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Abstract

Objective—To determine childhood factors that predict attention-deficit/hyperactivity disorder 

(ADHD) persistence and desistence in adulthood.

Method—Regression analyses were used to determine associations between childhood factors 

and adult ADHD symptom persistence in 453 participants (mean age = 25 years) from the 

Multimodal Treatment of ADHD study (MTA). Childhood IQ, total number of comorbidities, 

child-perceived parenting practices, child-perceived parent-child relationships, parental mental 

health problems, marital problems of parents, household income levels and parental education 

were assessed at a mean age of 8 years in all participants. Adult ADHD persistence was defined 

using DSM-5 symptom counts either with or without impairment as well as mean ADHD 

symptom scores on the Conners’ Adult ADHD Rating Scale (CAARS). Age, sex, MTA site and 

childhood ADHD symptoms were covaried.

Results—The most important childhood predictors of adult ADHD symptom persistence were 

initial ADHD symptom severity (OR = 1.89, SE = .28, p = .025), comorbidities (OR = 1.19, SE = .

07, p = .018), and parental mental health problems (OR = 1.30, SE = .09, p = .003). Childhood IQ, 

socioeconomic status, parental education and parent-child relationships showed no associations 

with adult ADHD symptom persistence.

Conclusion—Initial ADHD symptom severity, parental mental health and childhood 

comorbidity affect persistence of ADHD symptoms into adulthood. Addressing these areas early 

on may assist in reducing adult ADHD persistence and functioning problems.

Keywords

Attention-deficit/hyperactivity disorder (ADHD); adulthood; family; comorbidity; IQ

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a childhood-onset neurodevelopmental 

condition characterised by symptoms of hyperactivity, impulsivity and inattention.1 Once 

considered to be childhood-limited, ADHD is now widely recognised to persist long into 

adolescence and adulthood.2 Studies suggest that of all children with ADHD, 45%–85% are 

symptomatic in adolescence while 50%–60% continue to show symptoms in adulthood.3–6 

The large heterogeneity in persistence rates is partly determined by the age at which 

symptoms are assessed; symptoms of ADHD, particularly hyperactivity/impulsivity, 

decrease with age leading to lower persistence rates at adulthood than adolescence.3,5,7 
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Further, heterogeneity in persistence rates also result from the varying definitions of 

persistence employed by studies. Nevertheless, it is agreed that only some individuals with a 

childhood diagnosis may improve sufficiently to not be diagnosed with ADHD in adulthood 

(desisters) while others continue to show symptoms and qualify for a diagnosis (persisters) 

in adult life.

Persisters and desisters differ in a number of characteristics. Persisters are more likely than 

desisters to have comorbid oppositional, addiction, anxiety and depression problems as well 

as functioning difficulties in social, educational, emotional and cognitive domains.8–12 It is 

not understood whether such differences are cause, effect, or simply associated through 

some third factor. More importantly, it is not known if such differences in functioning are 

already present at an early age and predate the divergence in ADHD symptom profiles into 

persistent and desistent types.

A number of studies have assessed effects of childhood functioning and family 

characteristics on ADHD persistence showing that ADHD severity, comorbid oppositional 

and conduct problems, cognitive difficulties and functional impairments increase the risk for 

persistence in late childhood and early adolescence.10,12,13–14 Few studies, though, have 

followed up children with ADHD into late adolescence and adulthood.15–19 Of these, 

Biederman et al,15 Biederman et al,16 and Cheung et al17 have assessed the effects of several 

factors on ADHD persistence, but include participants with a wide age-range at follow-up. 

As participants with persistent ADHD in both mid-adolescence and adulthood were 

included, it is not clear which factors were associated specifically with adult persistence. A 

few other studies have included a narrower age range, restricting assessment of persistence 

to adulthood.18–20 However, these studies too may be limited as they assess effects of only a 

few childhood factors (such as comorbid internalising/externalising problems, ADHD 

symptom severity) on adult ADHD symptoms.

Most previous studies have assessed effects of parental mental health and childhood 

comorbidity on ADHD symptoms.11–12,21–22 While these are important predictors of 

persistence, effects of other family and child characteristics cannot be ignored. For example, 

socioeconomic status (SES) and family relationships affect children’s upbringing and their 

coping abilities.23–26 Similarly, poor parenting and low parental education may be 

associated with impaired prognosis.27–28 Such factors can have far-reaching downstream 

effects on functioning, and should arguably worsen ADHD persistence. Finally, concurrent 

IQ levels distinguish between young adults with and without persistent ADHD. 29 Thus, 

childhood IQ may too be an important predictor of adult ADHD persistence.

This study aims to assess effects of family characteristics and childhood functioning on risk 

for persistence of ADHD into early adulthood. It is important to determine, specifically, the 

predictors of adult persistence, which may differ from predictors of adolescent persistence. 

Though adolescence is associated with increased social requirements, adulthood is 

associated with demands for independent functioning. Such demands may lead to 

differences in coping abilities at adolescence and adulthood and consequently produce 

differences in effects of early factors on persistence at the two time-points. We include a 

Roy et al. Page 3

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



wider range of early factors than previous studies, and assess their effects on ADHD 

symptom persistence.

METHOD

Sample

This study was based on data from the National Institute of Mental Health – Multimodal 

Treatment Study of Children with ADHD (MTA) cohort. The MTA was a 14-month 

randomized treatment study of 579 children with ADHD, aged 7–10 years, with naturalistic 

follow-ups to 16 years after baseline. Follow-up assessments were made in childhood (3 

years after baseline), adolescence (6, 8 and 10 years after baseline), and adulthood (12, 14 

and 16 years after baseline). The current study uses data from participants assessed at the 

adult follow-up assessments and from their baseline measurements (n = 453, 21.8% females, 

mean age = 24.7 years, age range = 19–28 years). Further details on the MTA sample are 

available in previous publications.30–34 For a comparison of the sample and participants lost 

to follow-up, see Table S1, available online.

The study was approved by Institutional Review Boards and procedures were carried out in 

accordance with the Declaration of Helsinki. All participants were informed of the study 

procedures and provided written consent.

Measures

Outcome—The Conners’ Adult ADHD Rating Scale (CAARS) was used to assess 

symptoms of ADHD at the adult assessments. Scores from the last available time point of 

12, 14 or 16 years were used. Presence of an ADHD symptom was defined as a score of 2 or 

more on the four-point CAARS scale (0 = never, 1 = once in a while, 2 = often, 3 = very 

frequently) when endorsed by either parent or participant. Persistence of ADHD in 

adulthood was defined using DSM-5 symptom cut-off criteria (at least 5 inattentive or 5 

hyperactive-impulsive symptoms).

Baseline Predictors—(i) IQ was measured using the Wechsler Intelligence Scale for 

Children, 3rd ed. (WISC-III). The predictor variable used was full scale IQ, which is a 

composite measure of performance on all verbal and non-verbal subtests.30 (ii) Childhood 

comorbidity was defined as the total number of comorbid diagnoses present according to 

DSM-III-R criteria as assessed by the Diagnostic Interview Schedule for Children – Parent 

version (DISC-P).30–31 (iii) Parental mental health was assessed using the Structured 

Clinical Interview for DSM Disorders – Non Patient (SCID-NP). Presence of either a 

maternal or paternal mental health condition was considered as a parental diagnosis. Parental 

morbidity was defined as the total number of parental diagnoses (either mother or father) on 

the SCID-NP. (iv) Socioeconomic status was defined as the total household income level, 

measured on categorical scale of 1–10 (1 < $10,000 per annum and 10 ≥ $75,000 per 

annum). (v) Parental education was the highest education received between mother and 

father. (vi) Parental marital relationship was the total number of separations/divorces (of 

mother/father figure) experienced by the child. (vii) Parent-child relationships were assessed 

with the parent-child relationship questionnaire;34 child reports were used to minimize 
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bias.35 Children rated their relationship quality with 40 items on a five-point scale (1 = 

hardly, 2 = not too much, 3 = somewhat, 4 = very much, 5 = extremely). Composite scores 

reflected five domains of parent-child relationships: possessive/protective, affectionate/

admiring, conflicting, nurturing/intimate, participating/involved. (viii) Parenting styles were 

assessed using the child-reported Alabama Parenting Questionnaire (APQ). A total of 51 

items are rated on a five-point scale (1 = never, 2 = almost never, 3 = sometimes, 4 = often, 5 

= always) and composite scores were used to define six domains of parenting practices: 

parental involvement, positive parenting, inconsistent discipline, low monitoring and 

supervision, appropriate discipline, harsh discipline.34 A low score indicated poor 

performance in that domain.

Covariates—Age (at baseline), sex, original MTA site of randomization, and ADHD 

symptom scores (at baseline) were included as covariates. ADHD symptom severity at 

baseline was defined as mean parent- and teacher-reported scores on the Swanson, Nolan, 

and Pelham (SNAP) scale.31

Analyses

Of the 453 participants, 49.2% had missing data on one or more variables. Missingness on 

baseline predictors ranged from 1.1% to 39.3% (Table S2, available online). We performed 

multiple imputations by chained equations and assumed that data were missing completely 

at random (MCAR) or missing at random (MAR). Logistic regression was performed to 

determine if missingness could be predicted by all baseline variables. Results showed that 

baseline predictor variables individually explained 14% to 24% of the variance (Nagelkerke 

R2) partly supporting the assumption of MAR. We created models for data imputation 

wherein all variables that were correlated (bivariate correlations ≥ 0.1) with missingness in 

the data were included. Multiple imputation was performed using fully conditional 

specification in which separate models specify the distribution for each variable with 

missing data.36 Predictive mean matching was used to impute missing data for continuous 

variables, while ordered logit models and multinomial logit models were used to impute 

ordinal and categorical variables, respectively. As the recommended number of imputations 

should equal the percentage missingness,37 39 imputed datasets (for maximum missingness 

= 39.1%) were constructed with 10 iterations each. Results from each imputed dataset were 

pooled according to Rubin’s method for multiple imputation inference.38

Binary logistic regressions were used to determine associations between baseline predictors 

and adult ADHD persistence. First, all predictors were entered in the regression model, 

including the covariates age at baseline, sex, and MTA site. Next, baseline ADHD symptom 

scores were added to the model as an additional covariate to test for unique prediction from 

the hypothesized childhood variables after controlling for overlap with childhood ADHD 

symptomatology.

Sensitivity analyses were carried out to further explore the associations of childhood factors 

with adult ADHD symptom persistence. First, individuals were regrouped as persistent or 

desistent depending on the presence of functioning impairment in adulthood, in addition to 

the DSM-5 symptom cutoffs. Impairment was defined as a score of 3 or more on either self- 
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or observer-rated Impairment Rating Scales (IRS).39 Logistic regression analyses were rerun 

(first with only age, sex and site as covariates and second with baseline ADHD symptoms as 

an additional covariate) using the new persistence classification as outcome measure. 

Second, continuous adult ADHD symptom scores were used as the outcome measure. Adult 

ADHD symptoms were defined as mean scores on self- and observer-reported CAARS 

ratings. Linear regression analyses were used to determine associations between baseline 

factors and continuous adult ADHD symptom scores, controlling for age, sex, and site in the 

first step and baseline ADHD symptoms additionally in the next step.

Statistical analyses were conducted with R software, version 3.1.1. Multiple imputation was 

performed using the mice package. All results at a two-sided value of p ≤ .05 were 

considered significant given the long 16-year window of prediction.

RESULTS

Based on DSM-5 symptom count, 226 (49.9%) of participants were classified as symptom 

persisters and 227 (50.1%) as symptom desisters. Table 1 presents distributions of baseline 

variables in the complete-case dataset (Table S3, available online, presents distributions of 

variables in the imputed dataset).

Logistic regression analyses on the imputed dataset showed that childhood comorbidity was 

associated with a 15% likelihood of ADHD symptom persistence (OR = 1.15, SE = 0.07, p 

= .035). Parental mental health problems were associated with a 35% likelihood (OR = 1.35, 

SE = 0.09, p = .004) and parental marital relationships with a 36% likelihood (OR = 1.36, 

SE = 0.15, p = .038) of persistence. Appropriate parental discipline was associated with a 

39% likelihood of desistence (OR = 1.39, SE = 0.13, p = .013). No associations were found 

between childhood IQ, child-perceived parent-child relationships, parental education, SES 

and ADHD symptoms at adulthood (Table S4, available online).

Table 2 presents results of logistic regression analyses after controlling for childhood ADHD 

symptoms. ADHD symptom severity in childhood was associated with a 39% likelihood of 

adult persistence. Parental mental health problems were associated with a 28% risk of 

ADHD persistence. Appropriate parental discipline was associated with a 38% likelihood of 

ADHD symptom desistence in adulthood. No significant associations of childhood 

comorbidity or parental mental health with persistence were found (Table 2).

Sensitivity analyses – using impairment ratings with symptom cut-offs to define persistence 

– showed that 34.7% (n = 157) of the participants met criteria for persistence. Logistic 

regression analyses using this new grouping of persisters showed associations of childhood 

comorbidity (OR = 1.21, SE = .07, p = .007) and parental mental health problems (OR = 

1.31, SE = .09, p = .002) with ADHD persistence. After covarying childhood ADHD 

symptoms (OR = 1.89, SE = .28, p = .025), associations were still found between childhood 

comorbidity and persistence (OR = 1.19, SE = .07, p = .018) as well as parental mental 

health and persistence (OR = 1.30, SE = .09, p = .003). Further, linear regressions were used 

to determine effects of baseline factors on continuous adult ADHD scores (mean = 0.96, SD 

= .50). Results showed associations of childhood comorbidity (B = .05, SE = .02, p = .001) 
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and parental mental health problems (B = .07, SE = .02, p < .001) with adult ADHD 

symptoms. After covarying baseline ADHD symptoms (B = .15, SE = .06, p = .011), 

childhood comorbidity (B = .04, SE = .02, p = .005) and parental mental health (B = .07, SE 

= .02, p = .001) were associated with adult ADHD symptomatology. No associations of IQ, 

parent-child relationships, parenting styles, parental education, parental marital problems, 

SES with adult ADHD persistence (defined with impairment ratings) or adult ADHD 

symptom scores were found. Table 3 presents an overview of results from all analyses.

DISCUSSION

This study investigated childhood factors that predict a risk for persistence of ADHD into 

adulthood. Childhood psychiatric comorbidity, parental mental health, parental marital 

relationships and parenting styles were associated with persisting ADHD symptomatology. 

Of the four above-mentioned predictors, only childhood comorbidity and parental mental 

health were consistently associated with adult ADHD symptom persistence. We found no 

associations of IQ, household income, parental education, or parent-child relationships with 

adult ADHD persistence.

Throughout all analyses carried out in this study, we consistently found no associations of 

IQ, income and parental education with adult ADHD symptom persistence. Research 

suggests that IQ and ADHD symptoms are related both concurrently as well as 

prospectively. It is possible though, that ADHD symptom levels are a stronger predictor of 

IQ than the other way around. One study reported that IQ levels predicted ADHD 

persistence in late adolescence and young adulthood.29 These results are different from ours 

and may be related to the inclusion of participants with a wider age range at baseline 

(including both children and adolescents).29 With regards to the effects of parental education 

and household income on ADHD, results from prior studies are heterogeneous. According to 

Biederman, Petty, O’Connor et al.,16 household income and parental education levels did not 

affect ADHD persistence between the ages of 15 and 30 years. Similarly, Hurtig et al.21 

found no effects of household income on ADHD persistence in late adolescence (16 to 18 

years). In contrast to these two studies Law, Sideridis, Prock, and Sheridan,40 found an 

association of low income and parental education levels with ADHD persistence at the age 

of ten. It is possible that income and parental education levels predict ADHD 

symptomatology through childhood but not later on in life when other factors more proximal 

to adult outcome become relevant. In a recent study, however, Cheung et al.17 reported that 

parental occupational classes (a measure reflecting both income and parental education) 

predicted ADHD persistence from 12 to 25 years of age. Further research may be needed to 

examine the effects of income and parent education on ADHD symptomatology and resolve 

discrepancies in findings. Key mediators, such as ultimate educational attainment by the 

child, which is known to be affected by parent education and occupation, may need to be 

tested.

Previously, studies have provided mixed evidence on effects of family environment on 

persistence.15–16,21 While one study found an effect of family cohesion and conflict on 

persistence,16 another reported no associations between the same family characteristics and 

ADHD symptoms in adulthood.15 A third study, in a general population sample, found no 
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relationship of parental marital status with adolescent ADHD persistence.21 In our study too, 

we did not find an effect of parent-child relationships with persistence of symptoms. We did 

find an association of parental marital problems with (the DSM-5 symptom cut-off based 

definition of) persistence, though these effects too became non-significant after controlling 

for baseline ADHD symptoms. According to a recent study, high parenting stress but not 

parenting/discipline style distinguished persisters and remitters.12 In contrast to this study, 

we found a good parental disciplining style to protect against adult ADHD symptom 

persistence. However, neither marital problems nor parenting styles were associated with 

adult ADHD symptoms when using continuous scores as outcomes or using impairment 

ratings in addition to symptom count to define ‘persistence’. Thus, associations of family 

environments with persistence have been weak and more studies are needed to scrutinize 

these effects.

As seen in previous studies, childhood ADHD severity predicted a risk for adult symptom 

persistence.15,17,41 Similarly, the effects of parental psychopathology and childhood 

psychiatric comorbidity on persistence are in line with previous studies.12,18,21,41 Parental 

mental health problems, and in particular maternal psychopathology has been shown to 

predict ADHD persistence in adolescence and young adulthood.15 Studies have shown that 

the type of parental psychopathology affects ADHD symptoms: Biederman, Petty, O’Connor 

et al.16 reported that adolescents and adults with persistent ADHD were more likely to have 

a family history of ADHD or anxiety, while families of individuals under remission were 

more likely to show conduct problems. Our results extend this literature by showing that the 

total number of parental psychopathologies affects adulthood ADHD - an increase in the 

number of parental mental health problems adds to the risk for persistence. Further, 

Biederman et al.15 found that adolescents and adults with persistent ADHD were more likely 

than those with desistent ADHD to have ODD, CD and anxiety problems in childhood. 

Similarly, in a follow-up study of girls with ADHD, adolescent and adult persistence was 

associated with higher behavior, mood and anxiety problems in childhood.16 Here too we 

add to the existing knowledge and show that an increase in the number of comorbidities in 

childhood increases the risk for persistence of ADHD in adulthood. One caveat of these 

findings is that we did not find an association of childhood comorbidity with adult ADHD 

symptom persistence (as defined only with DSM-5 symptom cut offs) after covarying 

baseline ADHD severity. This is a surprising finding as inclusion of impairment ratings and 

using continuous ADHD symptom scores as outcomes showed consistent associations with 

childhood comorbidity. Further studies may be needed to explore the discrepant associations 

of childhood comorbidity with adult ADHD symptom persistence.

Results from this study must be interpreted while bearing in mind certain limitations. First, 

persistence was assessed in young adulthood and persistent participants may remit at a later 

age. Research shows that not only young adults, but middle aged and older individuals show 

symptoms of ADHD and receive treatment for these symptoms.42–43 Further, prevalence 

rates of ADHD may decrease between young adulthood middle age and older ages,44 

suggesting that remission from ADHD symptoms could continue beyond young 

adulthood.18 The effects of childhood-based factors on persistence beyond early adulthood 

could not be assessed in this study. Second, the CAARS rating scale, used here to assess 

ADHD symptoms, does not inform about presence of symptoms in multiple settings. Thus, 
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we could not ascertain ADHD symptom persistence according to the full DSM-5 criteria. 

Third, data were missing on a number of variables at baseline, which were subsequently 

imputed to avoid loss of subjects. Although, our analyses provided a measure of correction 

for missing data, 22% of participants from the original cohort were missing from the adult 

assessments and findings may have been influenced by their absence. Fourth, concurrent 

comorbidity may affect persistence of ADHD. However, the current study was aimed at 

assessing childhood correlates of adult persistence, and the effects of adult comorbidity were 

not accounted for in the analyses.

In summary, childhood factors such as a higher number of psychiatric comorbidities and 

greater ADHD severity, but not IQ, predict a risk for ADHD symptom persistence in 

adulthood. Amongst family factors, a risk for ADHD persistence is predicted by parental 

mental health problems, but not SES, parental education, or parent-child relationships. Our 

findings thus suggest that addressing ADHD severity and comorbidity in childhood may 

have long-term implications, although it is likely - given the findings of the MTA33 - that 

one year of treatment in childhood would be insufficient to alter long-term trajectories. 

Further, interventions aimed at improving parental mental health may be beneficial. Future 

studies may explore if risk factors for adolescent, young adult and late adult persistence 

differ. These predictors should be integrated to identify the unfolding of risk and resilience 

that occurs across the adolescent bridge from childhood to adulthood. Further, sophisticated 

longitudinal modelling may be used to determine mechanisms through which early 

childhood factors affect persistence, critical periods during which such factors influence 

ADHD symptoms, and temporal relationships between childhood predictors and persistence. 

Ultimately, predictors of ADHD persistence may change with age, and an integrated view of 

risk dynamics for persistence is needed.
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Clinical Guidelines

• Childhood ADHD symptoms, comorbidity, and parental mental health 

affect persistence of ADHD symptoms in adulthood

• Clinicians need to address ADHD symptoms to remission and not just 

improvement in their treatment of children with ADHD

• Clinicians need to assess and treat comorbidities in children with 

ADHD

• Evaluation of parental mental health and treatment, if needed, should 

be part of the clinical approach to improve prognosis of children with 

ADHD
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Table 2

Results From Logistic Regression Analyses of Adulthood Attention-Deficit/Hyperactivity Disorder (ADHD) 

Persistence on Childhood Variables Controlling for Age, Sex, MTA Site and Baseline ADHD Symptom Scores

Baseline variables OR SE p CI

Parenting styles

 Parental involvement −1.05 0.16 .77 −0.36 to 0.27

 Positive parenting 1.14 0.16 .42 −0.18 to 0.44

 Inconsistent discipline 1.17 0.13 .21 −0.09 to 0.42

 Low monitoring and supervision −1.07 0.13 .57 −0.32 to 0.18

 Harsh discipline 1.07 0.15 .64 −0.22 to 0.36

 Appropriate discipline −1.38 0.13 .017 −0.58 to −0.06

Parent–child relationships

 Possessive and protective 1.01 0.18 .97 −0.35 to 0.36

 Affectionate and admiring −1.13 0.18 .50 −0.49 to 0.24

 Conflicting 1.06 0.17 .75 − 0.28 to 0.39

 Nurturing and intimate 1.02 0.24 .93 −0.50 to 0.46

 Participating and involved 1.25 0.24 .38 −0.27 to 0.70

IQ 1.004 0.01 .65 −0.01 to 0.02

Child comorbidity 1.13 0.07 .07 −0.01 to 0.26

Parental marital relationshipsa 1.31 0.15 .06 −0.01 to 0.56

Parental mental health problems 1.28 0.09 .008 0.07 to 0.42

Income levels (per annum)b

 $10,000 – $20,000 −1.41 0.53 .53 −1.39 to 0.71

 $20,000 – $30,000 −1.16 0.53 .78 −1.20 to 0.90

 $30,000 – $40,000 −1.20 0.52 .73 −1.19 to 0.84

 $40,000 – $50,000 1.27 0.53 .65 −0.81 to 1.29

 $50,000 – $60,000 −1.77 0.55 .30 −1.64 to 0.50

 $60,000 – $70,000 1.20 0.57 .75 −0.94 to 1.30

 $70,000 – $75,000 −1.86 0.69 .37 −1.97 to 0.72

 > $75,000 −1.03 0.55 .96 −1.10 to 1.05

Parental education levelsc

 Some high school 128.98 535.41 .98 −1040.92 to 1064.44

 High school graduate 163.99 535.41 .98 −1040.60 to 1064.76

 Some college or post-high school 163.99 535.41 .98 −1039.72 to 1065.64

 College graduate 403.59 535.41 .98 −1039.71 to 1065.66

 Advanced graduate or professional degree 270.46 535.41 .98 −1040.17 to 1065.19

Age 1.11 0.14 .45 −0.17 to 0.39
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Baseline variables OR SE p CI

Sex 1.27 0.29 .40 −0.32 to 0.81

Original study site −1.004 0.06 .95 −0.13 to 0.13

ADHD symptom severity 1.39 0.12 .006 0.09 to 0.56

Note:

a
Total number of divorces/separations of parent figure.

b
Compared to income level group <$10,000.

c
Compared to parental education level “eighth grade or less.”
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