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Abstract: (1) Background: Attention deficit hyperactivity disorder (ADHD) constitutes one of the
leading mental health and behavioral disorders in childhood and adolescence. The main objective of
this study was to analyze the time trend in the incidence of ADHD diagnoses in Navarre (Spain) from
2003 to 2019 in children and adolescents from 5 to 19 years old. Additionally, the seasonal trends
of ADHD incidence and ADHD prevalence were determined. (2) Methods: A population-based
observational retrospective study, which included people born between 1991 and 2011 and who
attended compulsory education between 2007 and 2017 in Navarre (Spain), was carried out with
data from both the Education and Health Department databases. (3) Results: The incidence rate
increased from 4.18 cases per 1000 person-years in 2003 to 7.43 cases per 1000 person-years in 2009,
before decreasing progressively to 2.1 cases per 1000 person-years in 2019. A peak incidence rate
at 7-8 years of age was observed, which is consistent across the study period and for both genders.
Males were more than twice as likely to be diagnosed with ADHD than females, with similar time
trends in both. A seasonal pattern in ADHD diagnosis was found, with peaks in February—March and
the lowest rates in the summer months. Inattentive cases were much more frequent than hyperactive
cases, whereas combined cases remained low across the study period. (4) Conclusions: In this
age-period-cohort analysis, a clear period and age effect was observed. We found a decreasing trend
in the ADHD incidence rate since 2015. Further research is needed to confirm whether a change of
trend is occurring globally.

Keywords: attention deficit hyperactivity disorder; hyperactivity; inattention; behavior disorder

1. Introduction

Attention deficit hyperactivity disorder (ADHD) constitutes one of the leading mental
health and behavioral disorders in childhood and adolescence. The American Psychiatric
Association’s Fifth Edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) defines ADHD in children younger than age 17 years as the presence of six
or more symptoms in either the inattentive or hyperactive and impulsive domains, or
both [1]. The etiology of ADHD is uncertain. The diagnosis is mainly based on clinical
signs and symptoms, as there is no sound evidence for specific analytical alterations.
Therefore, even with clear-cut diagnostic criteria, there is a potential risk of overdiagnosis
and underdiagnosis [2].

ADHD shows a marked heterogeneity at clinical, aetiological, and pathophysiological
levels [2]. The likelihood of being diagnosed with ADHD has been associated with multiple
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factors, such as the diagnostic classification used [3,4], being born in the later months
of the school year as compared to the early months [5,6], socio-economic status [7-9],
race/ethnicity [10], the characteristics of the home environment [7], and parental history of
ADHD diagnosis [8].

Gender differences in ADHD diagnosis have also been documented, with girls being
less likely to be diagnosed [11]. In childhood, the prevalence of ADHD in boys is 2-2.5 times
higher than its prevalence in girls, and by adulthood this ratio becomes closer to equal [12].

An association between the month of birth and the likelihood of being diagnosed with
ADHD has also been identified [5,6,13]. However, the potential impact of seasonality in
ADHD diagnosis has not yet been investigated.

Several studies and systematic reviews have been conducted to estimate the preva-
lence of ADHD, reporting highly variable rates, which may be attributable to differences
in the population studied, the diagnostic criteria used, sources of information, and the
methodology, among other factors [14]. Systematic reviews analyzing the evidence pub-
lished between the 1970s and the first decade of the 2000s obtained an ADHD prevalence
of 5.3% and 7.2% in children and adolescents up to 18 years of age worldwide [15,16].
Another review that included studies published between 1985 and 2012 estimated a world-
wide ADHD prevalence of 3.4% (95% CI 2.6-4.5) for children and adolescents in the same
age range [17]. A recently published review covering the period 2003-2020 reported a
prevalence of 3.7% (95% CI 2.3-5.7%) in children and adolescents up to 18 years of age from
high-income countries [18]. The variability observed in the ADHD prevalence estimates
may also be influenced by the studied time period; therefore, analyzing the trends in
ADHD diagnoses over time is of particular interest.

Differences in the ADHD prevalence have also been identified in the different ge-
ographic regions [19]. The ADHD prevalence in people under 18 years of age in Spain
would be 6.8% (95% CI 4.9-8.8%) according to a review published in 2012 [20]. However,
scarce data are available regarding the tendency of ADHD diagnoses over time in Spain.

Most of the studies analyzing the ADHD incidence in the long term reported an
increasing trend in the incidence rate over the course of the years studied [21-25]. In
contrast, a study including children and adolescents aged 4-17 years from Catalonia (Spain)
did not observe a statistically significant increase in the incidence of ADHD diagnoses
between 2009 and 2017 [26].

ADHD medication use also experienced an increasing tendency over the years, with
rates varying in the different countries. A population-based study including 13 countries
worldwide found that the prevalence of ADHD medication use in children aged 3-18 years
ranged between 0.3% and 6.7% in 2010, with an increasing tendency over time both in
children and adults. North America had the highest prevalence of ADHD medication [27].
A seasonal pattern on the use of ADHD medication has been observed in many published
studies, with use being lower during the summer months [28,29].

Knowledge about the trends in ADHD diagnoses is essential to organize health
resources with a forward-looking approach. To our knowledge, few studies have been
carried out with the aim to analyze the time trend incidence of ADHD in Spain, and
none of those studies included an extended period of time. Additionally, the potential
impact of seasonality in ADHD diagnosis has not been evaluated to date. Therefore, the
main objective of this study was to analyze the time trend in the incidence of ADHD
diagnoses from 2003 to 2019 according to calendar year, patients’ age at the time of ADHD
diagnosis, and gender. The secondary objectives were to analyze: (1) the incidence of
ADHD diagnoses according to the ADHD presentation; (2) the monthly variation of the
ADHD incidence (seasonal trend), also according to the clinical setting where the ADHD
diagnosis was registered; and (3) the time trend of the prevalence of the ADHD diagnosis,
also differentiating by the patients” age and gender.
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2. Materials and Methods
2.1. Data Source

An observational retrospective study was carried out with data from the database of
the Education Department in Navarre (EDUCA) and the Navarre Health Service popula-
tion database (BARDENA). Both databases were linked, matching and anonymizing the
subjects. Inconsistencies were solved by creating decision algorithms and using automatic
probabilistic methods.

2.2. Participants and Follow-Up

The study included people who were born between 1991 and 2011, were entitled to
public health services, and who also attended at least one annual course of compulsory ed-
ucation between 2007 and 2017 in public schools or centers subsidized by the Government
of Navarre (in this period there was only one non-subsidized private center in Navarre).
Students who held health insurance different from that provided by the National Health
System (primarily public mutualities) were excluded from the study.

The follow-up of children started at the age of 5 years. Follow-up ended in the event of
death or the end of compulsory education or health data availability (whichever occurred
later), and ended, in any case, at the age of 20 years or on 20 November 2019 (end of the
study period).

2.3. ADHD Diagnostic Codes and Study Variables

ADHD diagnoses from both Primary Care [through the International Classification of
Primary Care-2 (ICPC-2)] and Specialized Care [through the 10th Revision of the Interna-
tional Classification of Diseases (ICD-10)] were considered (Table S1). Two reviewers (LL
and LCS) independently carried out an individual validation of the ADHD diagnoses by
revising the literal text associated with the ICPC codes. Unconfirmed or doubtful cases of
ADHD were excluded. The diagnosis date was the date when the ADHD diagnosis was
first registered either in Primary or Specialized Care.

Registered variables included the patients” age, gender, nationality, ADHD diagnosis,
date of diagnosis, the clinical setting in which the ADHD was diagnosed (Primary or
Specialized Care), and the ADHD presentation profile (hyperactive/impulsive, inattentive,
combined or undetermined /unknown).

2.4. Data Analyses

Median and interquartile range (IQR) were calculated for continuous variables, and
proportion and confidence interval for dichotomous variables.

2.4.1. ADHD Incidence

The ADHD incidence rate was calculated as the ratio of incident cases per 1000 person-
years of exposure. The ADHD incidence was described according to the patients” age at
the time of the ADHD diagnosis, their gender, and the calendar year in biennial groups.
Results were also provided according to the ADHD profile. Age-period-cohort (APC)
regression models were performed to investigate how ADHD incidence was affected by
age at the time of ADHD diagnosis, period of ADHD diagnosis and cohort of birth [30].

Additive time series decomposition and Poisson regression models were developed
to describe the evolution of ADHD incidence according to gender, age, calendar month
and year-period of ADHD diagnosis.

Decomposition of the monthly time series of the standardized ADHD incidence rate
was represented according to the calendar year, showing separately the observed cases,
trend, seasonality and the random error. Results were also shown according to the clinical
setting of the ADHD diagnosis. The seasonality of the incidence of ADHD in women and
men was analyzed using box diagrams showing the incidence of new diagnoses throughout
the different months of the year.
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2.4.2. ADHD Prevalence

The prevalence of ADHD diagnosis was provided for four different time points across
the study period: 2007, 2011, 2015 and 2019. Results were also shown according to the
patients” age and gender. As for the analyses of the prevalence, the patients’ follow-up and,
where possible, the closing/ending of the ADHD diagnoses were considered.

All the analyses were made using R software (fastLink, Epi and apc packages) [30-32].

2.5. Study Approval

The study protocol was approved by the Ethics Committee of the Government of
Navarre, Spain, in 2016 (project 2016/73).

3. Results

During the study period, 124,582 individuals were part of the cohort (1,167,478 person-
years), of which 51.2% were males. The majority were Spanish (82.8%), followed by Latin
Americans (7.6%). The median follow-up was 11 years (IQR: 7-15). A total of 7391 ADHD
cases were detected (5363 males and 2028 females).

The ADHD cases, person-years and incident rate in biennial groups are shown in
Table S2. The maximum incidence rate was reached in 2009. The rate increased from
4.18 cases per 1000 person-years in 2003 to 7.43 in 2009, and decreased progressively to
2.21 cases per 1000 person-years in 2019. The incidence of ADHD diagnosis according to
gender, age at the time of ADHD diagnosis and calendar year is shown in Table 1. The
incidence rate was significantly higher in males than in females for most of the age range
and analyzed years, except in some upper extreme ages in which significant differences
were not observed; this was probably due to the lower number of participants in these age
ranges. Throughout the study period, the highest incidence rate occurred in children aged
7-8 years. The overall incidences of ADHD diagnosis at age-specific rates by period of
diagnosis or by date of birth, and at period/cohort specific rates by age, are represented in
Figure 1. Figure S1 represents the overall incidence of ADHD according to age at ADHD
diagnosis and calendar year, with the findings differentiated by gender.

Table 1. Incidence rate of Attention deficit hyperactivity disorder (ADHD) diagnosis according to calendar year, patients’

age at the time of ADHD diagnosis, and gender.

Incidence Rate (Per 1000 Persons)

Calendar Year Age at the Time of ADHD Diagnosis (Years) p-Value
Overall Males Females
5 3.26 4.76 1.69 <0.01
7 5.42 8.53 2.26 <0.01
9 4.85 8.26 1.22 <0.01
11 3.27 525 1.06 <0.01
2003
13 0.63 1.18 0.00 -
15 - - - -
17 - - - -
19 - - - -
5 6.29 9.90 2.52 <0.01
7 8.99 13.08 4.77 <0.01
9 7.05 11.07 3.02 <0.01
11 5.91 9.30 2.35 <0.01
2005
13 6.07 10.64 1.07 <0.01
15 1.27 241 0.00 -
17 - - - -

19 - - - -
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Table 1. Cont.

Incidence Rate (Per 1000 Persons)

Calendar Year Age at the Time of ADHD Diagnosis (Years) p-Value
Overall Males Females
5 8.07 11.71 4.35 <0.01
7 12.02 17.15 6.77 <0.01
9 7.73 11.69 3.73 <0.01
2007 11 6.41 9.61 3.26 <0.01
13 4.81 8.01 1.51 <0.01
15 1.65 2.35 091 0.07
17 1.96 2.50 1.36 1
19 - - - -
5 7.69 11.37 3.82 <0.01
7 12.50 17.47 7.54 <0.01
9 9.77 13.15 6.35 <0.01
2009 11 6.34 9.96 2.74 <0.01
13 6.67 9.54 3.89 <0.01
15 3.29 3.76 2.82 0.33
17 0.81 1.04 0.56 0.51
19 - - - -
5 8.34 12.48 4.11 <0.01
7 13.49 19.00 7.83 <0.01
9 8.16 10.14 6.22 <0.01
2011 11 7.16 10.16 4.17 <0.01
13 6.99 10.51 3.53 <0.01
15 3.31 4.62 2.04 <0.01
17 1.69 245 0.92 0.03
19 2.95 3.61 2.24 0.36
5 6.96 9.52 4.26 <0.01
7 11.43 15.15 7.68 <0.01
9 10.21 14.41 5.99 <0.01
2013 11 6.19 9.52 2.94 <0.01
13 7.08 10.74 3.48 <0.01
15 4.42 6.47 2.44 <0.01
17 1.65 2.01 1.31 0.29
19 3.75 6.00 1.50 <0.01
5 5.38 8.22 2.42 <0.01
7 10.84 15.41 6.09 <0.01
9 8.78 11.90 5.67 <0.01
2015 11 5.69 8.47 292 <0.01
13 6.85 10.49 3.37 <0.01
15 3.87 4.61 3.16 0.1
17 1.96 227 1.67 0.42

19 4.01 5.96 2.19 <0.01




Int. J. Environ. Res. Public Health 2021, 18, 9208 6 of 12

Table 1. Cont.

Incidence Rate (Per 1000 Persons)

Calendar Year Age at the Time of ADHD Diagnosis (Years) p-Value
Overall Males Females
5 7.16 11.06 3.04 <0.01
7 8.66 13.05 4.15 <0.01
9 6.16 7.94 4.33 <0.01
11 4.19 5.82 2.58 <0.01
2017

13 418 6.17 222 <0.01
15 2.59 3.12 2.10 0.18
17 1.45 1.34 1.55 0.85
19 2.19 3.19 1.26 0.07
5 - - - -

7 4.23 591 2.49 0.03
9 271 427 1.14 <0.01
11 1.96 2.76 1.16 0.14

2019

13 1.64 221 1.08 0.2
15 143 2.45 0.50 0.03
17 1.71 1.87 1.57 1
19 0.76 0.86 0.69 1

111

Figure 1. Rates of ADHD (per 1000 person-years) in Navarre 20032019 in ages 5-19 years. (Top left): age-specific
rates by period of diagnosis. (Top right): age-specific rates by date of birth. (Bottom left): period-specific rates by age.
(Bottom right): cohort-specific rates by age.

The age-period-cohort model is shown in Figure 2 and the results for the goodness of
fit for the models are shown in Table S3. The Poisson regression analysis used to model
the effect of gender and the various time components (age, month and year period) on the
ADHD incidence is shown in Figure S2 and Table S4. A period effect is evidenced, with
a lower risk of ADHD diagnosis at the extremes of the period distribution, and a higher
risk between 2007 and 2015. However, a marked cohort effect is not observed. Age effects
showed a medium rate at the age of 5, increasing to the highest risk at the age of 7, and a
progressively decreasing rate from there to older ages. These effects were similar in males
and females. An effect of gender (incidence rate ratio male:female 2.55:1), age (maximum
at 7 years old), period (maximum in 2013), and season (maximum in February and March)
on the risk of being diagnosed with ADHD was observed.
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Figure 2. Age-period-cohort model. On the left, age-effect in rate scale; on the right, cohort (broken lines) and period (full

lines) effect in risk ratio scale. Male (blue line), female (purple), both (black).

The incidence rate of ADHD diagnosis by calendar year and ADHD profile is shown
in Figure 3. Inattentive cases were much more frequent than hyperactive or combined
cases after 2005. From this time point on, hyperactive cases remained stable or decreased,
while inattentive cases continued increasing until 2012, remained stable and then started

decreasing in 2015.
nattentive
——Hy peractive
Combined
//\//_‘_'_'__‘—'—-—-—-ﬂ""_—‘_'_'_'_“‘——\ Undetermined/inknown
e B
¥, -

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2015 2014 2015 2016 2017 2018 2019

Year

Figure 3. Incidence of Attention deficit hyperactivity disorder (ADHD) diagnosis by calendar year and ADHD profile (both
males and females) (2019 data up to 20 November).

Figure 4 represents the decomposition of the monthly time series of the standardized
ADHD incidence rate by calendar year. The observed seasonal pattern remained very stable
throughout the entire study period, except at the initial and final extremes. Removing the
seasonal effect, the trend showed a progressive increase in incidence from 2003 to 2009
(with a decrease in 2007 and a subsequent increase), a plateau until 2015 and a decrease
until the end of the study period.
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Figure 4. Decomposition of the monthly time series of the standardized Attention deficit hyperactivity disorder (ADHD)
incidence rate by calendar year (both males and females).

The incidence of new diagnoses throughout the different months in males and females
are shown in Figure S3. The seasonal pattern was similar in both genders, with peaks in
February and March and the lowest values in July-September, coinciding with the summer
academic break.

Data according to the clinical setting of the ADHD diagnosis are shown in Figure S4.
Specialized Care did not diagnose ADHD until 2011, with a significant increase in diagnoses
in 2014. Until then, most diagnoses were made in Primary Care, and after the incursion of
Specialized Care they continued with the same rate of diagnoses.

Data for the prevalence of ADHD diagnoses are shown in Table S5 and Figure S5. The
overall prevalence was 2.4% in 2007, 4.1% in 2011, 5.3% in 2015 and 5.9% in 2019. The
prevalence progressively increased from 2007 to 2019, although incidence has decreased in
recent years. Consequently, the age with the highest prevalence has varied over time, being
11 years in 2007 and 2011, 15 years in 2015, and 19 years in 2019. The ADHD prevalence
was significantly higher in males than in females except in some extreme age ranges.

4. Discussion

This observational study with a 16-year follow-up showed remarkable findings on the
incidence of ADHD in children and adolescents in a Spanish region, regarding temporal
changes and the effect of age, gender, or the setting of diagnosis. We observed a clear
period, gender and age effect.

ADHD incidence increased by 77% from 2003 to 2009. After a plateau period, it
started decreasing in 2015, reaching rates in 2019 even lower than those at the beginning
of the study. So far, most epidemiological studies on ADHD incidence have shown a
continuously increasing temporal trend, which is not in line with the decreasing trend
observed in Navarre over the last few years [21-25]. In contrast, and similarly to our study,
a large population-based study in Israel found a dramatic increase in the rate of ADHD
diagnoses from 2005, peaking in 2011, before declining in 2014 [33]. A population-based
study in Catalonia (Spain) between 2009 and 2017 showed similar ADHD incidence rates,
and did not find a significant increase during the study period [26]. These differences could
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be explained by the fact that these studies do not cover the latter period, or by differences
in ADHD diagnostic criteria, the studied population or methodological procedures.

The shifts in temporal trends of ADHD incidence observed in our study may be
in part related to several contextual factors. The approval of ADHD medication could
indirectly have had an impact on the increase in the new ADHD diagnoses observed in
the first period. Moreover, the increasing awareness among the parents, teachers and
healthcare professionals about ADHD occurrence at early years may explain this tendency.
However, the efforts made in recent years for the early detection of signs of inattention and
hyperactivity in children could have facilitated the adoption of early measures both in the
childrens” home and school environments, avoiding the need for intervention by health
professionals and thus contributing to a deceleration of identification of new confirmed
ADHD cases.

The ADHD prevalence increased over the years from 0.15% to 8.74% according to age
and calendar year. The age with the highest prevalence also increased as the study period
progressed; this was due to the decrease in incidence rate in recent years.

A systematic review including studies published between 1980 and 2011 showed
an ADHD pooled-prevalence of 6.8% in children and adolescents under 18 years from
Spain [20], which is slightly higher than our results, although the review did not analyze
data from the most recent years. A further study showed that the prevalence of ADHD in
children aged 4 to 17 years from Catalonia (Spain) was 4.1% in 2017, which is lower than
was observed in our study [26]. Differences in the source of the data, diagnostic criteria or
sociodemographic factors could explain the differences in the prevalence estimates.

The age effect, with a peak incidence rate at 7-8 years and progressively decreasing
afterwards, is consistent across the study period. Previous studies in different locations
found a similar distribution, with ADHD diagnosis most commonly observed during
primary school years (especially between 7 and 9 years) [23,24,34]. It is unknown if this
disorder commonly develops or first manifests around this time or if a preexisting ADHD
is more likely to be recognized as a problem during a child’s early years of formal schooling,
a time when it has a more disruptive impact [23].

A clear gender effect was also found, with a generally higher ADHD incidence and
prevalence in males. These findings are consistent with results from previous studies
that have typically found ADHD to be 2—4 times more common in males than in fe-
males [21,23,26,34].

A well-defined seasonal pattern was observed in the diagnosis of ADHD, with peaks
of incidence in February and March and lower values in July-September, coinciding with
the summer school holidays. Although many published studies have shown a seasonal
pattern on the ADHD medication use (use being lower during the summer months) [28,29],
we have found the first evidence of a seasonal trend in ADHD diagnosis. This reinforces the
idea that ADHD diagnosis is linked to the disruption it produces in the school environment
or in academic performance. Related to this, previous studies have found that the youngest
children in their grades were more likely to receive an ADHD diagnosis [5,6,13].

As for the gender factor, trends are very similar throughout the periods, months of
the year and age at diagnosis, but always with higher rates in males. Some studies have
found the same pattern [23,24], although others, like a population-based study in Denmark,
found that ADHD incidence peaked earlier in boys than in girls (8 vs. 17 years of age) [34].

Since 2005, inattentive cases have been much more frequent than hyperactive cases,
and their incidence rate continued increasing until 2012. Combined cases remained low
across the study period. This relevant finding seems to confirm that current ADHD
diagnoses differ to a high extent from the original hyperactive disorder as defined in the
late 1960s by the DSM-II, showing a closer connection to academic performance at present.

Information bias in our sources may exist due to a possible absence of ADHD diagnosis
records when those records have been made in private health centers. This motivated the
exclusion of the people whose diagnosis, treatment and /or monitoring were carried out in
private health centers. However, even in these cases, the patient’s general practitioner or
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Primary Care pediatrician of the National Health System usually includes this diagnosis in
the clinical record. The diagnoses of Primary Care may have a closing or completion date,
while those of Specialized Care always remain active in the system. This can lead to some
inaccuracies in the prevalence data, although the impact is limited, given that not many
diagnoses are expected to be reversed during adolescence. Another potential limitation
is related to the fact that, according to our protocol design, some population ages are not
represented in the extreme dates of the considered time interval. However, any potential
bias was minimized by the use of incidence rates within each age.

Despite these limitations, to our knowledge, this is the first age-period-cohort analysis
to assess temporal changes in the incidence of ADHD, and one of the first to study ADHD
incidence over an extended time period in Spain, including the most recent years. Spain’s
National Health System provides universal access to health services for all children and
adolescents, so the cohort includes most of the population, regardless of their socioeconomic
status, place of birth or racial/ethnic identification. The electronic health record of the
National Health System is probably the most ideal of all data sources in Spain to study
temporal changes of a medical condition such as ADHD. Moreover, the diagnoses are very
reliable, as the codes were individually validated, and unconfirmed or doubtful cases of
ADHD were excluded. We also stratified the analyses by ADHD subtypes (predominantly
inattentive, predominantly hyperactive/impulsive, and combined patterns), which has
not been reported in most ADHD incidence studies. Finally, a substantial number of
participants, together with a long follow-up period, provided the obtained results with
adequate accuracy.

5. Conclusions

In this age-period-cohort analysis of a population-based study, a clear period and
age effect was observed. The period effect showed an incidence increase in the first years,
followed by a plateau period, and then a progressive decrease in the last years. Further
research should confirm whether there has been a global change in trend in recent years.
The age effect, with a peak incidence rate at 7-8 years of age is consistent across the study
period and for both genders. The well-known predominance of ADHD diagnoses in males
was also observed, along with similar time trends in males and females. Clear evidence
for a seasonal pattern in ADHD diagnosis was found for the first time, with peaks in
February-March and the lowest rates in the summer months. Inattentive cases were much
more frequent than hyperactive cases, and combined cases remained low across the study
period.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/1ijerph18179208 /s1. Table S1: Attention deficit hyperactivity disorder (ADHD) diagnostic
codes. Table S2: Biennial Attention deficit hyperactivity disorder (ADHD) cases, person-years and
incidence rate. Table S3: Goodness of fit of the age-period-cohort model. Table S4: Modeling of
the effect of age, gender, year period and month on the incidence rate ratio of Attention deficit
hyperactivity disorder (ADHD) (Poisson regression). Table S5: Prevalence of Attention deficit
hyperactivity disorder (ADHD) diagnosis according to calendar year, patients’ age at the time
of ADHD diagnosis and gender. Figure S1: Incidence of Attention deficit hyperactivity disorder
(ADHD) diagnosis according to age at the time of ADHD diagnosis and calendar year. Top: MALES.
Bottom: FEMALES. Figure S2: Modeling of the effect of age, gender, year period and month on
the incidence of Attention deficit hyperactivity disorder (ADHD) (Poisson regression). Reference
categories: year 2003, month 01 (January), age 5. Estimates >1 represent higher incidences. Figure S3:
Seasonality of Attention deficit hyperactivity disorder (ADHD) incidence. Left: FEMALES. Right:
MALES. Figure S4: Decomposition of the monthly time series of the standardized Attention deficit
hyperactivity disorder (ADHD) incidence rate by calendar year (both males and females) (2019 data
up to 20 November). Top: ADHD diagnoses from PRIMARY CARE. Bottom: ADHD diagnoses from
SPECIALIZED CARE. Figure S5: Prevalence of Attention deficit hyperactivity disorder (ADHD)
diagnosis according to calendar year and patients’ age at the time of ADHD diagnosis (both males
and females).


https://www.mdpi.com/article/10.3390/ijerph18179208/s1
https://www.mdpi.com/article/10.3390/ijerph18179208/s1

Int. J. Environ. Res. Public Health 2021, 18, 9208 11 of 12

Author Contributions: Conceptualization, L.C.S., ].E. and J.L.; Data curation, O.A. and J.L.; Formal
analysis, O.A. and ].L.; Funding acquisition, ].E.; Methodology, L.L., O.A.,, M.G.-V,,L.C.S,, J.E. and
J.L.; Software, O.A. and ].L.; Supervision, L.L., M.G.-V,, L.C.S,, J.E. and J.L,; Validation, L.L., M.G.-V.,
L.C.S,, J.E. and ]J.L.; Writing—original draft, L.L. and M.G.-V.,; Writing—review & editing, L.L.,
0.A,M.G.-V,, L.CS, J.E. and J.L. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by the Government of Navarre (Spain), Resolucién 1519/2017,
project n°50.

Institutional Review Board Statement: The study was approved by the Ethics Committee of the
Government of Navarre, Spain, in 2016 (project 2016/73).

Informed Consent Statement: Patient consent was waived.

Data Availability Statement: Data were obtained from the Navarre Health Service and the Education
Department in Navarre. Restrictions apply to the availability of these data.

Acknowledgments: Special thanks to Javier Gorricho for providing data from the Navarre Health
Service population database (BARDENA), and to the Education Department in Navarre for providing
data from EDUCA database.

Conflicts of Interest: Olast Arrizibita is an employee of NNBi, carrying out activities not directly
related to the work presented. The authors declare no conflict of interest. The funder had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results.

References

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association:
Arlington, VA, USA, 2013.

2. Thapar, A.; Cooper, M. Attention deficit hyperactivity disorder. Lancet 2016, 387, 1240-1250. [CrossRef]

3. Saiz, L.C. Psicoestimulantes para el TDAH: Analisis integral para una medicina basada en la prudencia. Rev. Asoc. Esp. Neuropsiq
2018, 38, 301-330.

4.  Dopfner, M.; Breuer, D.; Wille, N.; Erhart, M.; Ravens-Sieberer, U. How often do children meet ICD-10/DSM-1V criteria of
attention deficit-/hyperactivity disorder and hyperkinetic disorder? Parent-based prevalence rates in a national sample—Results
of the BELLA study. Eur. Child. Adolesc. Psychiatry 2008, 17, 59-70. [CrossRef]

5. Sayal, K.; Chudal, R.; Hinkka-Yli-Salomiki, S.; Joelsson, P.; Sourander, A. Relative age within the school year and diagnosis of
attention-deficit hyperactivity disorder: A nationwide population-based study. Lancet Psychiatry 2017, 4, 868-875. [CrossRef]

6.  Morrow, R.L.; Garland, E.J.; Wright, ].M.; Maclure, M.; Taylor, S.; Dormuth, C.R. Influence of relative age on diagnosis and
treatment of attention-deficit/hyperactivity disorder in children. Can. Med. Assoc. |. 2012, 184, 755-762. [CrossRef]

7. Russell, AE,; Ford, T.; Russell, G. Socioeconomic associations with ADHD: Findings from a mediation analysis. PLoS ONE 2015,
10, 0128248. [CrossRef]

8.  Rowland, A.S,; Skipper, B.]J.; Rabiner, D.L.; Qeadan, F.; Campbell, R.A.; Naftel, A.J.; Umbach, D.M. Attention-Deficit/Hyperactivity
Disorder (ADHD): Interaction between socioeconomic status and parental history of ADHD determines prevalence. J. Child.
Psychol. Psychiatry Allied Discip. 2018, 59, 213-222. [CrossRef]

9.  Choi, Y,; Shin, J.; Cho, K.H.; Park, E.C. Change in household income and risk for attention deficit hyperactivity disorder during
childhood: A nationwide population-based cohort study. J. Epidemiol. 2017, 27, 56-62. [CrossRef]

10. Cénat, ].M.; Blais-Rochette, C.; Morse, C.; Vandette, M.P.; Noorishad, P.G.; Kogan, C.; Ndengeyingoma, A.; Labelle, P.R. Prevalence
and Risk Factors Associated with Attention-Deficit/Hyperactivity Disorder among US Black Individuals: A Systematic Review
and Meta-analysis. JAMA Psychiatry 2021, 78, 21-28. [CrossRef] [PubMed]

11.  Kooij, ].J.S.; Bijlenga, D.; Salerno, L.; Jaeschke, R.; Bitter, I.; Balazs, J.; Thome, J.; Dom, G.; Kasper, S.; Nunes Filipe, C.; et al.
Updated European Consensus Statement on diagnosis and treatment of adult ADHD. Eur. Psychiatry 2019, 56, 14-34. [CrossRef]

12.  Hinshaw, S.P,; Nguyen, P.T.; O’Grady, S.M.; Rosenthal, E.A. Annual Research Review: Attention-deficit/hyperactivity disorder in
girls and women: Underrepresentation, longitudinal processes, and key directions. J. Child. Psychol. Psychiatry Allied Discip. 2021.
[CrossRef] [PubMed]

13.  Chen, M,; Huang, K.; Hsu, J.; Tsai, S.; Su, T.; Chen, T.; Bai, Y. Effect of Relative Age on Childhood Mental Health: A Cohort of
9,548,393 Children and Adolescents. Acta Psychiatr. Scand. 2021, 144, 168-177. [CrossRef]

14. Posner, J.; Polanczyk, G.V.; Sonuga-Barke, E. Attention-Deficit Hyperactivity Disorder. Lancet 2020, 395, 450-462. [CrossRef]

15. Thomas, R.; Sanders, S.; Doust, J.; Beller, E.; Glasziou, P. Prevalence of attention-deficit/hyperactivity disorder: A systematic
review and meta-analysis. Pediatrics 2015, 135, €994-e1001. [CrossRef]

16. Polanczyk, G.; De Lima, M.S.; Horta, B.L.; Biederman, J.; Rohde, L.A. The worldwide prevalence of ADHD: A systematic review

and metaregression analysis. Am. J. Psychiatry 2007, 164, 942-948. [CrossRef]


http://doi.org/10.1016/S0140-6736(15)00238-X
http://doi.org/10.1007/s00787-008-1007-y
http://doi.org/10.1016/S2215-0366(17)30394-2
http://doi.org/10.1503/cmaj.111619
http://doi.org/10.1371/journal.pone.0128248
http://doi.org/10.1111/jcpp.12775
http://doi.org/10.1016/j.je.2016.09.004
http://doi.org/10.1001/jamapsychiatry.2020.2788
http://www.ncbi.nlm.nih.gov/pubmed/32902608
http://doi.org/10.1016/j.eurpsy.2018.11.001
http://doi.org/10.1111/jcpp.13480
http://www.ncbi.nlm.nih.gov/pubmed/34231220
http://doi.org/10.1111/acps.13327
http://doi.org/10.1016/S0140-6736(19)33004-1
http://doi.org/10.1542/peds.2014-3482
http://doi.org/10.1176/ajp.2007.164.6.942

Int. J. Environ. Res. Public Health 2021, 18, 9208 12 of 12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Polanczyk, G.V.; Salum, G.A.; Sugaya, L.S.; Caye, A.; Rohde, L.A. Annual research review: A meta-analysis of the worldwide
prevalence of mental disorders in children and adolescents. |. Child. Psychol. Psychiatry Allied Discip. 2015, 56, 345-365. [CrossRef]
Barican, J.L.; Yung, D.; Schwartz, C.; Zheng, Y.; Georgiades, K.; Waddell, C. Prevalence of childhood mental disorders in
high-income countries: A systematic review and meta-analysis to inform policymaking. Evid. Based. Ment. Health 2021, 1-9.
[CrossRef]

Akmatov, M.K,; Steffen, A.; Holstiege, J.; Hering, R.; Schulz, M.; Bétzing, J. Trends and regional variations in the administrative
prevalence of attention-deficit/hyperactivity disorder among children and adolescents in Germany. Sci. Rep. 2018, 8, 17029.
[CrossRef]

Catala-Lopez, E; Peir6, S.; Ridao, M.; Sanfélix-Gimeno, G.; Génova-Maleras, R.; Catala, M.A. Prevalence of attention deficit
hyperactivity disorder among children and adolescents in Spain: A systematic review and meta-analysis of epidemiological
studies. BMC Psychiatry 2012, 12, 168. [CrossRef]

Vasiliadis, H.M.; Diallo, EB.; Rochette, L.; Smith, M.; Langille, D.; Lin, E.; Kisely, S.; Fombonne, E.; Thompson, A.H.; Renaud, J.;
et al. Temporal Trends in the Prevalence and Incidence of Diagnosed ADHD in Children and Young Adults between 1999 and
2012 in Canada: A Data Linkage Study. Can. J. Psychiatry 2017, 62, 818-826. [CrossRef]

Cybulski, L.; Ashcroft, D.M.; Carr, M.].; Garg, S.; Chew-Graham, C.A.; Kapur, N.; Webb, R.T. Temporal trends in annual incidence
rates for psychiatric disorders and self-harm among children and adolescents in the UK, 2003-2018. BMC Psychiatry 2021, 21, 229.
[CrossRef] [PubMed]

Hire, AJ.; Ashcroft, D.M.; Springate, D.A.; Steinke, D.T. ADHD in the United Kingdom: Regional and Socioeconomic Variations
in Incidence Rates Amongst Children and Adolescents (2004-2013). J. Atten. Disord. 2018, 22, 134-142. [CrossRef]

Jensen, C.M.; Steinhausen, H.C. Time trends in incidence rates of diagnosed attention-deficit/hyperactivity disorder across 16
years in a nationwide Danish registry study. J. Clin. Psychiatry 2015, 76, e334—e341. [CrossRef]

Chien, I.C; Lin, C.H.; Chou, Y.J.; Chou, P. Prevalence, incidence, and stimulant use of attention-deficit hyperactivity disorder in
Taiwan, 1996-2005: A national population-based study. Soc. Psychiatry Psychiatr. Epidemiol. 2012, 47, 1885-1890. [CrossRef]
Pérez-Crespo, L.; Canals-Sans, J.; Suades-Gonzalez, E.; Guxens, M. Temporal trends and geographical variability of the prevalence
and incidence of attention deficit/hyperactivity disorder diagnoses among children in Catalonia, Spain. Sci. Rep. 2020, 10, 6397.
[CrossRef] [PubMed]

Raman, S.R.; Man, KK.C.; Bahmanyar, S.; Berard, A.; Bilder, S.; Boukhris, T.; Bushnell, G.; Crystal, S.; Furu, K.; KaoYang, Y.H.; et al.
Trends in attention-deficit hyperactivity disorder medication use: A retrospective observational study using population-based
databases. Lancet Psychiatry 2018, 5, 824-835. [CrossRef]

Cohen, H.A ; Savitsky, B.; Ashkenasi, A.; Hoshen, M. Seasonality of Methylphenidate Administration among Children in Israel.
Isr. Med. Assoc. ]. 2016, 18, 655-660.

Shyu, Y.C.; Lee, S.Y;; Yuan, S.S.; Yang, CJ.; Yang, K.C.; Lee, T.L.; Wang, L.J. Seasonal Patterns of Medications for Treating
Attention-Deficit/Hyperactivity Disorder: Comparison of Methylphenidate and Atomoxetine. Clin. Ther. 2016, 38, 595-602.
[CrossRef] [PubMed]

Carstensen, B. Age-period-cohort models for the Lexis diagram. Stat. Med. 2007, 26, 3018-3045. [CrossRef]

R Development Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing;:
Vienna, Austria, 2012; Available online: http:/ /www.R-project.org/ (accessed on 31 March 2021).

Carstensen, B.; Plummer, M.; Laara, E.; Hills, M. Epi: A Package for Statistical Analysis in Epidemiology. R Package Version 2.44.
2021. Available online: https://CRAN.R-project.org/package=Epi (accessed on 31 March 2021).

Davidovitch, M.; Koren, G.; Fund, N.; Shrem, M.; Porath, A. Challenges in defining the rates of ADHD diagnosis and treatment:
Trends over the last decade. BMC Pediatr. 2017, 17, 218. [CrossRef]

Dalsgaard, S.; Thorsteinsson, E.; Trabjerg, B.B.; Schullehner, J.; Plana-Ripoll, O.; Brikell, I.; Wimberley, T.; Thygesen, M.; Madsen,
K.B.; Timmerman, A.; et al. Incidence Rates and Cumulative Incidences of the Full Spectrum of Diagnosed Mental Disorders in
Childhood and Adolescence. JAMA Psychiatry 2020, 77, 155-164. [CrossRef] [PubMed]


http://doi.org/10.1111/jcpp.12381
http://doi.org/10.1136/ebmental-2021-300277
http://doi.org/10.1038/s41598-018-35048-5
http://doi.org/10.1186/1471-244X-12-168
http://doi.org/10.1177/0706743717714468
http://doi.org/10.1186/s12888-021-03235-w
http://www.ncbi.nlm.nih.gov/pubmed/33941129
http://doi.org/10.1177/1087054715613441
http://doi.org/10.4088/JCP.14m09094
http://doi.org/10.1007/s00127-012-0501-1
http://doi.org/10.1038/s41598-020-63342-8
http://www.ncbi.nlm.nih.gov/pubmed/32286454
http://doi.org/10.1016/S2215-0366(18)30293-1
http://doi.org/10.1016/j.clinthera.2016.01.015
http://www.ncbi.nlm.nih.gov/pubmed/26874787
http://doi.org/10.1002/sim.2764
http://www.R-project.org/
https://CRAN.R-project.org/package=Epi
http://doi.org/10.1186/s12887-017-0971-0
http://doi.org/10.1001/jamapsychiatry.2019.3523
http://www.ncbi.nlm.nih.gov/pubmed/31746968

	Introduction 
	Materials and Methods 
	Data Source 
	Participants and Follow-Up 
	ADHD Diagnostic Codes and Study Variables 
	Data Analyses 
	ADHD Incidence 
	ADHD Prevalence 

	Study Approval 

	Results 
	Discussion 
	Conclusions 
	References

