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ABSTRACT
A controversy exists on whether there is an over or underuse of medications for Attention-Deficit/Hyperactivity Disorder (ADHD). We conducted the first meta-analysis to estimate the rate of ADHD pharmacological treatment in both diagnosed and undiagnosed individuals. Based on a pre-registered protocol (CRD42018085233), we searched a broad set of electronic databases and grey literature. After screening 25,676 abstracts, we retained 36 studies including 104,305 subjects, from which 18 studies met our main analysis criteria. The pooled pharmacological treatment rates, estimated with the DerSimonian and Laird method for random-effect model in R, were 19.1% and 0.9% in school-age children/adolescents with and without ADHD, respectively. We estimated that for each individual using medication without a formal ADHD diagnosis, there are three patients with a formal diagnosis who might benefit from medication but do not receive it in the US. Our results indicate both overtreatment/misuse of medication in individuals without ADHD and pharmacological undertreatment in youths with the disorder. Our findings reinforce the need for public health policies improving education on ADHD and discussions on the benefits and limitations of ADHD medications.
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INTRODUCTION
Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental disorders, characterized by developmentally-inappropriate and impairing inattention and/or hyperactivity-impulsivity.1 The worldwide prevalence of the disorder is estimated at around 5-7% among children/adolescents and 2.5% in adults.2,3 Individuals diagnosed with ADHD are at higher risks of several negative outcomes (e.g., substance misuse,4 car accidents,5 unintentional injuries,6 emergency department visits,7 depression,8 criminality9 and suicide10). They also present a mortality rate of 2.64-fold higher than the one in non-affected individuals,11 although Sun et al. (2019) found that such high mortality rates are mostly but not exclusively driven by comorbidities. (REF) All these consequences, and the substantial economic impact associated with them,12 turn ADHD into a relevant public health problem. However, ADHD diagnosis continues to be controversial in lay media.13,14 In the scientific community, one of the most intense controversies is whether the disorder is under or over-diagnosed,15 and, more importantly, under or over-treated with medications.16–18 
[bookmark: _heading=h.3dy6vkm]Pharmacotherapy for ADHD is supported by meta-analytic evidence, at least in the short-term,19 and recommended as the first-line treatment in most of the international guidelines/practice parameters.20–24 In some of them, pharmacological treatment is reserved for severe cases,25 or as a treatment strategy for patients who have not responded to non-pharmacological interventions.25,26 There has been an increase in the prescription rates of ADHD medications over the last decades, leading to concerns of overdiagnosis and overtreatment.16–18 A large study on the prevalence of ADHD treatment worldwide relied on data referring to treatment-seeking populations. 27 Thus, this investigation could not establish prescription rates of medication for affected and non-affected individuals in the community. As a result, it remains unclear which proportion of patients with ADHD, who may benefit from pharmacological treatment, indeed do receive it and which proportion of non-affected individuals are potentially misusing ADHD medication.  
In this systematic review and meta-analysis, we aimed to estimate the pooled rates of ADHD medication use in both children and adolescents with and without ADHD across continents, filling this critical gap in the literature. To our knowledge, no previous meta-analysis with this objective has been conducted. We hypothesized that global pooled estimates in affected individuals would suggest overall undertreatment of ADHD.

METHODS
We followed the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA),28 and the Meta-Analysis of Observational Studies in Epidemiology (MOOSE).29 The MOOSE checklist is reported in supplemental materials, page 4. The protocol for this study is registered in the International Prospective Register of Systematic Reviews (PROSPERO), CRD42018085233, and is published elsewhere.30 

Selection criteria
[bookmark: _heading=h.1t3h5sf]We searched for population-based, cross-sectional or longitudinal studies published since inception up to April 30th, 2020, with no language or age restrictions. Studies had to report data on participants primarily diagnosed with ADHD or Hyperkinetic Disorder (HKD) and/or on non-affected individuals. We accepted all the following definitions of ADHD: a) medical diagnosis according to any DSM versions (II, III, IV(-TR), 5), ICD- 9 or ICD-10, confirmed by validated diagnostic instruments (Supplemental materials, Table S1) or clinical interviews; b) diagnosis using a validated ADHD symptom scales with a pre-specified threshold (Supplemental materials, Table S1); or c) diagnosis reported by participants/caregivers (e.g., an affirmative answer to the question “did any doctor diagnosed you [or your familiar] with ADHD?”). We included studies presenting information on stimulants (methylphenidate, dexmethylphenidate, amphetamines), and atomoxetine, which are recommended by the majority of the international guidelines.20–25 We also retained studies with ADHD medication use reported by participants/caregivers (e.g., an affirmative answer to the question: “Are you [or your familiar] currently taking medication for ADHD?”).
We excluded studies: a) based on clinical samples, including those relying on insurance health system and third-party reimbursement data sets, as our research question was on the rates of ADHD treatment use in the population and not in individuals searching for treatment; b) with no clear description of the diagnostic process; and c) using solely ADHD pharmacological treatment as an indication (proxy) for ADHD diagnosis (without proper confirmation of the diagnosis), thus avoiding a tautological approach. Before exclusion, we systematically contacted all the authors of studies lacking relevant information via e-mail to request missing information, making at least three attempts to gather missing information/data.

Search strategy and data extraction
The search strategies/syntaxes were developed with the support of a librarian at the University of Southampton, UK. The following main databases were searched: Medline, Embase, CINAHL, PsychINFO, Web of Science, and Scopus. Details on search strategy/syntax and a list of additional databases and websites searched, including sources of conference abstracts, are described in supplemental material (pages 10-16). Papers selected for full-text reading and relevant systematic reviews were hand-searched for references of interest. The first author of each included study and experts in the field were contacted to retrieve gray literature. However, no unpublished studies of interest were found.
Data extraction followed standard procedures (see supplemental material, page 17). We extracted the following data: a) Study author, year of publication, country, year of data collection, name of the sample (if any), study design and response/completion rates (if reported); b) Patient age range, age mean, gender, method of ADHD diagnosis, diagnostic criteria, comorbidities, co-medication, name of diagnostic instrument and/or rating scale (if described), socioeconomic status, level of care (primary, secondary, or tertiary); c) Medication class and formulation, dose range, mean dose, length of treatment and medication assessment method (e.g., only question exploring if the individual was using or not ADHD medication, request for showing the container of the medication, or confirmation of the of ADHD medication prescription in medical records).  

Study outcome measure and quality of the studies
The primary outcomes of our meta-analyses were the rates of ADHD medication use by children and adolescents with a clinical diagnosis of ADHD or HKD, and the prevalence rates of ADHD medication use in non-affected individuals. 
[bookmark: _heading=h.4d34og8]We assessed the quality of studies using a modified version of the Newcastle–Ottawa scale (NOS)31 (see details in supplementary materials, page 17 to 19). 

Data Analysis
[bookmark: _heading=h.30j0zll]A meta-analysis of proportions was performed with the “meta” package in R software. The Metaprop function was used to compute the independent pooled prevalence and 95% confidence interval (95% CI) of medication use in pharmacologically treated and untreated individuals, both with and without a diagnosis of ADHD.32 Normality tests of study rates were performed using Log, Logit, and Freeman-Tukey Double Arcsine transformations, and the Logit transformation was the most appropriate. The confidence intervals were computed using the Clopper-Pearson exact method with continuity correction, a proper method for small proportions.33 We used the DerSimonian and Laird method for random-effect model due to expected heterogeneity among studies.34 Heterogeneity was evaluated with the Cochran's chi-squared test (Cochran's Q), and the I².35 Publication bias was explored through the visual inspection of the funnel plot asymmetry and the Egger's linear regression test.36 The jackknife sensitivity analysis was used to explore the effect of individual studies in both prevalence and heterogeneity.37 Additionally, individual random-effect meta-regression analyses were conducted exploring the impact of following covariates (individually entered in the model): year, quality of the study, continent, country, method of diagnosis, type of medication, method of medication assessment and study design. 
Any deviation of the published protocol is reported in the supplementary materials, page 20.


RESULTS
[bookmark: _heading=h.1fob9te]As presented in Figure 1, 25,676 records were screened, and 36 studies from 10 countries were retained, including a total of 104,305 participants.38–73 The list of studies excluded after the full-text screening with reasons of exclusions can be found in Supplemental Material, Table S4. We found 5 studies with adult samples (n = 6,620), the majority being restricted to university students. In addition, we found two studies exclusively on preschoolers (5 years old or younger, n = 20,174). Adult and preschooler analyses are reported separately in Supplemental materials (Tables S5 and S6, Figures S1 and S2). 
Most of the studies with samples of children and adolescents included in our analyses were cross-sectional with ADHD diagnosis according to DSM criteria (see Table 1). The population included in these studies encompassed youth mostly from Western developed countries, predominantly from the United States of America. The few control samples that described other psychiatric diagnoses had lower rates of mental disorders than ADHD samples. The mean response/completion rate of the studies included in the main analysis was 68%.
[bookmark: _heading=h.2s8eyo1]Our main analyses were restricted to studies where the diagnosis was made either according to DSM/ICD criteria or to validated scales. The pooled pharmacological treatment rate for the DSM/ICD ADHD diagnosis group (18 studies; n = 3,311) was 0.191 (95% CI: 0.115-0.299; Figure 2). Regarding the non-ADHD group (14 studies; n = 29,559), the pooled ADHD medication use rate was 0.009 (95% CI: 0.005-0.017; Figure 3).
[bookmark: _heading=h.3znysh7]The mean NOS score was 3.7 for studies included in our main analyses, and the most critical item affecting total scores was comparability (see Table 1). Funnel plots for both groups are shown in supplemental material (Figures S3 and S4). Egger’s test was non-significant for both diagnosed and undiagnosed groups (p-values of 0.29 and 0.10, respectively), not suggesting a significant risk of publication bias.
We identified high heterogeneity in our main analyses involving both diagnosed and undiagnosed groups. Jackknife sensitivity analyses demonstrated that, in no instance, single study exclusion significantly modified the heterogeneity (Supplemental material, Figures S5 and S6). When exploring the impact of covariates (e.g., year, quality of the study, continent, country, medication assessment method, type of medication and study design) on heterogeneity and estimates of our main analyses, we observed that heterogeneity was reduced when the studies were grouped according to continents; specifically, it was lower in Europe and Oceania (Supplemental material: Figures S7-S16). Meta-regressions findings for the studies that used DSM and/or ICD criteria for ADHD diagnosis (main analyses) in children and adolescents presented the following significant covariates: quality of the study (p-value 0,0349: heterogeneity accounted for [HAF] = 23.54%), country (p-value = 0.0391; HAF = 14.97%) and study design (p-value = 0.0230, HAF = 33.69%), indicating that these variables did significantly impact heterogeneity, while meta-regression findings in relation to non-ADHD children and adolescents were non-significant (Supplemental material: Tables S7 and S8).
To assess influence of diagnostic method, we also meta-analyzed all samples of children and adolescents with and without ADHD diagnosis (29 and 17 studies, respectively) in which ADHD diagnosis was assessed either by DSM/ICD criteria or just through a question about previous ADHD diagnosis. As studies where the diagnosis was made based on the answer to only one question about previous ADHD diagnosis include treatment-seeking populations, they presented inflated rates of treatment for children and adolescents with the diagnosis [0.516 (95% CI: 0.435-0.596) vs. 0.191 (95% CI: 0.115-0.299), Supplemental material: Figure S17], and deflated rates of treatment for children and adolescents without a diagnosis [0.001 (95% CI: 0.000-0.049) vs. 0.009 (95% CI: 0.005-0.017), Supplemental material: Figure S18].
Finally, the pooled pharmacological treatment rate was 0.315 (95% CI: 0.255-0.382), in our analyses with all 29 included studies with samples of children and adolescents diagnosed with ADHD (n = 24,106), as shown in Supplemental material, Figure S19. Data from all 17 studies of children and adolescents without an ADHD diagnosis (n = 48,681) indicated a pooled rate of medication use of 0.007 (95% CI: 0.004-0.013), as reported in Supplemental material, Figure S20.

Extrapolation of the findings based on available population data for three countries in different continents (the US, the Netherlands and Australia)
          For the purpose of our subsequent analyses, we conservatively assumed that at least 70% of the children and adolescents with a proper ADHD diagnose might benefit from a trial with ADHD medication (see discussion for reasons to establish this threshold).
Combining our findings for the US, the Netherlands and Australia (Supplemental materials, figures S10 and S15) with the estimated youth population between 5 and 19 years of age in these countries according to the United Nations74, and the estimated prevalence of ADHD using DSM criteria in this age range in these countries,75-77 we estimated the rates of treatment for children and adolescents affected by ADHD and use of medication for ADHD by those without the disorder in these three countries from different continents. 
        In the US, data indicates that: a) an estimated 1.97 million youths diagnosed with ADHD are treated with medication (33.3% of total ADHD cases); b) 2.17 million individuals might still benefit from ADHD pharmacological treatment but do not receive it (36.7%: 70% eligible for medication minus the 33.3% already treated); and c) 677,425 children and adolescents without a formal ADHD diagnosis might be using medication for the disorder (total population between 5-19 years of age in the US [62,378,000] minus those affected by ADHD [9.5%] multiplied by the prevalence of medication for ADHD use in those without a formal diagnosis for the disorder [1.2%]). Thus, for each child and adolescent without ADHD using medication for the disorder, there are more than 3 children with ADHD who might benefit from pharmacological interventions and are not receiving it in the US.
       In Australia, while 45,000 children/adolescents with ADHD (12.8%) are estimated to be treated with medication, 202,000 children/adolescents may be diagnosed and are still not pharmacologically treated despite eligible, and only 18,000 children/adolescents without formal diagnosis of ADHD (0.4%) may be using ADHD medication, representing an 11-fold difference between under pharmacological treatment and overtreatment/misuse rates. 
        In the Netherlands, while 17,000 children/adolescents with ADHD (22.2%) are estimated to be treated with medication, 37,000 may be diagnosed and are still not pharmacologically treated despite eligible, and 22,000 youths without formal diagnosis of ADHD (0.8%) may be using ADHD medication, representing less than 2-fold difference between under and overtreatment/misuse.

DISCUSSION
To our knowledge, this is the first systematic review and meta-analysis investigating the prevalence of ADHD medication use in both individuals diagnosed with ADHD and in those without the disorder. Our main analyses suggest that 19.1% (95% CI: 11.5-29.9) of the school-age children and adolescents affected by ADHD are treated with medication for the disorder, and 0.9% (95% CI: 0.5-1.7) of individuals without the diagnosis use medication for ADHD. As expected, substantial heterogeneity was found in our analyses. 
Even though ADHD guidelines worldwide recommend medication as part of the treatment of the disorder, they present differences regarding their recommendations on pharmacological treatment. While some guidelines, mostly from America, recommend pharmacotherapy as the first-line treatment,20–24 some European guidelines tend to recommend non-pharmacological treatments prior to medications, or for moderate/severe cases of ADHD. 25,26 Although the evidence for efficacy of non-pharmacological treatment in ADHD and for the percentage of patients who respond to them are controversial,78 available randomized clinical studies using sequential approaches (e.g., medication or placebo after no response to non-pharmacological interventions) suggest that 18-23% of the patients might respond to an initial trial of parent training79 or behavioral interventions without a need for medication.80 In the same direction, the definition of what constitutes a moderate/severe ADHD case is not clear in the literature. However, some epidemiological studies describe the percentage of ADHD cases categorized according to its severity.61,81 In these studies, 70-76% of all ADHD cases defined by DSM criteria are classified as moderate or severe. Thus, a conservative appraisal of this literature indicates that around 70% of the patients with ADHD might benefit from a trial with pharmacological treatment (no dispute among different guidelines). Thus, we conservatively assumed this figure (70%) as the one reflecting the proportion of the children and adolescents with properly diagnosed ADHD who might unequivocally benefit from a trial with ADHD medication.
It is important to highlight that we could not exclude from our analysis several groups that might be using stimulants adequately but are otherwise included in the group of non-affected individuals treated with ADHD medication, such as: a) previously diagnosed patients who responded to treatment and did not present anymore full ADHD diagnostic criteria when assessed in the studies; 47 b) subthreshold cases of ADHD who might have impairment and treatment indication;82 and c) individuals with other diagnoses that are also indications for stimulant use (e.g., narcolepsy or resistant depression).83 Nonetheless, our findings support the presence of over/inadequate treatment in different countries, raising concerns on stimulant overuse/ misuse, as recently suggested by others.84
[bookmark: _heading=h.6c30hii5rq8y]The high heterogeneity observed in this meta-analysis, anticipated in our protocol,30 indicates that our findings should be considered with caution. However, rather than the heterogeneity per se, it is more informative to focus on the reasons for heterogeneity. Our sensitivity meta-regression analyses identified that quality of the study, country and study design were significant covariates with important impact on heterogeneity for samples with children and adolescents with ADHD. In fact, these findings are congruent with the literature in several ways. Previous investigations suggest that ADHD medication use is predicted by sociodemographic variables and different practice parameters for ADHD prescriptions among countries. Galera et al. observed that being male, with a mother with low education levels or being immigrant increases the hazard risk ~2 fold for ADHD medication use.85 Wallach-Kildemoes et al. described the impact of different prescribing practices on rates of patients with ADHD treated in Denmark.86 In  our analysis including all samples (n = 29) of  children and adolescents with ADHD independently of the diagnostic procedure (DSM/ICD criteria and diagnosis only reported by caregivers), as expected, the diagnostic method was a very influential covariate on our estimates.  It is important to highlight that even larger meta-analyses on ADHD prevalence, with more than one hundred studies, observed similar high levels of heterogeneity.2,87,88 Moreover, as in our study, methodological variables, as study design and diagnostic method, were found as the most important covariates explaining heterogeneity in those epidemiological studies. 
[bookmark: _heading=h.657ykjhxi48d]Rather than a reductionist vision focusing only on either ADHD pharmacological overtreatment/misuse or under-treatment, we suggest that “the two sides of the coin” should be considered. The data presented in this study shows clearly that both ADHD pharmacological overtreatment/misuse and ADHD pharmacological undertreatment occurs concomitantly across the different countries with available data. However, it is important to appreciate that undertreatment and overtreatment are not uncommon in medicine. In fact, this dichotomy dates back to the initial use of antibiotics throughout nowadays.89 More specifically, in psychiatry, studies on depression already demonstrated the diversity of clinical practices, with mixtures of both overtreatment of patients that do not fulfill diagnostic criteria and undertreatment of moderate and severe cases of the disorder,90 apparently a worrisome paradox with multiple associated factors.91
Our study should be considered in light of its limitations. First, it is important to note that even though the data collected constitute the most comprehensive evidence available in the literature and response/completion rates observed are acceptable, it does not constitute a world representative sample. Moreover, differences in patterns of medication use exist even within countries.85,92 Second, the funnel plots of our main analyses present a scattered pattern. However, the Eggers’ tests were non-significant, and non-statistical methods were also extensively implemented against publication bias, an approach even more important in meta-analysis with a small number of studies.93 Third, a relatively limited number of studies was included in our analyses. In addition, they presented substantial heterogeneity. Both issues reduce our external validity. However, heterogeneity was expected from the beginning, and it was also found in the three previous epidemiological ADHD meta-analyses that relied on worldwide samples,2,87,88 even when the number of studies was over one hundred. Fourth, most of the selected studies were from developed countries, with USA samples being dominant. This finding most certainly inflates the treatment rates due to the exclusion of a large proportion of the world population with significant financial, cultural, and health access barriers to ADHD treatment. Fifth, we excluded studies on populations under five years from the main analyses, since treatment with medication in that age range is controversial and guidelines consensually do not recommend medication as first-line treatments. Sixth, several of the included studies performed medication assessment through only questioning the patient/caregiver on ADHD medication use, without using confirmatory methods. However, the medication assessment method was not a significant variable in meta-regression analyses. In addition, some studies assessed only lifetime ADHD or did not provide sufficient data to inform on the approach used in the assessment (e.g., lifetime, current, past year diagnosis), making the evaluation of temporality between the presence of the disorder and use of medication a challenge. However, this issue was far less pronounced in studies included in our main analyses. Seventh, most non-ADHD samples did not allow differentiation between overtreatment and misuse. However, the prevalence of nonmedical use of medication is a reality mostly among adult and older adolescent populations. Finally, our data include the evidence on the pharmacological treatment of ADHD, and it does not address a potential more global under-treatment of ADHD, including non-pharmacological interventions. 
Despite these limitations, our meta-analysis provides evidence for a substantial under-treatment of children and adolescents affected by ADHD in different countries. This is a relevant public health issue worldwide, since ADHD undertreatment is associated with known negative outcomes in education, health care, and productivity systems. At the same time, we found evidence of overtreatment/misuse in individuals without a formal ADHD diagnosis. This practice might expose individuals to undesirable side effects of medications, increased risk of medication misuse, and unmeasured costs for the health care system. Our findings indicate that, more than disputes between supporters and detractors of medication treatment for ADHD, additional evidence-based medical and parental education on ADHD is needed worldwide, as part of public health policies. 
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Table 1: Characteristics of studies in children and adolescent included in the meta-analysis.

	Study
	Sample description
	Country
	Design
	Diagnosis
	Age
	Response/ Completion rates (%)
	Controls
	ADHD
	NOS

	
	
	
	
	
	
	
	Treatment Negative
	Treatment Positive
	Treatment Negative
	Treatment Positive
	selection (up to 4)
	comparability (up to 2)
	total

	Angold et al., 2000
	Great Smoky Mountains Study, 1992-1996
	USA
	Retrospective
	DSM
	9-16
	71
	1179
	86
	34
	58
	3
	2
	5

	Barbaresi et al., 2002
	Rochester Epidemiology Project, 1976-1982
	USA
	Retrospective, Administrative
	DSM
	NS
	NS
	5045
	10
	41
	264
	4
	1
	5

	Bauermeister et al., 2003
	Puerto Rico Service Use Study, 1999-2000
	USA
	Retrospective
	DSM
	4-17
	90
	1513
	6
	132
	11
	3
	2
	5

	Bird et al., 2008
	New York (South Bronx) and Boricua Youth Study (Puerto Rico)
	USA
	Prospective
	DSM
	5-13
	85
	2263
	42
	155
	20
	3
	1
	4

	Bussing et al., 2005
	North Central Florida public school, 1998-1999
	USA
	Prospective
	DSM
	5-11
	55
	61
	0
	92
	67
	4
	1
	5

	Concannon et al., 2005
	Northern Sydney, 2000
	Australia
	Cross Sectional
	Question
	10-12
	65
	-
	-
	128
	150
	1
	0
	1

	Danielson et al., 2018
	National Survey of Children’s Health (NSCH), 2016
	USA
	Cross Sectional
	Question
	2-17
	41
	-
	-
	1618
	2640
	2
	0
	2

	Efron et al., 2019
	Longitudinal Study of Australian Children (LSAC), 2004-2015
	Australia
	Prospective
	Question
	14-15
	71
	-
	-
	19
	72
	2
	0
	2

	Epstein-Ngo et al., 2015
	Midwestern United States public schools, 2009-2013
	USA
	Cross Sectional
	Question
	NS
	68
	-
	-
	581
	179
	1
	1
	2

	Froehlich et al., 2007
	National Health and Nutrition Examination Survey (NHANES) 2001-2004
	USA
	Cross Sectional
	DSM
	8-15
	79
	-
	-
	143
	79
	4
	1
	2

	Hailpern et al., 2014
	National Health and Nutrition Survey (NHANES) 1999–2004
	USA
	Cross Sectional
	Question
	12-18
	NS
	4524
	0
	272
	111
	3
	0
	5

	Jensen et al., 1999
	Epidemiology of Child and Adolescent Mental Disorders (MECA) Study (1992)
	USA
	Cross Sectional
	DSM
	9-17
	85
	904
	8
	53
	8
	4
	1
	3

	Knopf et al., 2012
	German Health and Examination Survey for Children and Adolescents (KiGGS), 2003-2006
	Germany
	Cross Sectional
	Question
	0-17
	67
	12682
	3
	512
	142
	2
	1
	5

	Merikangas et al., 2013
	National Comorbidity Survey Adol. Suppl. (NCS-A), 2001-2004
	USA
	Cross Sectional
	DSM
	13-18
	83
	5953
	93
	355
	82
	3
	1
	3

	Montiel et al., 2008
	Maracaibo, Venezuela
	Venezuela
	Cross Sectional
	DSM
	4-12
	88
	75
	4
	148
	6
	3
	1
	4

	Reich et al., 2006
	Missouri twins sample, 1996-2001
	USA
	Cross Sectional
	DSM
	7-17
	65
	273
	9
	20
	21
	4
	1
	4

	Russel et al., 2019
	Millennium Cohort Study, 2014-2015
	England
	Cross Sectional
	Question
	14
	61
	-
	-
	104
	141
	2
	0
	5

	Sayal et al., 2010
	British Child and Adolescent Mental Health Survey (B-CAMHS) 2004
	England
	Cross Sectional
	DSM/ICD
	5-16
	76
	-
	-
	123
	53
	2
	1
	2

	Sawyer et al., 2002
	Australian National Survey of Mental Health and Well-Being, Feb-May 1998
	Australia
	Cross Sectional
	DSM
	6-17
	70
	3149
	16
	345
	52
	3
	1
	3

	Sawyer et al., 2016
	Australian National Child and Adolescent Mental Health Survey. 2013–2014
	Australia
	Cross Sectional
	DSM
	4-17
	55
	5854
	22
	374
	55
	4
	1
	4

	Sciberras et al., 2016
	Children’s Attention Project, Melbourne, Australia, 2011-2015
	Australia
	Prospective
	DSM
	6-8
	60
	212
	0
	156
	21
	4
	0
	5

	Schmitz et al., 2006
	Public schools in Porto Alegre, 2002-2005
	Brazil
	Cross Sectional
	DSM
	6-18
	93
	-
	-
	97
	3
	4
	1
	4

	St Amour et al., 2018
	Heart Behavioural and Environmental Assessment Team
	Canada
	Cross Sectional
	Question
	10-14
	31
	1863
	50
	50
	49
	2
	1
	5

	Szatmari et al., 1989
	The Ontario Child Health Study (OCHS) 1966-1979
	Canada
	Cross Sectional
	DSM
	4-16
	NS
	2542
	2
	149
	8
	4
	0
	3

	Szobot et al., 2007
	Canoas, 2004
	Brazil
	Cross Sectional
	DSM
	15-20
	70
	-
	-
	41
	0
	4
	0
	4

	Toomey et al., 2011
	National Survey of Children’s Health (NSCH) 2007
	USA
	Cross Sectional
	Question
	6-17
	47
	-
	-
	1666
	3463
	1
	0
	4

	Tremmery et al., 2007
	Study of Attention Disorders in Maastricht (SAM) 1999-2000
	Netherlands
	Prospective
	DSM
	9
	32
	236
	2
	35
	10
	3
	1
	1

	Visser et al., 2007
	National Survey of Children’s Health (NSCH) 2003
	USA
	Cross Sectional
	Question
	4-17
	55
	-
	-
	2711
	3786
	1
	0
	4

	Walls et al., 2017
	National Survey of the Diagnosis and treatment
of Attention-Deficit/Hyperactivity Disorder and Tourette Syndrome (NS-DATA) 2014
	USA
	Cross Sectional
	Question
	8-17
	11
	-
	-
	712
	1689
	1
	0
	1


“NS” = not stated (papers do not supply a range or mean age for those samples); “NOS” = Newcastle Ottawa Scale.
Figure 1: Search and screening flowchart.
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Figure 2: Forest plot showing the meta-analysis results of ADHD medication use among children and adolescents diagnosed with ADHD according to the DSM/ICD criteria
[image: ]

Figure 3: Forest plot showing the meta-analysis results of the rates of ADHD medication use among children and adolescents without a DSM/ICD diagnosis of ADHD
[image: ]
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