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Abstract

Background: Previous studies have identified significant variability in attention-deficit /

hyperactivity disorder (ADHD) prevalence estimates worldwide, largely explained by

methodological procedures. However, increasing rates of ADHD diagnosis and treatment

throughout the past few decades have fuelled concerns about whether the true preva-

lence of the disorder has increased over time.

Methods: We updated the two most comprehensive systematic reviews on ADHD preva-

lence available in the literature. Meta-regression analyses were conducted to test the

effect of year of study in the context of both methodological variables that determined

variability in ADHD prevalence (diagnostic criteria, impairment criterion and source of

information), and the geographical location of studies.

Results: We identified 154 original studies and included 135 in the multivariate analysis.

Methodological procedures investigated were significantly associated with heterogen-

eity of studies. Geographical location and year of study were not associated with variabil-

ity in ADHD prevalence estimates.

Conclusions: Confirming previous findings, variability in ADHD prevalence estimates is

mostly explained by methodological characteristics of the studies. In the past three decades,

there has been no evidence to suggest an increase in the number of children in the commu-

nity who meet criteria for ADHD when standardized diagnostic procedures are followed.
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Background

Attention-deficit / hyperactivity disorder (ADHD) is a neu-

rodevelopmental disorder characterized by a persistent pat-

tern of inattention, hyperactivity and impulsivity that is

pervasive across settings and leads to various degrees of

functional impairment.1 The recognition and treatment of

ADHD date from the second half of the 20th century.2

Since then, significant advances have been made towards

understanding the disorder, resulting in the dissemination

of knowledge across societies and in increasing recognition

and treatment of affected individuals.3,4 Nevertheless, con-

cerns about the true prevalence of ADHD and its validity

have been raised.3

Concerns about the prevalence and validity of the dis-

order emerged for several reasons, among them: (i) an evi-

dent variability in estimates across different studies; (ii) an

apparent higher prevalence in Western societies, especially

in the USA; and (iii) an apparent increase in rates of the

disorder over time.3,4 In 2007, Polanczyk et al.5 published

the first comprehensive review of the literature on the

prevalence of ADHD, which included 102 studies

conducted across the world. The studies ascertained non-

referred samples of children and adolescents, who were as-

sessed according to a variety of procedures to identify the

disorder. Studies adhering to diagnostic criteria from one

of the three versions of DSM (III, III-R or IV) or the recent

versions of the ICD (9 or 10) were included. Meta-analysis

resulted in a pooled prevalence rate of 5.29% [95% confi-

dence interval (CI) 5.01 – 5.56], associated with significant

heterogeneity. A meta-regression analysis identified that

diagnostic criteria, source of information for reporting the

symptoms, and requirement of functional impairment for

the diagnosis were methodological procedures significantly

associated with variability of estimates. The analysis iden-

tified that study location was associated with heterogeneity

only when estimates from Africa and the Middle East were

compared with estimates from North America. Estimates

from Europe, Oceania, South America and Asia did not

differ from estimates from North America.5

The meta-regression analysis addressed the first two

concerns frequently raised regarding the prevalence of the

disorder. Firstly, results indicated that in fact there was a

high degree of variability between estimates, largely ex-

plained by study methods. This did not necessarily imply a

lack of validity, but more likely reflected a lack of consen-

sus between investigators on how best to ascertain the dis-

order.6 Secondly, results indicated that study location was

not a significant factor in variability of estimates, exclud-

ing Africa and the Middle East. Because only four esti-

mates of ADHD prevalence from each one of these two

geographical regions were included in the analysis, no def-

inite conclusions could be drawn. Finally, the analysis did

not address the question of the effect of time over the vari-

ability of estimates.

In 2012, Willcutt7 published a second comprehensive

review of the literature on the prevalence of ADHD,

focused only on studies using DSM-IV diagnostic criteria;

86 studies were included, over half of them published after

the 2007 review. Meta-analytical results generated esti-

mates in children and adolescents ranging from 5.9% to

7.1%, depending on the source of information for the diag-

nosis. Further results detected significant heterogeneity be-

tween estimates, but once again country or region where

the study was conducted did not explain the variability,

supporting previous findings.7 In addition, this study also

did not address the effect of time on estimates.

The question of increasing prevalence of ADHD over

time is a natural reflection of the finding that rates of diag-

nosis have been rising in recent years. For example, in the

USA, two national telephone surveys demonstrated that

the percentage of children aged 4 to 17 years with a life-

time diagnosis of ADHD, according to parents, increased

by 21.8% from 2003 to 2007.8 The increase in the rates of

diagnosis is not a phenomenon limited to ADHD in the

child mental health field. Several studies have documented

an increase in prevalence rates of autistic spectrum dis-

orders (ASD) in diverse cultures over past years.9 There is

very good evidence indicating that changes in diagnostic

Key Messages

• Estimates of ADHD prevalence are significantly variable.

• Variability of prevalence rates is accounted for by methodological characteristics of studies, specifically diagnostic cri-

teria used, source of information, and requirement of impairment for the diagnosis.

• Geographical location and year of study are not associated with variability of prevalence estimates.

• By aggregating prevalence studies of ADHD conducted in the past three decades, there is no evidence to suggest an

increase in the number of children in the population who meet criteria for ADHD when standardized diagnostic pro-

cedures are followed.
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criteria and in policies for special education, and increasing

awareness and access to medical services may explain the

increasing rates over time.10 However, the possibility that

a true increase in the incidence of ASD and also in ADHD

exists cannot currently be excluded due to lack of definite

evidence. One additional reason for concern is whether

pressure from pharmaceutical industries contributes to

increasing rates of diagnoses and consequently of prescrip-

tions for treatment of the disorders.3 A true and significant

increase in prevalence rates of ADHD across the past few

decades, reflecting an increase in incidence, should be an

issue of public health concern. The reasons behind this

phenomenon would need to be explored, and the identifi-

cation of associated factors would potentially allow for a

better understanding of the aetiology of the disorder and a

more efficient way of delineating preventive strategies and

treatment interventions.

Therefore, to test the effect of time on prevalence esti-

mates of ADHD generated by standardized diagnostic

procedures, we took advantage of the two most compre-

hensive systematic reviews of the literature on prevalence

studies of ADHD conducted until now, and updated them

through a joint effort by the two research teams involved

in these previous studies. We then investigated the effect of

the year of the studies as a further independent variable in

a multivariate meta-regression analysis. Additionally,

because more studies had accumulated since the first meta-

regression was reported, we conducted updated analyses to

explore the variability of estimates as a function of study

methods and geographical location.

Methods

Literature search

We built our literature review on the two most comprehen-

sive reviews on ADHD prevalence studies available in the

literature. Polanczyk et al.5 searched for original surveys

published between 1978 and 2006, which assessed prob-

abilistic samples of individuals 18 years of age or younger,

ascertained from the general population (households, birth

registers) or from schools, generating point prevalence,

with diagnoses based on any DSM (III, III-R, or IV) or ICD

(9 or 10) versions. Authors reviewed 9105 abstracts, and

102 studies were included. Willcutt 7 searched for original

surveys published between 1994 and 2010 that assessed

probabilistic samples of children, adolescents and adults,

ascertained from the general population (households, birth

registers), primary care or from schools, generating point

prevalence, with diagnoses based on DSM-IV. The author

reviewed 15 736 abstracts, and 97 studies (86 samples of

children and adolescents and 11 samples of adults) were

included.

We updated both systematic reviews using the specific

search strategy implemented in each study. For Polanczyk

et al., we updated the search from 2007 to 2012, and re-

stricted it to only those studies that used ICD, as DSM-IV

studies would be identified by Willcutt’s review. Electronic

search yielded 163 results (121 in MEDLINE and 42 in

PsycINFO). For the Willcutt review, we updated the search

from 2011 to 2012, restricting the search to individuals 18

years of age or younger, since the scope of this study was

to assess the increase in prevalence rates in youths. Elec-

tronic search yielded 1128 results (407 in MEDLINE, 422

in PsycINFO, 39 in ERIC, 260 in Web of Science). All ab-

stracts (1291) and the full reports of original studies were

independently reviewed by two authors (G.A.S. and C.K.),

who decided on the inclusion of each study according

to the original criteria of the Polanczyk et al. review.

Disagreements were reviewed by the senior author

(L.A.R.). Reference lists were also reviewed.

Among the studies included in the previous reviews and

fulfilling the inclusion criteria for this study, 81 were

included only in the Polanczyk et al. review, 43 were

included only in the Willcutt review and 21 were included

in both the Polanczyk et al. and the Willcutt reviews. The

main reasons for differences in the inclusion of studies be-

tween the two reviews were diagnostic criteria (inclusion

of studies using ICD criteria in the Polanczyk et al. review,

but not in the Willcutt review) and time-frame (for Polanc-

zyk et al. 1895 to 2006, for Willcutt 1994 to 2010). The

updated review identified nine additional studies (two of

them were also included in the Willcutt review). Therefore,

154 studies were included in the current study.

Data extraction

Information extracted by the two previous reviews over-

lapped. Data from the newly identified studies were ex-

tracted independently by two authors (G.A.S. and C.K.)

according to the protocol used by Polanczyk et al., and dis-

agreements were discussed with the first author (G.V.P.).

When multiple prevalence estimates were generated for the

same sample according to different methods (e.g. source of

information, diagnostic criteria), one estimate was ex-

tracted following a predefined protocol ensuring that each

individual from each sample contributed only with a single

estimate.

Definition of variables included in analyses

We initially looked for year of sample assessment as re-

ported by each study as our main independent variable of
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interest. Because approximately 30% of studies did not re-

port this information, we used year of publication as proxy

information for year of assessment.

Since our previous analysis documented the relevance of

a specific group of methodological variables in the deter-

mination of the heterogeneity of ADHD prevalence rates

worldwide, we decided also to investigate the role of year

of study in the context of these variables. It is important to

note that a significant overlap (66%) was detected between

studies included here and those already analysed in the

Polanczyk et al. meta-regression. The effects of year of

study publication and geographical location of the study

[North America (reference), Europe, Oceania, South Amer-

ica, Asia, Africa and Middle East] were investigated. Addi-

tionally, the effects of the following three methodological

variables were tested: source of information, diagnostic cri-

teria and impairment criteria. Source of information was

defined in five categories: best-estimate procedure (refer-

ence), ‘and rule’ (a symptom was considered to be positive if

was endorsed by two informants), parents, ‘or rule’ (a symp-

tom was considered to be positive if was endorsed by one

out of two informants), teachers and subjects. Diagnostic

criteria was defined in four categories: DSM-III, DSM-III-R,

DSM-IV (reference) and ICD-10. The impairment criterion

was defined in two categories: yes (reference) and no.

Data analysis

Meta-regression analyses were carried out using linear

mixed-effects models.11 Covariates were first tested indi-

vidually in a univariate analysis and then simultaneously in

a multiple meta-regression model via likelihood ratio test

(LRT) using the maximum likelihood estimator. The ‘vari-

ance accounted for’ (VAF), a pseudo-R2 statistic, is given

for each univariate model, indicating the percentage of the

total heterogeneity in the true effects (heterogeneity) that is

accounted for by each study-level variable (moderator)

individually.12 We also calculated the VAF for the model

with all covariates included.

Outlier and influential case diagnostics were performed

using the externally standardized residuals, DFFITS values,

Cook’s distances, covariance ratios, leave-one-out esti-

mates of the amount of heterogeneity, leave-one-out het-

erogeneity test statistics, hat values and weights.13 The

analysis and graphical presentation were conducted with R

using the ‘metafor’ package.12

Results

We were able to identify 154 eligible studies published

from 1985 to 2012 for inclusion in the current review.

This figure represents an increase of approximately 50%

in the number of studies published in the past 6 years, con-

sidering that the revision by Polanczyk et al. included 102

studies published up to 2006. The 25th, 50th and 75th

percentiles of year distribution corresponded, respectively,

to years 1997, 2001 and 2005. For 19 studies, the lack of

information reported in the articles made it impossible to

define the source of information and/or impairment criter-

ion. Because these studies are not considered for multivari-

ate analysis, they were excluded. Table 1 presents the

characteristics of 135 studies included in the multivariate

analysis.

As depicted in Table 2, univariate analysis revealed that

all covariates were significantly associated with heterogen-

eity of prevalence estimates, except for year of study publi-

cation (P¼ 0.68). In the multivariate meta-regression

model, source of information, impairment criterion and

Table 1. Description of study methods, geo-

graphical location and year of publication of

studies included in the multivariate analysis

(k¼ 135)

Characteristic k

Source of information

Best-estimate 27

‘And rule’ 15

‘Or rule’ 11

Parents 57

Teachers 19

Subjects 6

Impairment criterion

Yes 67

No 68

Diagnostic criteria

DSM-IV 81

DSM-III-R 31

DSM-III 10

ICD-10 13

Geographical location

North America 48

Europe 42

Oceania 7

South America 10

Asia 12

Africa 5

Middle East 11

Year of publication

1985–89 7

1990–94 13

1995–99 35

2000–04 36

2005–09 30

2010–12 14

k, number of studies.
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diagnostic criteria remained significantly associated with

heterogeneity of results. Geographical location was no lon-

ger significant (P-values range 0.172 – 0.651), and year of

publication remained not associated with heterogeneity

(P¼ 0.836). Table 2 presents estimated prevalence differ-

ence between all levels of each covariate in relation to

the index level. Prevalence rates based on teacher reports

were an estimated 5.47% higher than those based on best-

estimate procedure (P¼ 0.003). Prevalence rates with no

requirement of impairment were an estimated 2.32%

higher than when impairment was required (P¼0.018).

Prevalence rates based on DSM-III-R and ICD-10 were an

estimated 2.42% and 4.09% lower, respectively, than rates

based on DSM-IV (P¼ 0.044 and P¼ 0.009, respectively).

The final model accounted for 44.1% of the variance.

Figure 1 shows prevalence estimates over time. To fur-

ther explore the effect of year of study on heterogeneity of

estimates, we tested its interactive effect with each one of

the methodological characteristics and with geographical

location. No significant interaction was detected, ruling

out a possible increase in the prevalence estimates over

time in specific geographical locations or for specific study

methods. We specifically tested the effect of methodo-

logical variables, geographical location and year of publi-

cation only for studies using DSM-IV criteria, published

from 1995 to 2012 (k¼ 81). Results were unchanged from

the model including all studies, with significant effect of

source of information and impairment criterion, and no

effect of geographical location and year of publication

(data available upon request). Figure 2 depicts prevalence

estimates as a function of time and both diagnostic criteria

and geographical location.

Two studies were found to be outliers and influential in

the final model according to several diagnostic indexes

(Supplementary Figure, available as Supplementary data at

IJE online). The exclusion of these studies had very low

impact on estimation of coefficients and limited influence

on significance tests, except for differences between DSM-

III-R and DSM-IV that were no longer significant

(P¼ 0.0557). No association between publication year and

variability on prevalence rates was found following the ex-

clusion of outliers [b¼ 0.0564, 95% confidence interval

(CI) �0.0959 to 0.2086, SE¼ 0.0770, P¼0.4653].

Discussion

We have updated the two most comprehensive systematic

reviews of studies addressing the prevalence of ADHD

around the world and were able to include 135 studies

published from 1985 to 2012 in our final model. Subse-

quently, we conducted a meta-regression analysis to test

the effect of time on variability of estimates and updated

previous analyses5 to explore the effect of methods and

geographical location of studies. Our findings indicate that

when controlling for study methods, prevalence estimates

did not vary as a function of year of study during the past

three decades. Diagnostic criteria, impairment criterion

and source of information remained significantly associ-

ated with heterogeneity of estimates. Adjusting for meth-

odological characteristics of studies, geographical location

Figure 1. ADHD prevalence estimates as a function of year of study publication. The point sizes are drawn proportional to the inverse of the standard

errors. The predicted average prevalence estimate rate based on a mixed-effects model is added to the plot (with corresponding 95% confidence

interval bounds).
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was not associated with heterogeneity of prevalence

estimates.

As far as we are aware, this is the first study to directly

address the question of a potential increase in prevalence

rates of ADHD over time. Concerns were generated from a

number of studies which showed that rates of diagnosis

and treatment are in fact increasing. Two USA national

landline telephone surveys conducted in 2003 and 2007

asked parents whether or not a doctor or other healthcare

provider had ever told them that their child aged 4 to 17

years (randomly selected for the survey) had ‘attention def-

icit disorder or attention deficit hyperactive disorder’.

Interviews were conducted with about 102 353 and 73 123

children in each respective year. The percentage of children

with a lifetime diagnosis of ADHD increased from 7.8% to

9.5% from 2003 to 2007, a 21.8% increase. In 2007,

among those with a current ADHD diagnosis, 66.3% were

taking medication for the disorder, representing 4.8% of

all children aged 4 to 17 years. Another study using the

medical records of a health plan in California reported

a relative increase of 24% in the incidence of physician-

diagnosed ADHD in children aged 5 to 11 years from

2001 to 2010.14 These figures are in accordance with other

studies conducted in the USA,15–17 UK18 and Canada19

using administrative data from the 1990s and 2000s and

reporting increasing rates of ADHD diagnosis and pre-

scription of medications for the treatment over time. How-

ever, these data do not represent the rates of true

prevalence of the disorder as they rely on administrative

data, physicians or parents who report the diagnosis. True

prevalence rates are estimated by standardized procedures

in representative samples of the community.

This study aggregated original studies that estimated

the prevalence of ADHD by using standard diagnostic cri-

teria, and identified no effect of year of study on the vari-

ability of estimates. This indicates that, controlling for

study methods, the true prevalence of the disorder did not

increase from 1985 to 2012. Considering that ADHD is a

chronic disorder, the absence of modification in prevalence

estimates by year of study indirectly suggests that no in-

crease in the incidence of ADHD occurred over the past

three decades. Given our findings, the increasing rates of

diagnosis of ADHD in clinical and administrative samples

are probably related to increasing awareness and access to

services. However, it is not possible to rule out potential

changes in clinical practices over time. Thus, the validity of

ADHD diagnoses in several clinical settings in certain

countries like the USA should be carefully assessed in stud-

ies designed for this purpose. The estimate of the rates of

diagnosis and treatment does not, in general, exceed the es-

timates of the prevalence of the disorder in the majority of

countries where these data are available. In fact, in some

countries, rates of diagnosis and treatment are below the

estimated prevalence rate, indicating lack of recognition of

the disorder and of access to resources.20,21 However, sur-

veillance studies of medical and non-medical use of medi-

cations for the treatment of ADHD in different cultures are

necessary in order to expand on this issue.

Further results of the meta-regression analysis indicated

that study methods are associated with significant hetero-

geneity of estimates, corroborating previously reported re-

sults that were already extensively discussed.5–7,22

Additionally, with the extension of the number of studies

included, the current analysis had more power to investi-

gate the effect of geographical location on the variability of

estimates, especially for continents less represented in the

previous analysis. The estimate for North America re-

mained no different from those of Europe, Oceania, South

America and Asia. Estimates from Africa and the Middle

East, which increased by 1 and 7 studies, respectively, be-

came no significantly different from that of North Amer-

ica. This is consonant with numerous studies that have

addressed cross-cultural differences in regard to symptom

expression and structure, identification and treatment of

Figure 2. ADHD prevalence estimates over time, as a function of diag-

nostic criteria (A) and geographical location of studies (B).
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ADHD, and that generally demonstrate invariance across

cultures.23–25 Nevertheless, because the vast majority of

studies did not ascertain representative samples of each

country, it is not possible to exclude the possibility that

broader social characteristics impact on the occurrence of

the disorder.26 This issue needs to be further explored.

Our study must be understood in the context of its limi-

tations. First, we analysed cross-sectional studies con-

ducted at different time points and locations using

different methods. To address the question of modification

of the incidence of the disorder over time, higher-quality

data would need to come from repeated cross-sectional

studies (conducted in the same location with the same age

range and using the same methods), successive birth co-

horts, and incidence studies. Unfortunately, we were not

able to identify such data at the present moment. There-

fore, by conducting a meta-regression analysis with a large

number of studies, we were able to hold constant the effect

of methods and study location to estimate the effect of

time. Second, because a substantial proportion of studies

did not report years when the sample was assessed, we

used year of publication as a proxy. However, because the

implicit error in this proxy measure is in the same direction

for all studies with a possible small variation among them,

we understand that this may not have significantly affected

the results. Third, although more studies were included in

the present analysis, there are still substantially fewer stud-

ies in particular geographical locations, especially Africa

and Oceania. More studies in these continents are needed.

Fourth, we cannot exclude the possibility that other meth-

odological characteristics not included in the model or not

even reported by the studies would be associated with het-

erogeneity of results.

In spite of these limitations, our results have important

implications. First, it is necessary to monitor rates of diag-

nosis and treatment of the disorder. Second, the stability of

the prevalence rates estimated by standardized diagnostic

procedures over time indicates that a potential increase of

cultural pressure or social expectations over children has

not driven an increase of real cases of ADHD across the

past three decades. Third, study methods are consistently

associated with heterogeneity of prevalence estimates, and

further standardization across studies is necessary. Fourth,

geographical location is not associated with variability of

ADHD prevalence, which is consistent with the notion

that cultural or social aspects are not implicated in the aeti-

ology of the disorder.

This is the most comprehensive review on ADHD

prevalence studies conducted to date. During the past three

decades, prevalence estimates did not vary as a function of

time. Increasing rates of diagnosis and treatment of ADHD

are likely a reflection of increasing awareness, access to

treatment or changing clinical practices. There is no evi-

dence to suggest an increase in the number of children in

the population who meet criteria for ADHD when standar-

dized diagnostic procedures are followed.

Supplementary Data

Supplementary data are available at IJE online.
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