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designed to clarify such an important question for research 
and clinical practice.

Keywords  ADHD · Adolescence · Risk factors · 
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a com-
mon disorder, [1], traditionally conceptualized as result-
ing from abnormalities in neurodevelopment. Its course 
embodies one challenging scenario, since as many as half 
of affected children present a chronic disorder that persists 
beyond adolescence and throughout adulthood [2], a trajec-
tory that is associated with burden in many aspects of life 
[3–5]. Thus, from the clinical point of view, the identifica-
tion of individuals with increased risk of persistence that 
may benefit from more intensive strategies aiming at long-
term adherence is without any doubt of great value.

The impact imposed by ADHD in childhood and ado-
lescence is highly recognized and documented by several 
studies [6, 7]. Nonetheless, its burden in adulthood is still 
not always recognized, despite investigations clearly docu-
menting it [3, 5, 8, 9]. For example, behavioral disorders 
(ADHD and conduct disorder, CD) were included for the 
first time in the 2010 Global Burden of Disease Study, [10] 
but the impact associated with them was mostly restricted 
to the first two decades of life. Whereas ADHD and CD 
were reported to account for almost two million disability-
adjusted life years (DALYs) between ages 15 and 19 years, 
they were associated with only 200,000 DALYs between 
ages 20 and 24 years. However, the developmental trajec-
tory of these disorders does not suggest that they disappear 
or decrease their impact as sharply as suggested [4]. One 

Abstract  Attention-deficit/hyperactivity disorder (ADHD)  
is traditionally conceptualized as a neurodevelopmental 
disorder that continues into adulthood in up to half of diag-
nosed cases. In light of current evidence, factors associated 
with the course of the disorder remain unknown. We per-
formed a systematic review of the literature searching for 
risk markers from childhood that predicted the persistence 
of ADHD into adulthood. We reviewed 26,168 abstracts and 
selected 72 for full-text review. We identified data from 16 
studies, comprising 6 population-based retrospective sam-
ples and 10 clinical follow-ups. We performed meta-analy-
ses of factors evaluated by at least three studies. Severity of 
ADHD (OR 2.33, 95 % CI = 1.6–3.39, p < 0.001), treatment 
for ADHD (OR 2.09, 95  % CI =  1.04–4.18, p =  0.037), 
comorbid conduct disorder (OR 1.85, 95 % CI = 1.06–3.24, 
p =  0.030), and comorbid major depressive disorder (OR 
1.8, 95 % CI = 1.1–2.95, p = 0.019) emerged as predictors 
already presented in childhood for ADHD persistence into 
adulthood. Further, we suggest that cohort studies should be 
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explanation for the reduced burden of ADHD in older ages 
is the scarcity of follow-up studies.

The first studies to follow hyperactive children beyond 
the school years reported a tendency toward syndrome 
remission during adolescence [11–13]. However, this is 
certainly not the case for every child affected with ADHD. 
Faraone and colleagues [2] pooled ADHD persistence rates 
from ten samples in a systematic review and meta-analy-
sis, reporting an estimate of 15 % when a full syndrome in 
adulthood according to the DSM-IV criteria was required 
(using a 6 symptom cutoff). Moreover, this review also 
indicated that a higher proportion of individuals (up to 
65 %) remain presenting some level of the original symp-
toms and associated impairment [2]. A recent report by 
Moffitt and colleagues confirmed to a large extent these fig-
ures of persistence and further extended the knowledge on 
distinct developmental presentations of ADHD [14].

Even in light of the best available evidence, it is impos-
sible for a clinician to determine whether a child presenting 
with ADHD will sustain the condition through adolescence 
and adulthood, therefore preventing carefully planned long-
term follow-up and treatment. Once available, prevention 
strategies could also play an important role in this group of 
patients. On the other hand, those with a naturally remitting 
course might benefit from a less intensive approach and 
counseling.

Although clinical prospective and retrospective studies 
might be informative for clinicians dealing with patients 
with the same characteristics as those from clinical sam-
ples, markers of ADHD persistence or remission from 
population-based studies are essential to understand the 
natural history of the disorder. Our objective is to iden-
tify the current knowledge in terms of factors associated 
with ADHD persistence or remission from childhood until 
adulthood through a systematic review of the literature. We 
hypothesize that no isolated marker will be homogeneously 
presented in different studies and the heterogeneity of the 
methods in studies will prevent a complete understanding 
of the predictors of different ADHD trajectories from child-
hood to adulthood.

Methods

The search intended to find prospective or retrospective 
studies that had an assessment of ADHD status in child-
hood (operationalized as before age 12) and adulthood 
(operationalized as after age 18), and information (clinical, 
demographic, genetic, neurobiological) from childhood. 
The assessment of ADHD status in childhood should be 
based on interviews in clinical studies and on interviews 
or retrospective self-report in population-based studies. 
To address the question of which variable is associated 

with persistence of ADHD, it was required that the study 
reported the information both for the subjects who per-
sisted as well as for those who remitted. We also included 
review articles about the course of ADHD to perform hand 
search of reference lists. Our only exclusion criterion was if 
data came from intervention (pharmacological or psycho-
social) studies, but no study was excluded by this criterion.

We searched three major literature databases: Medline, 
Web of Science and PsycINFO. We designed the algorithm 
in a composed structure with three sets of terms: one to cap-
ture different writings for ADHD; a second to address the 
longitudinal design required by the inclusion criteria; and a 
third comprising the vocabulary of risk markers. The final 
search expression was as follows: (“ADHD” OR “ADD” 
OR “attention deficit” OR “attention-deficit/hyperactivity” 
OR hyperactiv* OR overactiv* OR inattent* OR “hyper-
kinetic disorder”) AND (“adult” OR “adults” OR “adult-
hood” OR “course” OR “lifetime” OR persist* OR “remis-
sion” OR “remits” OR declin* OR “lifespan” OR “stable” 
OR “stability”) AND (“risk factor” OR “risk factors” OR 
predictive factor* OR “risk marker” OR “risk markers” OR 
“protective factors” OR “protective factor” OR prognos* 
OR “follow” OR “longitudinal” OR “long term” OR “pro-
spective” OR “predictor” OR “predictors” OR outcome* 
OR “later”). Two authors (A.C. and A.V.S.) independently 
reviewed the abstracts and discussed disagreements with 
a third author (C.K.) (Fig. 1). We searched genetic studies 
with the search terms described above with an additional 
set of terms: AND (“gene” OR “genetics” OR “gene–gene 
interaction” OR “epistasis” OR “pathway analysis” OR 
“genome-wide association study” OR “GWAS” OR “candi-
date gene study” OR “cross-disorder”), and a different date 
range: from June 1, 2011 until April 20, 2015. Franke and 
colleagues [15] had already reviewed the literature prior to 
that date. One author (D.L.R.) reviewed the reference list 
of this review and additional abstracts using the database 
search strategy and discussed findings with C.H.D.B.

Studies that were in accordance with the inclusion crite-
ria or that could not be included based only on the content 
of the abstract were selected for a full-text review, and the 
references of these studies were also reviewed. Finally, we 
contacted experts in the area with the final list attached to 
ask for important publications that could have been missed. 
Two authors (A.C. and A.V.S.) independently extracted 
the following data from selected studies: sample setting, 
number of subjects enrolled, study design, age of first and 
last assessment, diagnostic instruments and disorder defi-
nition. They assessed predictors on persistence, including 
factors from childhood that were compared between those 
who persisted and those who outgrew the disorder. They 
also collected data on the magnitude of association, such 
as odds ratio (OR), risk ratio (RR), or hazard ratio (HR), as 
presented in the studies. When no OR/RR was reported, but 
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the frequency of persistence in two risk groups was avail-
able, we calculated OR in retrospective studies and RR in 
prospective studies, and 95  % confidence intervals (95  % 
CI) with standard procedure of 2 ×  2 table. For continu-
ous variables, the authors extracted the means and stand-
ard deviations and calculated standardized mean difference 
(SMD) between the groups. When factors were assessed 
by at least three studies that provided sufficient data, we 
used meta-analytic techniques with random-effects model 
to estimate the overall effect size using computed OR and 
95 % CI for all the studies included, using Comprehensive 
Meta-Analysis Software [16]. This study was approved 
by the Ethics Committee of Hospital de Clínicas de Porto 
Alegre, under the number 140618.

Results

Of the initial 32,375 abstracts (26,168 after exclusion of 
duplicates), we selected 72 original studies for full-text 
review, of which 12 were included in the final list. The 
hand search of reference lists did not include new refer-
ences. The expert consult retrieved two other studies (one 
book and one doctoral thesis). The search for genetic 

studies retrieved 862 new abstracts on the topic, included 
36 articles for full-text review and selected two studies. The 
final list consisted of 16 studies (Table 1). We did not per-
form publication bias analyses due to the small number of 
studies included for each risk factor.

Socio‑demographic features

Ten studies evaluated gender as a predictor of the course 
of ADHD, with eight of them finding no difference in per-
sistence between males and females [17–25]. Two prospec-
tive studies had different results: Breyer and colleagues 
[26] observed a lower persistence for males (RR 0.68, 
95 % CI = 0.5–0.91, p < 0.001), similarly to Cheung [27] 
(RR 0.76, 95  % CI =  0.68–0.85, p  <  0.001). Eight sam-
ples were included in the meta-analysis (Fig. 2a), resulting 
in a pooled OR of 1.23 (95 % CI = 0.84–1.81, p = 0.295). 
Regarding socioeconomic status (SES) at childhood, 
three [19, 26, 28] reported no difference between persist-
ers and remitters. Cheung et  al. [27], however, observed 
a lower SES at baseline in the group that persisted com-
pared to those who remitted (3.38 ± 1.01 vs. 4.41 ± 0.88, 
p =  0.01). Three studies were included in the meta-anal-
yses (Fig.  2h), resulting in a pooled SDM of 0.18 (95  % 

Fig. 1   Search strategy
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CI = −0.23 to 0.59, p = 0.387). Four studies that evaluated 
intelligent quotient (IQ) at baseline were unanimous about 
not finding any influence of this factor in the persistence of 
ADHD [21, 22, 26, 28]. We meta-analyzed data from three 
studies (Fig. 2i), resulting in a pooled SDM of 0.03 (95 % 
CI = −0.18 to 0.23, p = 0.805). Only one study [22] evalu-
ated gestational age and birth weight and it did not find dif-
ference between the groups.

ADHD characteristics

Six studies evaluated the severity of ADHD as a predictor 
of the course of the disorder. Four of these [17, 19, 23, 24] 
reported significantly higher levels of persistence for indi-
viduals with severe impairment, with OR and RRs rang-
ing from 1.31 to 3.37. Biederman and colleagues [20] and 
Chang and colleagues [21] found no significant difference 
in persistence related to severity. We included four stud-
ies in the meta-analysis (Fig.  2c), resulting in a pooled 
OR of 2.33 (95 % CI = 1.6–3.39, p < 0.001). Individuals 
who were treated for ADHD were more likely to continue 

to have the disorder at follow-up according to Kessler 
et al. [23] (OR 4.5, 95 % CI = 1.7–11.8, p = 0.002), in a 
study that defined positive treatment history if the individ-
ual had any professional treatment before age 15, as well 
as to Chang et al. [21] (OR 9.56, 95 % CI = 2.09–43.67, 
p  =  0.004) that defined positive treatment if the indi-
vidual used standard medication (i.e., any form of meth-
ylphenidate to an optimum dosage) for at least 6 months. 
This effect remained significant even after controlling for 
ADHD severity. However, this was not observed in four 
other studies.[19, 20, 24, 26] We included five studies in 
the meta-analysis (Fig.  2b), resulting in a pooled OR of 
2.09 (95 % CI = 1.04–4.18, p = 0.037). Three investiga-
tions assessed age at onset. None of them found significant 
differences between persisters and remitters [17, 19, 20]. 
We could not perform meta-analysis due to insufficient 
data (Supplementary Table  1). Four studies evaluated the 
effect of diagnostic subtypes in the course of ADHD. Kes-
sler and colleagues [23] reported that individuals with com-
bined type, compared to those with either predominantly 
inattentive or hyperactive types, were at a significantly 

Table 1   Studies’ characteristics

N (total) number of subjects assessed in community-based samples, Childhood ADHD number of subjects diagnosed with childhood ADHD, 
DIS-IV Diagnostic Interview Schedule for DSM-IV, ACDS V1.2 Adult ADHD clinical Diagnostic Scale, CIDI Composite International Diagnos-
tic Interview, K-SADS-E Schedule For Affective Disorders And Schizophrenia Epidemiological Version, SCID-III Structured Clinical Interview 
for DSM-III, SCID-IV Structured Clinical Interview for DSM-IV, SNAP-IV Swanson, Nolan, and Pelham Version IV scale, ASRS Adult Self-
Report Scale Symptom checklist, M.I.N.I. Mini International Neuropsychiatric Interview, SSAGA-II Semi-Structured Assessment For Genet-
ics Of Alcoholism, CPRS-R Conners Parent Rating Scale-revised, WWPARS Werry-Weiss-Peters Activity Rating Scale, HSQ Home Situations 
Questionnaire, CDIS Clinical Diagnostic Interview Scale, CAADI Conner’s Adult, ADHD Diagnostic Interview, DICA-R-P Diagnostic Interview 
for Children and Adolescents Revised-Parent version, PACS Parental Account of Childhood Symptoms, DIVA Diagnostic Interview for ADHD in 
Adults
a  Genetic studies
b  Study comprising three samples

Study N (total) Individuals with  
childhood ADHD

Sample Design Persistence  
rate (%)

Diagnostic procedure

Kessler et al. [23] 3197 346 Population based Retrospective 36.3 DIS-IV, ACDS V1.2

Russel et al. [17] – 158 Clinical Prospective 40.7 CPRS-R + WWPARS + HSQ, 
DSM-IV structured interview

Lara et al. [24] 11,422 629 Population based Retrospective 50 CIDI

Biederman et al. [32]a,b – 563 Clinical Mixed – K-SADS-E, SCID-IV

Clarke et al. [30] – 36 Clinical Prospective 63.2 Clinician interview

Chang et al. [21] – 192 Clinical Prospective 51 DIS-IV, Conner’s

Biederman et al. [19] – 110 Clinical Prospective 35 K-SADS-E, SCID-IV

Biederman et al. [20] – 96 Clinical Prospective 33.3 K-SADS-E, SCID-IV

Ebejer et al. [25] 3795 49 Population based Retrospective 55.3 SSAGA

Roizen et al. [28] – 103 Clinical Prospective 11 DSM-II, SCID-III

Barbaresi et al. [18] 5718 232 Population based Retrospective 29.3 School and medical records, MINI

Yang et al. [29] 1382 196 Population based Retrospective 74.7 SNAP-IV, ASRS

Li et al. [31]a – 258 Clinical Prospective 65.8 CDIS,CAADI

Breyer et al. [26] – 150 Clinical Prospective 52.6 DICA-R-P

Cheung et al. [27] – 110 Clinical Prospective 79 PACS, DIVA

Francx et al. [22] – 101 Clinical Prospective 58.4 PACS, K-SADS
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higher risk for the persistence of ADHD into adulthood 
(OR 2.4, 95  % CI =  1.3–4.2, p =  0.003). Yang and col-
leagues [29] reported that adults with combined subtype 
of ADHD in childhood had the most severe adult ADHD 
(p < 0.001). Lara and colleagues [24] found a greater per-
sistence in individuals who reported only inattentive prob-
lems (OR 2.7, 95 % CI = 1.3–5.6, p = 0.008), inattentive 
and sub-threshold impulsive–hyperactive (OR 5.1, 95  % 

CI  =  1.8–14.5, p  =  0.002), and combined subtype (OR 
12.4, 95 % CI = 4.5–34.5, p < 0.001) when compared to 
those who reported only impulsive–hyperactive symptoms 
at childhood. Further, Cheung et al. [27] observed that per-
sisters had higher scores of inattention, but not of hyper-
activity, in childhood (as rated by parents). We could not 
perform meta-analysis due to insufficient and incompatible 
data (Supplementary Table 1).

Fig. 2   Meta-analyses of selected (we selected markers when data 
from at least three studies were available to include in the meta-
analysis) risk markers of ADHD persistence. ADHD attention-deficit/
hyperactivity disorder,ODD oppositional defiant disorder,CD conduct 
disorder, MDD major depressive disorder. Note: All analysis used 
random-effects model to estimate weights of individual studies. Val-

ues of association of each study may differ of those reported in the 
text because of transformation to odds ratio even in prospective stud-
ies. Hash symbol for this analysis, we estimated odds ratios including 
two parallel samples by Biederman [19, 20] that had similar design 
but included boys and girls only
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Comorbidities

Chang and colleagues [21] observed a higher persistence 
in individuals with comorbid oppositional defiant disor-
der (ODD) (RR 1.42, 95 % CI =  1.14–1.76, p =  0.002). 
Barkley and Fischer [17] had similar results (RR 2.2, 95 % 
CI  =  1.51–3.22, p  <  0.001). Two other studies [20, 28] 
found no association between ODD and persistence. We 
included these four studies in the meta-analysis (Fig. 2d), 
resulting in a pooled OR of 1.65 (95  % CI =  0.75–3.65, 
p =  0.213). Comorbid conduct disorder (CD) was evalu-
ated as a predictor of persistence by five studies [17, 
19–21, 28], but only Biederman et  al. [20] found a sig-
nificant association. We included four studies in the meta-
analysis (Fig. 2e), resulting in a pooled OR of 1.85 (95 % 
CI  =  1.06–3.24, p  =  0.030). Major depressive disorder 
(MDD) was a risk marker for the persistence of ADHD 
in the sample studied by Lara et  al. [24] (OR 2.2, 95  % 
CI =  1.1–4.3, p =  0.023), but not in three other studies 
[19–21]. We included three studies in the meta-analysis 
(Fig. 2f), resulting in a pooled OR of 1.8 (95 % CI = 1.1–
2.95, p = 0.019). Biederman and colleagues [19] reported 
a higher persistence of ADHD in boys with multiple (two 
or more) anxiety disorders (p < 0.05), but this finding was 
not consistent with two other studies [20, 21]. We could not 
perform meta-analysis due to insufficient data (Supplemen-
tary Table 1). The presence of three or more comorbidities 
increased the odds of persistence by 1.7 (95 % CI = 1.1–
2.6, p  =  0.016) in the study by Lara et  al. [24], while 
Chang et al. [21] found no such association (RR 1.18, 95 % 
CI = 0.82–1.71, p = 0.377).

Exposure to adversities and trauma

Lara and colleagues [24] found no association between 
trauma exposure and persistence (OR 1.3, 95 % CI = 0.8–
2.3, p =  0.33), a finding consistent with that reported by 
Kessler et  al. [23] (p =  0.71). Parental psychopathology 
increased the odds of persistence in two contexts, accord-
ing to Lara et al. [24]: paternal anxiety-mood disorder (OR 
2.4, 95 % CI = 1.1–5.5, p = 0.033) and parental (mother 
or father) antisocial personality disorder (OR 2.2, 95  % 
CI  =  1.2–4.2, p  =  0.014). With regard to exposure to 
adversities, Biederman and colleagues [20] reported higher 
persistence in girls with a first-degree relative affected with 
multiple (two or more) anxiety disorders (p  <  0.05). The 
same study also found that children that lived with only one 
parent were at higher risk for persistence (RR 1.29, 95 % 
CI = 1.07–1.55, p = 0.007), but this finding was not rep-
licated in two other samples [19, 26]. We included three 
studies that evaluated single parent family as risk marker 
of persistence in the meta-analysis (Fig. 2g), resulting in a 
pooled OR of 1.08 (95 % CI = 0.36–3.25, p = 0.892).

Neuropsychological measures

Roizen [28] studied the performance in neuropsychological 
tests, including working memory, visual motor integration, 
visual sequential memory and omission–commission per-
formance test, among others, as a risk factor for persistence 
of ADHD. The author has also created a neuropsychologi-
cal factor, developed with the average of the z-scores of all 
the tests. None of the variables were associated with per-
sistence, including the neuropsychological factor (OR 0.70, 
95 % CI = 0.25–1.95, p = 0.496). Cheung et al. [27] also 
evaluated neuropsychological measures, including reaction 
time variability, commission errors, omission errors, choice 
impulsivity, digit span forward and digit span backward, 
among others, finding no association with persistence of 
ADHD.

Electroencephalogram profile

Clarke and colleagues [30] investigated 38 boys diagnosed 
with ADHD and 38 controls, performing EEG assessments 
at a mean age of 9.8  years. They found that the ADHD 
group had a higher theta activity and decreased beta and 
delta activity compared to controls, and a higher theta/
beta ratio, which was consistent with previous reports 
in the literature. The authors followed the individuals for 
11 years until adulthood and had their ADHD status reas-
sessed. Interestingly, those who outgrew the disorder had 
a baseline EEG pattern that was the most divergent from 
that of the control group, being responsible for most of the 
difference between ADHD and control groups reported at 
baseline. This could possibly mean that those whose symp-
toms are due to brain abnormalities that result in an altered 
electrical activity detected by the EEG have a tendency 
toward remission as a result of brain maturation through 
development.

Genetics

Li and colleagues [31] evaluated the effect of two single 
nucleotide polymorphisms (SNPs) in the dopamine recep-
tor D4 (DRD4) gene (rs1800955, rs916455) on ADHD 
persistence in a small Chinese sample of adults (n = 193). 
Although there was no evidence of association with the 
rs1800955 polymorphism, they found a significant effect 
of the rs916455 on ADHD persistence. After 11  years of 
follow-up, 56 % of individuals carrying the T allele were 
considered remitters, compared to only 26.6 % of individu-
als not carrying this allele (HR = 1.03, 95 % CI = 1.00–
1.05, p = 0.018). Biederman and colleagues [32] examined 
the role of three candidates genes (DRD4, dopamine trans-
porter—DAT1, and serotonin transporter—5HTT), which 
had been previously associated with ADHD in the course 
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of this disorder. The authors aggregated data from three 
samples, encompassing 563 individuals. Survival analyses 
revealed no significant effects of polymorphisms in DAT1 
(HR = 1.02, 95 % CI = 0.68–1.52, p = 0.923) and 5HTT 
(HR  =  1.13, 95  % CI  =  0.67–1.89, p  =  0.644) genes. 
However, a variable number of tandem repeats (VNTR) 
polymorphism in exon 3 of the DRD4 gene (DRD4 48 bp-
VNTR) was significantly associated with the course of 
ADHD (HR =  1.66, 95  % CI =  1.02–2.69, p =  0.040). 
At the age of 25  years, 76  % of the individuals carrying 
the DRD4 7-repeat allele still had the diagnosis of ADHD, 
while this same estimate was 66 % in individuals not carry-
ing this allele.

Discussion

In many areas of medicine, the advance in the establish-
ment of accurate prognosis for chronic disorders has led 
to meaningful improvements in the development of target 
intervention and personalized care [33]. ADHD, despite 
being one of the most studied health conditions [34], lacks 
such relevant clinical data. This is, to our knowledge, the 
first systematic review assessing risk markers for the per-
sistence of ADHD from childhood into adulthood. We 
searched the literature in three databases reviewing more 
than 26,000 abstracts, searched the references of pre-
selected studies, and contacted experts in the area of ADHD 
and follow-up studies to evaluate our final list and suggest 
missing references. Nonetheless, the literature proved to be 
scarce and asymmetric in the field: out of more than 20,000 
articles published on ADHD only in Medline until April 20, 
2015, we found only 16 studies that looked into the course 
of ADHD from childhood into adulthood focusing on risk 
factors—what represents 0.08  % of the literature on the 
disorder.

Furthermore, the studies evaluated assorted factors that, 
in many cases, do not enable enough comparisons or mean-
ingful conclusions. The role of comorbid ODD, for exam-
ple, was investigated by four studies with divergent results. 
Other important issues, such as exposure to trauma, life-
time adversities, genetic factors and perinatal factors, were 
evaluated by even fewer studies. However, meta-analytic 
techniques enabled some more solid and interesting con-
clusions. A severe presentation of ADHD, treatment for 
ADHD, and comorbid conduct disorder and major depres-
sive disorder in childhood was significantly associated with 
persistence of symptoms into adulthood (Fig.  2). These 
findings have important implications for clinical practice 
and research. Children with this profile could receive spe-
cialized care as they have a known tendency to persist with 
an impairing disorder throughout development. Meanwhile, 
researchers willing to develop preventive interventions 

could benefit from the present review to select children at 
risk for persistence.

The fact that ADHD treatment emerged as a risk marker 
of persistence was a surprising result. However, there are 
important issues involving this particular finding. For exam-
ple, it is self-evident that a child is more likely to receive 
treatment if presenting with a severe disorder, which was 
the most consistent marker of persistence in our meta-anal-
ysis. On the other hand, two of the five studies included 
have found a significant association with treatment, which 
led them to run the analysis controlling for severity, and the 
effect did not disappear [21, 23]. In this case, an alternative 
explanation for the observed phenomenon is that the instru-
ments used to measure the severity in those studies may not 
be so sensitive, neglecting some of the manifestations that 
makes a clinician inclined to start treatment.

According to our meta-analysis, female gender was 
not associated with ADHD persistence into adulthood. 
Based on theoretical models of ADHD, we expected that 
female gender would emerge as a significant risk factor, 
since the male-to-female ratio in clinical samples goes 
from 3:1 in childhood to around 1:1 in adulthood [35, 
36], suggesting that males had a tendency to outgrow the 
disorder, while females had a tendency to persist. Our 
results do not support this hypothesis. However, gen-
der differences in externalizing disorders are influenced 
by treatment referral bias and are a good example of an 
analysis that would benefit from prospective, population-
based designs.

Our findings should be interpreted under the light 
of limitations. The results of any systematic review and 
meta-analyses hinge on the methodological quality of 
included studies. Six of the studies included were retro-
spective and vulnerable to an increased recall bias. The 
other ten were derived from clinical samples, making 
them subject to a higher selection bias. We have not found 
any prospective, population-based study that addresses the 
topic. Long-term follow-up studies are faced with issues 
of diagnosis definition: children and adult evaluation 
made use of different criteria, challenging the interpreta-
tion of persistence. Furthermore, reports were limited by 
the set of factors available for assessment, as most stud-
ies were clearly not designed with the primary purpose 
of evaluating risk markers for the persistence of ADHD. 
Finally, we assessed risk markers for one possible trajec-
tory of ADHD (i.e., from childhood to adulthood). Clini-
cal cohorts of individuals with ADHD firstly diagnosed in 
adulthood and followed for several years also suggest that 
different risk factors might operate in determining persis-
tence during this age range or that these patients represent 
a different subset in ADHD clinical samples [37].

The present review identified an overlooked question of 
research in the ADHD literature. The current knowledge 
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about risk markers of the course of ADHD is still unsatis-
factory to guide clinical practice. We recommend that pro-
spective, population-based cohort studies should address 
this issue. Such studies will provide valuable insights into 
ADHD across the lifespan.
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