-readiness, excitement, and a feeling to
hurry up and be quick while completing the test. The novelty
of the situation was ensured in several ways. First, the child
had not been exposed to the room before and no information
was revealed regarding what the room looked like. Second,
we sustained a situation characterized by novel stimuli by
withholding information about how many coins were hidden
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and not providing any clues on how and where they could be
found. Third, the test in itself can be seen as a novel situa-
tion, assuming that it is not a familiar setup encountered by
schoolchildren. Although it is difficult to create a situation
mimicking (hypothesized) ancestral environmental condi-
tions, this was our best effort to operationalize the theory.
Nevertheless, the test may not have been sufficiently sensi-
tive to capture between-group differences. One concern may
be that there was not enough variation or dispersion in the
hiding places and number of coins found. However, no floor
or ceiling effect was observed, the distribution in the total
sample approximated normality (see Fig. 2), and all types
of coins were found in each group. In a similar vein, a maxi-
mum of 12 out of 20 coins hidden in the room were found
in the test. As we aimed at hiding enough coins at various
locations and with variable difficulty levels in the room to
avoid floor and ceiling effects and to allow for dispersion
in the type of coins found, the finding that no participants
managed to find all coins was as intended. Another concern
may be that having only 1 min to collect coins was too short
a time interval. However, creating a “time-critical” situation
was essential for the validity of the laboratory test. In addi-
tion, a longer time interval might have introduced a ceiling
effect given the size of the test room.

There may be aspects of the laboratory test that could be
improved or modified to increase the validity and sensitiv-
ity of the test. For instance, future research should address
if the type of reward (coins) used or if the available time
limit in a foraging test may play a role for the motivation
and the level of exploration. Also, it may be that the poten-
tial advantages associated with ADHD traits operate at the
group level (rather than the individual level assessed in
the present study) where the presence of such traits in a
smaller proportion of the group benefits the entire group and
thereby increases group rather than individual fitness as the
costs remains at the individual level [20]. Alternatively, the
level of exploration may potentially increase when having
to compete with others for resources [34]. Future studies
should aim at addressing the possibility of group selection of
ADHD traits or whether such traits are more adaptive under
competitive conditions by investigating potential advantages
in group settings rather than individually as done in the pre-
sent study.

There are limitations to this study that should be taken
into account. First and foremost, the study was limited
by only using parent-reported ADHD traits (using the
ADHD-RS-IV) and thereby relying on a single informant.
Second, whereas the ADHD-RS-IV captures the presence
and frequency of each DSM-IV ADHD symptom [22], the
Strengths and Weaknesses of ADHD Symptoms and Normal
behaviour (SWAN) questionnaire was developed to capture
the dimensional nature of ADHD [47]. However, we opted
for using the ADHD-RS-IV because it has been validated in
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Denmark [24]. Third and finally, the study is limited by not
measuring spatial working memory but only verbal working
memory.

In conclusion, although we, contrary to our hypothesis,
did not find support for the superiority of moderate ADHD
traits in an exploratory foraging and response-readiness lab-
oratory test, those with moderate and severe ADHD traits
performed just as well as their peers with lower or no ADHD
traits. Hence, our results do not seem to concur with the view
that ADHD traits always are impairing across virtually all
settings.
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