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ADHD Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder in children
symptomatology; and adults. It is characterized by inappropriate levels of inattention (IA) and/or hyperactiv-
Personality traits; ity and impulsivity (HI). The ADHD diagnosis is hypothesized to represent the extreme of a
Anxiety; continuous distribution of ADHD symptoms in the general population. In this study, we inves-
Hurdle negative tigated whether factors linked to adult ADHD as a disorder are associated with adult ADHD
binomial regression symptoms in the general population. Our population-based sample included 4987 adults (mean

age 56.1 years; 53.8% female) recruited by the Nijmegen Biomedical Study (NBS). Partici-
pants completed the Dutch ADHD DSM-1V Rating Scale for current and childhood ADHD symp-
toms, the Symptom Check List-90-R (SCL-90-R) anxiety subscale, and the Eysenk Personality
Questionnaire (EPQR-S). Partial Spearman correlation and Hurdle negative binomial regres-
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sion analysis were used to assess how age, sex, childhood ADHD symptoms, anxiety symptoms,
and personality traits (neuroticism, extraversion, and psychoticism) are associated with cur-
rent IA and HI symptoms. Increasing age was associated with a lower proportion of partici-
pants reporting HI symptoms and with reduced levels of HI; IA levels remained fairly stable
over the age-range, but the probability of reporting IA symptoms increased throughout mid-
dle/late adulthood. Females were more likely to report IA symptoms than males. Childhood
ADHD symptoms, neuroticism, and psychoticism were positively associated with current IA
and HI symptoms, while extraversion had an opposite association with these symptom do-
mains. Anxiety symptoms affected HI symptoms in females. Our results indicate that fac-
tors associated with categorical ADHD are also correlated with ADHD symptoms in the adult

population.

© 2019 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a preva-
lent neurobehavioral disorder in children as well as in adults
(Faraone et al., 2015). Meta-analyses of epidemiological
studies estimate the prevalence of ADHD to be around 5.3%-
7.2% in childhood/adolescence and 2.5%-4.4% in adulthood
(Kessler et al., 2006; Polanczyk et al., 2007; Simon et al.,
2009; Thomas et al., 2015). ADHD is characterized by devel-
opmentally inappropriate, increased levels of two symptom
domains, inattention (IA) and/or hyperactivity and impul-
sivity (HI) (APA, 2013), which manifest themselves during
childhood. The diagnosis, according to the criteria estab-
lished in the Diagnostic and Statistical Manual of Mental
Disorders 5th edition (DSM-5) or the International Classifica-
tion of Diseases and Related Health Problems (ICD-10) (APA,
2013; WHO, 1992), uses a categorical definition based on
the number of symptoms reported by patients and/or their
parents, with functional impairment being an important
additional criterion. In the clinical setting, ADHD shows the
following main presentations: predominantly inattentive
symptoms, predominantly hyperactive-impulsive symp-
toms, and a combined presentation (having high symptoms
counts in both symptom domains).

As a multifactorial disorder, ADHD is influenced by genetic
and environmental factors, as well as the interplay between
these factors (Faraone et al., 2015). It has a well-recognized
genetic vulnerability, with heritability estimates of 70-80%
in both children and adults (Faraone et al., 2015). In ad-
dition to genetic susceptibility, factors such as age, sex,
psychiatric comorbidities, and personality traits also influ-
ence the development of ADHD and its clinical manifesta-
tion (Costello et al., 2003; Kessler et al., 2006; Nigg et al.,
2002; Ramtekkar et al., 2010).

In patients, the severity of ADHD symptoms declines
with age, and it has been shown that HI symptoms decline
more rapidly than IA symptoms (Biederman et al., 2000).
Nonetheless, ADHD frequently persists from childhood
into adulthood, with estimated persistence rates varying
between 15% and over 60%, depending on the definition of
persistence (Faraone et al., 2015). A clear difference in
the male/female ratio in ADHD cases is observed across the
lifespan. In childhood, boys are more likely to be diagnosed
with ADHD than girls, with an estimated ratio of 3:1 in
population-based studies and of 5:1 to 10:1 in clinical
studies (Biederman et al., 2002; Gaub and Carlson, 1997).

ADHD in adults shows a more sex-balanced distribution,
with male-female ratios from 1:1 to 2:1 (Cortese et al.,
2016; Williamson and Johnston, 2015).

Anxiety disorder is a common comorbidity in both chil-
dren and adults with ADHD. It has been estimated that 35%
of children/adolescents and 47% of adults with ADHD have
at least one comorbid anxiety disorder (Kessler et al., 2006;
Schatz and Rostain, 2006). On the other hand, about 15-27%
of adults with an anxiety disorder suffer from ADHD (Mancini
et al., 1999; Van Ameringen et al., 2011).

An individual’s personality has also shown to be relevant
for ADHD’s clinical manifestation. Personality is often sub-
divided into five dimensions (neuroticism, agreeableness,
conscientiousness, extraversion and openness), and three of
those (low agreeableness, low conscientiousness, and high
neuroticism) have shown reliable associations with overall
ADHD symptoms score, and |IA and/or HI scores respectively
(Gomez and Corr, 2014; McCrae and John, 1992). In studies
using the Eysenck Personality Questionnaire (EPQ), which
distinguishes the three dimensions of neuroticism, psy-
choticism, and extraversion, ADHD symptoms were strongly
linked to high neuroticism and high psychoticism scores
(Gudjonsson et al., 2009). These associations have been
found in adult ADHD patients (Gomez and Corr, 2014), as
well as in adolescents with ADHD (Miller et al., 2008). The
association between extraversion and ADHD is inconsistent
across studies (Gomez and Corr, 2014; Knouse et al., 2013;
Nigg et al., 2002). A clinical study showed that hyperactiv-
ity predicted higher extraversion, but not impulsivity and
inattention (Knouse et al., 2013). Nigg and coworkers, after
examining six adult clinical and population samples, con-
cluded that the association between extraversion and ADHD
may be limited to self-reports (Nigg et al., 2002).

Many symptoms/characteristics of psychiatric disorders
are also observed in healthy individuals (Coghill and Sonuga-
Barke, 2012). Such disorder-like traits tend to show a con-
tinuous distribution in the general population; where psy-
chiatric cases, including ADHD, cluster at the extreme end
(Levy et al., 1997). Arcos-Burgos et al. reported that nearly
60% of the general population displays symptoms of IA and
HI (Arcos-Burgos and Acosta, 2007). Genetic studies also
yield support for a continuum of ADHD symptoms in the
population (Larsson et al., 2012). Twin studies have shown
high heritability estimates for dimensional ADHD symp-
toms in non-clinical samples (Larsson et al., 2012; Levy et
al., 1997). Another study found that polygenic risk scores
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Table 1 Characteristics of the NBS sample.
Variables Total sample Males Females
ADHD N Percentage N Percentage N Percentage Chi-square p-value

Current IA symptoms 4885 2273 46.5% 2612 53.5% 2.8 0.51
0 symptoms (%) 3490 71.4% 1607 70.7% 1883 72.1%

1-4 symptoms (%) 1272 26.0% 614  27.0% 658 25.2%
>=5 symptoms (%) 123 2.5% 52 2.3% 71 2.7%

Current HI symptoms 4917 2277 46.3% 2640 53.7% 14.8 0.001
0 symptoms (%) 2698 54.9% 1304 57.3% 1394 52.8%

1-4 symptoms (%) 2078 42.3% 924  40.6% 1154 43.7%
>=5 symptoms (%) 141 2.9% 49 2.2% 92 3.5%

Childhood ADHD symptoms 4840 2230 46.1% 2610 53.9% 3.2 0.08

0 symptoms (%) 3710 76.7% 1690 75.8% 2020 77.4%
1 symptoms (%) 699 14.4% 325 14.6% 374 14.3%
2 symptoms (%) 277 5.7% 136 6.1% 141 5.4%

3 symptoms (%) 154 3.2% 79  3.5% 75  2.9%

Age and Personality traits N Mean (SD) N Mean (SD) N Mean (SD) t-test p-value
Age (years) 4987 56.1 (16.8) 2305 59.0 (16.5) 2682 53.6 (16.7) —0.8 <0.0001
Neuroticism score 4987 3.5 (2.9) 2305 2.9 (2.6) 2682 4.1 (3.0) —15.1 <0.0001
Extraversion score 4766 7.0 (3.2) 2153 6.7 (3.4) 2499 7.4 (3.1) -7.3 <0.0001

Anxiety N Median (Q1, Q3) N Median (Q1, Q3) N Median (Q1, Q3) Mann-Whitney p-value
Anxiety symptoms 4918 1.0 (1.0, 2.0) 2285 0.0 (0.0, 2.0) 2633 1.0 (1.0, 3.0) —11.2 <0.0001

Significant differences are indicated in bold.

derived from population ADHD symptoms were associated
with ADHD (Stergiakouli et al., 2015). Within the Early
genetics and lifecourse Epidemiology (EAGLE) consortium,
a genetic correlation estimated at 0.96 was reported for
genome-wide association study (GWAS) results of ADHD in
patients and ADHD symptoms in children/adolescents from
the population (Middeldorp et al., 2016). This was con-
firmed in the most recent ADHD GWAS of the Psychiatric Ge-
nomics Consortium (PGC) and iPSYCH, which showed a ge-
netic correlation of 0.94 between clinically diagnosed ADHD
and ADHD symptoms in the general (childhood) population
(Demontis et al., 2019).

Although ADHD symptoms exist in the population, there
are few studies reporting on the risk factors for those in
the population. If ADHD is the extreme end of a contin-
uum of ADHD symptoms in the population, it stands to rea-
son that associations with anxiety disorder and personality
traits observed in patients with ADHD should also be found in
the general population. In this study, we therefore set out
to evaluate whether factors affecting clinically diagnosed
adult also associate with ADHD symptoms in adults from the
general population. We selected childhood ADHD symptoms,
age, sex, anxiety symptoms, and personality traits as factors
of interest and investigated whether these are associated
with the unique features of each ADHD domain (IA and HI
symptoms) in the general population.

2. Experimental procedures

2.1. Participants

This study was performed in participants from the Nijmegen
Biomedical Study (NBS, www.nijmegenbiomedischestudie.nl), a

population-based survey conducted by the Radboud university med-
ical center (Galesloot et al., 2017). The study was approved by from
the Institutional Review Board. A random sample of 22,451 adult
residents of the municipality of Nijmegen, The Netherlands, re-
ceived an invitation to fill out a postal questionnaire on lifestyle and
medical history in 2002 (NBS-1). Of these, 41.6% (n=9350) returned
the first questionnaire. Participants (n=7986) who had given per-
mission to be approached for further research (NBS-2), were invited
to fill out a second questionnaire in 2005 including questions con-
cerning ADHD symptoms; a total of 4987 participants filled out the
ADHD related questionnaire. Sample sizes for each of the analy-
ses may slightly vary, depending on the availability of additional
variables included (see Table 1). All participants completed written
informed consent.

2.2. Measures

2.2.1. ADHD

ADHD symptoms in the NBS population were measured using the
Dutch version of the ADHD DSM-IV rating scale (Kooij et al., 2005),
which assesses the 18 DSM-1V items for ADHD. This rating scale as-
sesses, through self-report, current IA symptoms, current HI symp-
toms, and retrospectively ADHD symptoms in childhood. In order to
increase the reliability of self-reports, five of the 18 DSM-IV current
symptom items are split and reformulated into 2 items. Therefore,
the questionnaire on current symptoms (within the last 6 months)
consists of 23 items in total. Three items assess retrospective re-
call of the presence of inattention, hyperactivity, and impulsivity
symptoms in childhood at age of 7-8 years (Kooij et al., 2005).
Each item was rated on a four-point scale from 0 to 3 (0=“rarely
or never”; 1="“sometimes”; 2=“often”; 3="“very often”). A symp-
tom was regarded as present if the answer given to the item was
“often” or “very often” (score 2 or 3). For analysis, the 23 items
regarding current symptoms were re-calculated to the original 18
DSM-1IV items, where, for the five split items, the symptom was


http://www.nijmegenbiomedischestudie.nl

1120

T. Li, N.R. Mota and T.E. Galesloot et al.

regarded as present if the answer was positive (score 2 or 3) for
either one of its parts.

2.2.2. Anxiety

Current anxiety symptoms were assessed using the Symptom Check
List-90-R (SCL-90-R) anxiety subscale (Derogatis et al., 2000). The
SCL-90-R is a widely applied self-assessment instrument for a broad
range of psychological problems. The anxiety subscale we applied
in NBS consists of ten items, which are rated from zero to four
(0=“not at all”; 1=“a little bit”; 2="“moderately”; 3=“quite a bit”;
4="extremely”).We used the total score, with range from zero to
40, for analysis.

2.2.3. Personality

Personality traits were assessed using the Eysenck Personality Ques-
tionnaire Revised-Short Form (EPQR-S) (Eysenck et al., 1985). Three
main personality dimensions - neuroticism, extraversion, and psy-
choticism - are assessed by the EPQR-S through 12 binary (yes/no)
questions for each of them. Scores for each dimension range from
zero to 12, with higher scores indicating a higher tendency to
have the representative personality traits. Neuroticism represents
emotional instability and stress reactivity; extraversion reflects
sociability and positive mood; and psychoticism refers to tough-
mindedness, aggression, and ego-centricity (Eysenck, 1990).

2.3. Statistical analyses

Descriptive statistics (means, standard deviations (SDs), propor-
tion, median and interquartile range (Q1-Q3)) of IA and HI symp-
toms, sex, age, childhood ADHD symptoms, anxiety symptoms, and
personality traits were calculated for the total sample and strati-
fied by sex. T-tests (for normally distributed variables), Pearson’s
Chi-squared test, or Mann-Whitney U tests (for non-normal distri-
butions) were conducted to assess differences between males and
females.

Pearson’s Chi-squared test was used to compare the frequency
of current IA and HI symptoms between groups defined by retro-
spectively self-reported number of childhood ADHD symptoms. In
these analyses, current IA and HI symptoms were categorized as
not present (0 symptoms), below ADHD-threshold (1-4 symptoms),
and above ADHD-threshold (5-9 symptoms) for each domain, as the
presence of five or more symptoms on at least one of the ADHD do-
mains is one of the diagnostic criteria for ADHD in adults according
to DSM-5 (APA, 2013).

Partial Spearman correlation analysis was applied to estimate
the relation between the number of current IA/HI symptoms and
age, while controlling for sex. We also stratified the sample by the
presence of childhood ADHD symptoms in order to test, whether
observed differences were similar between groups with and without
childhood ADHD symptoms.

To assess how associated factors affect ADHD symptoms in the
general population, the Hurdle negative binomial (HNB) model was
applied. The HNB model was developed to cope with count data
that are over-dispersed and zero-inflated (Zuur et al., 2009). It con-
sists of two sub-models: 1) a binomial logistic model (referred to as
zero-model) is used on all observations to predict the probability of
having non-zero counts, 2) the negative binomial model (referred
to as count-model) is used on the subset of observations with counts
>0 to predict the number of symptoms. The zero- and count-models
were run simultaneously.

In the present study, the statistical distribution of current ADHD
symptoms was over-dispersed with excessive zeros (IA symptoms:
71.4% were zero; Hl symptoms: 54.9% were zero; the symptom dis-
tributions are shown in Supplementary Fig. 2); the characteristics
of the data fitted the assumptions for a HNB model. In order to as-
sess the association between current IA/HI symptoms and selected

factors in the general population, we used the zero-model to de-
termine the relation between these factors and the probability of
participants reporting at least one IA or Hl symptom (analyses were
performed separately for each ADHD domain), and the count-model
for determining the relation between the factors and the number
of IA or HI symptoms that participants with at least one symptom
reported. Given the known co-occurrence of IA and HI symptoms
(APA, 2013), the number of IA or HI symptoms were included as co-
variate for each other to extract the unique features of each ADHD
domain.

Statistical analyses were conducted using SPSS 22.0 statistical
software package (SPSS Inc. Chicago, IL, USA). The HNB analyses
were performed using the pscl package in R programming v3.1.1
(Achim. et al., 2008). A Bonferroni-corrected p-value threshold for
significance was set at 0.05/5=0.0125. Secondary analyses were
performed stratifying by sex.

3. Results
3.1. Participant characteristics

The NBS sample included in this study consisted of 4987 par-
ticipants, of whom 2682 (53.8%) were females. The mean
age of participants was 56.1 years (SD 16.8, range 21-
97 years). Table 1 shows the demographics of the sam-
ple. Supplementary Fig. 1 shows a sex-stratified age dis-
tribution of participants; In our sample, the mean age of
males was 59.0 +16.5 years, which was significantly higher
than the mean age of females (53.6 +16.7 years; t=11.5,
p < 0.0001). Supplementary Fig. 2 shows the distribution
of current ADHD symptoms. A higher proportion of females
than males reported current HI symptoms, but there was
no significant difference in current IA symptoms or child-
hood ADHD symptoms between females and males. Females
scored higher on anxiety symptoms and on neuroticism and
extraversion personality traits, but lower on psychoticism
than males (see Table 1).

3.2. Current IA and HI symptoms and
stratification by childhood ADHD symptoms

4747 participants havecomplete information of IA symp-
toms, 3400 (71.6%) scored zero, 1228 (25.9%) scored be-
tween 1-4, and 119 (2.5%) scored 5 or more current |A symp-
toms. 4778 participants completed the current HI symptom
items. Among them, 2626 (55.0%) scored zero HI symptoms,
2016 (42.2%) scored between 1 and 4, and 136 (2.8%) scored
5 or more HI symptoms. The frequency of current IA and HI
symptoms in adulthood stratified by childhood ADHD symp-
toms is presented in Fig. 1. Participants with a higher num-
ber of current symptoms for the IA subscale and/or for
the HI subscale also reported a significantly higher num-
ber of childhood ADHD symptoms (IA: x2 = 326.3; df = 6,
p < 0.0001; HI: x% = 325.0; df = 6, p < 0.0001).

3.3. Current IA and HI symptoms over age
Current HI symptom score was negatively correlated with

age (r = —0.15, p < 0.0001; Fig. 2A), while current
IA symptoms remained fairly constant over age (r=0.01,
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Fig. 2 Current ADHD symptoms across age in the NBS population sample, with and without stratification by the number of retro-
spective childhood ADHD symptoms: A) Any number ofchildhood symptoms (0-3 symptoms; n=4885 for IA, n=4914 for Hl); B) no
childhood symptoms (0 symptoms; n= 3640 for IA, n=3667 for Hl); C) at least one childhood symptom (1-3 symptoms; n= 1107 for
IA, n=1111 for HI). Note: Age bin and mean were used to present the results. The correlation (r) and p-value were determined for

age in years.

p=0.68; Fig. 2A), after adjustment for sex. A similar pic-
ture emerged, when the population was adjusted for the
absence/presence of childhood ADHD symptoms (Fig. 2B-C).

3.4. Simultaneous relation between factors of
interest and current IA and HI symptoms

Results for the association of ADHD symptoms with factors
of interest are given in Table 2. For IA symptoms (Table 2a),
the HNB regression zero-model showed that an increased
age, more childhood ADHD symptoms, higher neuroticism
scores, and higher psychoticism scores were associated
with a higher probability of reporting current IA symptoms,
whereas people scoring higher on extraversion were less
likely to report current IA symptoms. Also, females were
more likely to report current IA symptoms than males. In
the count-model, higher neuroticism scores were related to
an increase in the number of IA symptoms reported, while
higher levels of extraversion were associated with less cur-
rent IA symptoms. Results for childhood ADHD symptoms
did not reach significance in the count model. No signifi-

cant association between anxiety symptoms and IA symp-
toms was observed in either the zero-model or the count-
model. For HI symptoms (Table 2b), the zero-model showed
that increasing age decreased the proportion of participants
reporting current HI symptoms. Higher levels of childhood
ADHD symptoms, anxiety symptoms, neuroticism, and ex-
traversion were associated with a higher proportion of par-
ticipants having current Hl symptoms (zero-model) and with
a higher number of current HI symptoms (count-model).
Scoring high on psychoticism was related to a higher num-
bers of current HI symptoms in the count-model. No effect
of sex on HI symptoms was observed in either the zero-
model or the count-model.

3.5. Differences between sexes

After stratifying by sex, most of the associations remained
the same as in the whole sample, although some effects
became less significant, due to the reduced sample size.
For IA symptoms, the sex-stratified analysis indicated that
the effect of age observed in the overall sample was only
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Table 2a

Hurdle negative binomial regression analysis of current IA symptoms in adulthood (n=4232%).

Predictor Zero-model Count-model

Estimate(SE) 95%Cl p-value Estimate(SE) 95% ClI p-value
Age 0.01 (0.002) 0.003 - 0.01 0.001 0.001 (0.002) —0.003 - 0.01 0.62
Sex @ —0.26 (0.08) —0.42 - -0.09 0.002 —0.11 (0.08) —0.27 - 0.05 0.19
Childhood ADHD symptoms 0.40 (0.05) 0.29 - 0.50 <0.0001 0.08 (0.04) 0.003 - 0.16 0.04
Anxiety symptoms 0.02 (0.02) —0.01 - 0.05 0.30 0.02 (0.01) —0.01-0.04 0.13
Neuroticism 0.13 (0.02) 0.10- 0.17 <0.0001 0.06 (0.02) 0.03 - 0.09 <0.0001
Extraversion —0.07 (0.01) —0.10 - -0.05 <0.0001 —0.04 (0.01) —0.06 - 0.01 0.003
Psychoticism 0.15 (0.02) 0.10 - 0.20 <0.0001 0.02 (0.02) —0.03 - 0.06 0.49
HI symptoms 0.62 (0.04) 0.55 - 0.69 <0.0001 0.23 (0.02) 0.18-0.27 <0.0001

Note. Significant differences are indicated in bold. Zero-model was used to predict the probability of having IA/HI symptoms, count-
model predicted the number of IA/HI symptoms. HI symptoms were included as covariate.* Number of participants with information on

all variables; 2 Sex: effects for males as compared to females.

Table 2b  Hurdle negative binomial regression analysis of current HI symptoms in adulthood (n=4232%).

Predictor Zero-model Count-model

Estimate(SE) 95%Cl p-value Estimate(SE) 95% Cl p-value
Age —0.02 (0.002) —0.02 - —0.01 <0.0001 —0.002 (0.001) —0.01 - 0.001 0.26
Sex @ —0.12 (0.07) —0.26 - 0.03 0.12 —0.03 (0.05) —0.13-0.07 0.53
Childhood ADHD symptoms 0.34 (0.05) 0.24-0.44 <0.0001 0.09 (0.03) 0.04-0.14 <0.0001
Anxiety symptoms 0.05 (0.02) 0.01 - 0.08 0.004 0.02 (0.01) 0.01 - 0.03 0.0001
Neuroticism 0.20 (0.02) 0.16 - 0.23 <0.0001 0.09 (0.01) 0.07 - 0.11 <0.0001
Extraversion 0.06 (0.01) 0.03 - 0.08 <0.0001 0.05 (0.01) 0.04 - 0.07 <0.0001
Psychoticism —0.003 (0.02) —0.05 - 0.04 0.88 0.05 (0.01) 0.03 - 0.08 0.0002
IA symptoms 0.67 (0.05) 0.58 - 0.77 <0.0001 0.16 (0.01) 0.13-0.18 <0.0001

Note. Significant differences are indicated in bold. Zero-model was used to predict the probability of having IA/HI symptoms, count-model
predicted the number of IA/HI symptoms. IA symptoms were included as covariate. * Number of participants with information on all

variables; @ Sex: effects for males as compared to females.

significant in females; however, inspection of effect sizes
showed that those were similar in both sexes (Supple-
mentary Table 1). The association between IA symptoms
and childhood ADHD symptoms in the count model, which
also only reached significance in females (Supplementary
Table 1). For HI symptoms, the count model association with
childhood ADHD appeared to be male-specific (Supplemen-
tary Table 2). In contrast, the association between adult Hl
symptoms and anxiety symptom scores was only significant
in females (Supplementary Table 2). However, despite varia-
tion in the p-values, there was little difference in the actual
effect sizes and confidence intervals between males and
females.

4. Discussion

In this study, we sought to evaluate whether factors known
to influence clinically diagnose of ADHD are also linked to
ADHD symptoms along the continuum of ADHD in adults from
the general population. Indeed, our data show that all fac-
tors of interest, i.e. childhood ADHD symptoms, age, sex,
anxiety symptoms, and personality traits were associated
with current IA or HI symptoms in adults from the general
population.

Age was associated with ADHD symptoms in the general
population as expected. The partial correlation analyses

indicated that IA symptoms remained fairly constant across
adulthood, whereas HI symptoms declined with increasing
age; this age effect was seen regardless of childhood ADHD
symptom history. These findings are in line with clinical
studies showing that IA symptoms are more persistent than
HI symptoms from childhood into adolescence and (early)
adulthood (Biederman et al., 2000; Faraone et al., 2006).
In the HNB model analysis, age was associated with a
smaller proportion of participants reporting HI symptoms,
but it increased the probability of participants to report
current IA symptoms. This increased probability of having
IA symptoms probably reflects an age-related reduction
in attention efficiency in our middle to late adulthood
sample (de Fockert et al., 2009). The reduction of attention
capability may be due to inhibition deficits, which involve
age-associated decline in neural function (Haring et al.,
2013). Our results indicate that the continuum of ADHD
symptoms in the general population follows a similar pat-
tern as previously reported in patients, IA symptoms remain
stable and HI symptoms decrease with age, and this pattern
continues into later stages of life. In addition, we may also
have picked-up the first signs of cognitive decline with the
HNB model, given the age of our sample.

For sex, our unadjusted analysis showed that more fe-
males had HI symptoms; in the HNB model, in which the
effects of age and other factors had been controlled, we
found that female sex was associated with the likelihood
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of reporting IA symptoms. This association was also ob-
served in the sex-stratified analysis. With a lack of infor-
mation in the literature up to now, our result is not well
comparable with any of the few earlier population studies,
which concentrated on the severity of symptoms. In chil-
dren, higher symptom scores have been reported in males
(Arnett et al., 2015; Pinto et al., 2016), but the differences
between the sexes seem to become less pronounced later in
life, where studies have reported comparable symptom lev-
els in males and females (Ghirardi et al., 2018; Polderman
et al., 2014). A similar trend is seen in patients with ADHD,
in which the male preponderance of the disorder normal-
izes towards adulthood (Faraone et al., 2015; Huang et al.,
2016; Williamson and Johnston, 2015). In our study, differ-
ences in effect size were small between males and females,
and the confidence intervals often overlapped; this suggests
substantial similarities between the sexes in the presenta-
tion of ADHD symptoms in adulthood despite some variation
in the p-values (which could be affected by differential sam-
ple sizes). Additional effects of age were observed in the
sex-stratified analyses. As may have been expected, associ-
ations of childhood ADHD symptoms with IA symptoms were
observed in females in the count model; and those with HI
symptoms were seen in males. However, in general, most as-
sociations observed in the total sample were shared among
males and females.

Childhood ADHD symptoms increased the likelihood of
participants to report current IA and HI symptoms as well
as the number of these symptoms reported in the HNB
model. Consistent with this, the Pearson’s Chi-squared tests
showed that participants with higher current ADHD symp-
toms were inclined to report more ADHD symptoms in child-
hood. Numerous follow-up studies have demonstrated that
a significant proportion of individuals with ADHD in child-
hood continues to experience symptoms in adolescence and
(early) adulthood (Faraone et al., 2006; Lara et al., 2009;
Rasmussen and Levander, 2009). Moreover, genetic factors,
which were aggregated into polygenic risk scores for ADHD,
were shown to contribute to the persistence of ADHD symp-
toms from childhood to adolescence in the general popu-
lation (Riglin et al., 2016). Treating ADHD symptoms as a
continuum in the general population, our results confirm
that the same pattern of correlation between ADHD symp-
toms in childhood and adulthood exists in the general popu-
lation as in clinical samples, and this pattern is also seen in
middle to late adulthood.

We found that anxiety symptoms in our population-based
sample increased the likelihood and the number of HI
symptoms participants reported. No significant association
with IA symptoms was seen. Previously, childhood ADHD
patients with comorbid anxiety disorders were shown to
be more likely to display IA symptoms than HI symptoms
compared to patients only with ADHD (Melegari et al.,
2018; Newcorn et al., 2001); and females with ADHD tend
to have more internalizing problems, such as anxiety and
depression (Quinn and Madhoo, 2014), in line with the fact
that the finding in our study only reached significance in
females. However, there is little literature on the relation-
ship between adult ADHD symptom domains and anxiety. A
recent study reported that the severity of ADHD symptoms
is associated with social anxiety symptoms among univer-
sity students (Evren et al., 2017). Our findings support a

link between ADHD symptoms and anxiety in the general
population, and implicate HI symptoms in particular.

Regarding personality traits, our results indicated that
higher neuroticism scores were significantly associated with
increased adult IA and HI symptoms in the general popula-
tion. This finding is in line with results of a meta-analysis
referring to the specific ADHD domain scores, which indi-
cated that neuroticism is linked to both IA and HI in clini-
cal samples and (though with somewhat smaller effects) in
community samples (Gomez and Corr, 2014). For extraver-
sion, we found opposite links to current IA and HI symptoms:
this personality trait was linked to decreased IA and to in-
creased HI symptoms. The existing literature on the asso-
ciation between extraversion and ADHD is not consistent.
A previous population study in adults showed that under-
graduates with high ADHD symptom counts had higher ex-
traversion scores compared to individuals with low ADHD
symptoms (Braaten and Rosén, 1997). Another study found
that extraversion was a significant predictor of the predom-
inantly HI subtype of ADHD, but not the predominantly IA
subtype (Parker et al., 2004). A third study reported no dif-
ference in extraversion between university students with
probable ADHD and those without ADHD (Evren et al., 2017).
Our study corroborates the findings for extraversion linking
to HI in two of the studies, and additionally presents ev-
idence for an opposite relation with IA symptoms. A pos-
sible mechanism behind this finding might be that positive
affect is connected to loosened inhibitory control resulting
in increased attentional performance (Rowe et al., 2007),
as an earlier study found that extraversion was linked to in-
creased attention performance during a change detection
task (Hahn et al., 2015). In addition to neuroticism and ex-
traversion, we also found that psychoticism was positively
related to both IA and HI symptoms in the adult population.
The results are in line with a meta-analysis, which grouped
psychoticism from EPQ and agreeableness from the Big Five
Model into ‘agreeable inhibition’. It reported a significant
positive association between this trait and ADHD symptoms
(both IA and HI) in clinical and community samples (Gomez
and Corr, 2014).

This work has strengths and limitations that should be
acknowledged. As often observed in psychiatric research
in the general population, the distribution of outcomes in
our study was often positively skewed and inflated at zero.
More conventional statistical models, which require nor-
mally distributed residuals, provide a poor fit for such data
and may lead to incorrect conclusions. We therefore used
the HNB model, which provides the advantage of using two
sub-models, one investigating the probability of non-zero
scores, and the second investigating the distribution of non-
zero scores. We found that several effects were seen in both
models, which indicate that age, sex, childhood ADHD, anx-
iety symptoms, and personality traits influence the whole
dimension of ADHD symptoms in the adult population. As
another strength, this study used data from the NBS, a
population-based study set-up with the aim of obtaining a
universal reference population and for studying population
traits. It has large sample size and covers a broad age
range (21-97 years), which provides a good opportunity to
examine the natural distribution of ADHD symptomatology
across the lifespan. However, our data came from the
second survey of NBS, with some selective dropout in terms
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of consent and response, which may limit somewhat the
generalizability of our findings to the general population. In
particular, the participants of the current study represent a
relatively well-educated part of the population with higher
socioeconomic status and potentially less psychiatric mor-
bidity than the average of the population. Unfortunately,
NBS did not hold information on diagnostic status for ADHD
in childhood and for the participants with more than five
current IA/HI symptoms. We kept these participants, who
were probable-ADHD patients in the analysis; which may
have caused some bias. However, this being only a small
precentage, we do not expect that it influenced our results.
Another limitation is that ADHD symptoms were assessed
with a self-report questionnaire without information on
impairment, and childhood symptoms were assessed by ret-
rospective recall. Such data may be subjects to recall bias.

In this study, we did observe relatively strong associations
among anxiety, personality traits, and self-reported adult
ADHD symptoms. An important point to be investigated in
the future based on those findings is the direction of effects
and the underlying mechanisms. An earlier study in Turkish
university students reported that extraversion and neuroti-
cism affected the association between ADHD symptoms and
anxiety symptoms, suggesting mediation by the personal-
ity factors (Evren et al., 2017). Longitudinal studies would
be optimal to investigate causal relationships amongst the
phenotypes in the future. Moreover, using the raw scores of
ADHD questionnaire instead of the ADHD symptoms would
lead a better presentation of the trait nature of ADHD in
the general population.

In conclusion, our data suggest that ADHD symptoms in
the general population are influenced by childhood ADHD
symptoms, age, sex, and personality traits, just like the
clinical diagnosis of ADHD. This strengthens the evidence
that ADHD symptoms in the population have similar relation-
ships with other phenotypes as the clinical extreme of the
continuum - also in adults. An interesting future prospect
arising from these findings is the possibility to perform gene-
finding studies for ADHD in population samples, which are
easier to collect in larger numbers than clinical samples.
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