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ABSTRACT 

Risk of Substance Use in Attention Deficit/Hyperactivity Disorder with 

Predominately Inattentive Symptoms 

 

Objective: Primary objective of the study was to compare the risk of substance 

use associated with various attention deficit/hyperactivity disorder (ADHD) 

subtypes in a large, nationally representative adolescent sample. Secondary 

objective was to explore the extent of this association being modified by 

pharmaceutical interventions especially in ADHD with predominately inattentive 

symptoms (ADHD/I subtype). 

Methods: National Comorbidity survey-Adolescent supplement (NCS-A), a 

nationally representative sample of adolescents (age 13-18) was used to assess 

the wide range of mental disorders and substance use information. Childhood 

ADHD subtypes and age at onset were calculated retrospectively with the 

variables of the ADHD DSM-IV criteria symptoms. Substance use information 

was assessed using the age at first use, frequency of use information about the 

illicit drugs, alcohol and tobacco. Pharmaceutical intervention and onset of 

therapy were collected from the parent’s questionnaire about the prescription 

medication used for relieving the symptoms of ADHD. Association between 

ADHD subtype and substance use was examined using the multivariate logistic 

regression analysis.  
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Results: In a nationally representative adolescent sample of US, our study found 

that individuals with ADHD with predominately hyperactivity symptoms (ADHD/H) 

and ADHD with predominately hyperactivity and inattention symptoms (ADHD/C) 

subtype has similar future risk of using substance as ADHD/I subtypes [ADHD/H 

(OR=0.91, 95% C.I.=0.38-2.17) and ADHD/C (OR=1.49, 95 %CI=0.90-0.34)], 

after adjusting for socio-demographic factors, comorbid conditions, 

environmental factors and ADHD pharmacotherapy.  ADHD pharmacotherapy is 

effective in reducing the risk of substance use in ADHD/C and ADHD/H subtype, 

whereas it was not effective for the purpose in the ADHD/I subtype (in ADHD/I 

with mood disorder, OR=0.483, 95% C.I.=0.1-2.34, p value=0.36 and in ADHD/I 

without mood disorder, OR=0.544, 95% C.I.=0.28, p value=0.29).  

Conclusion: ADHD/I have a significant risk of substance use which is 

comparable to other subtypes. Still pharmacotherapy is seem to be not effective 

intervention strategy in ADHD/I subtype. More research is required for examining 

the effectiveness of behavioral therapy in reducing risk of substance use in the 

individuals with ADHD/I subtype. 

 

Keywords: Mental disorders, attention deficit/hyperactive disorder, ADHD 

subtype, inattentive, hyperactive, ADHD DSM IV symptoms, developmental 

pathways, substance use, alcohol, nicotine, tobacco, illicit drugs, ADHD 

medication, ADHD pharmacotherapy. 
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Introduction 

 
Diagnostic and Statistical Manual of Mental Disorders (DSM)-V states that 

attention-deficit/hyperactivity disorder (ADHD) is the most diagnosed psychiatric 

disorder in adolescents with the approximate prevalence of 5% in United States 

[1 2]. However, estimates based on community samples have suggested that 

about 11% of adolescents have ADHD in their life time [3 4]. More than half of 

individuals with the ADHD also have comorbid disorders, among these 

substance (tobacco, alcohol and illicit drugs) use and substance use disorders 

[SUD] (dependence or abuse of substance) are substantial comorbidities 

associated with ADHD [5 6]. Children with ADHD have a higher risk of using 

substances in the future as compare to children without the ADHD [7]. Lee et al. 

(2011) in their meta-analysis have reported that ADHD is prospectively 

associated with tobacco and illicit drug use. Likewise, Charach et al. (2001) in 

their meta-analysis reported strong associations between ADHD, nicotine, and 

alcohol use disorders [8 9].  

Though the association of ADHD with the substance use is well established, 

most existing studies did not take the variation across the ADHD subtypes into 

consideration. DSM-IV has divided ADHD into three subtypes; 

ADHD/predominantly hyperactive-impulsive type (ADHD/H), which is marked by 

maladaptive symptoms of hyperactivity-impulsivity; ADHD/predominantly 

inattentive type (ADHD/I), which is marked by maladaptive symptoms of 

inattention; and ADHD/combine (ADHD/C), which is marked by maladaptive 

symptoms of both  hyperactivity and impulsivity [10]. Hyperactivity-impulsivity (HI) 
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symptoms decline substantially from early childhood through adolescence and 

are associated with active peer rejection, unintentional injuries, disrupted 

relationships with parents and teachers, and conduct problems in the population. 

In contrast, inattention (I) symptoms decline less over increasing age and are 

associated with academic deficits, lack of peer popularity, and depression in the 

population. Whereas, ADHD/C have the behavior traits of both these subtypes, 

therefore individuals with ADHD/C have more severe impairment compare to 

other subtypes[2]. In the terms of prevalence, ADHD/I with the relative rates 

ranging from 44% to 56%, is the most prevalent ADHD subtype,  followed by 

ADHD/C and then ADHD/H. [11].  

For the a few studies that examined the risk of substance use among ADHD 

subtypes, the findings are inconsistent.  Studies by Burke et al (2001), and 

Lerman et al. (2001) found that hyperactivity-impulsivity symptoms associated 

with the use of alcohol, nicotine and illicit drug use, whereas inattentive 

symptoms associated with the nicotine use only[12 13]. While studies by 

Abrantes et al.(2005) and Molina and Pelham (2003) reported that only 

inattentive symptoms are associated with the use of substance[14 15]. There 

was also a study by Sihvola et al. (2011) that found both symptoms are 

associated with the use of alcohol and illicit drug use [16]. The findings of almost 

all studies suggested that combined subtype is more severely associated with 

the use of substances compare to other subtypes expect for the study by Elkins 

et al. (2007) which found that individuals with all subtypes have similar risk of 

using substances[17].  
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The inconsistency could be potentially due to the use of various patient samples 

across the studies. For instance, studies by Sobanski et al. (2008), Nogueira et al 

(2014). and Clure et al. (1999) included adults only who have already SUD, while 

studies by Tamm et al. (2012), Burke et al. (2001), and Abrantes et al. (2005) 

used convenient samples collected from local outpatient clinics[12 18-21]. As 

ADHD is a childhood onset neuropsychiatric disorder and the vast majority of 

substance users had their first use during adolescence, a nationally 

representative adolescent sample is idea to resolve the discrepancy caused by 

heterogeneous samples and help better understand the association between the 

disorder and the development of substance use[22 23]. 

In addition, the existing research has failed to control some of environmental 

factors and treatments that could significantly affect the risk of using substance. 

Literature has suggested that, other than psychiatric disorders, the risk of using 

substance is also affected by childhood adversities, parental use of substance, 

and parental mental health [24-26]. 

Two meta-analyses which are published by Wilens et. al. (2003) and  Faraone et 

al. (2003) have pooled results respectively from 6 and 7 prospective studies have 

concluded that pharmacotherapy has a protective effect (odds ratio range from 

2.4 to 3.5 for not having a SUD outcome) on the subsequent substance use [27 

28]. While there is no study which have investigated the impact of 

pharmacotherapy within each subtypes. Therefore, our study aimed to fill theses 

gaps in literature. 
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Objectives 

 
Primary objective of the study is to compare the risk of using substance across 

the ADHD subtypes after controlling the important covariates that were not 

accounted in the previous studies in a large, nationally representative adolescent 

sample. Secondary objective is to explore the extent of this association being 

modified by pharmaceutical interventions. 
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Methods 
Data 

National comorbidity survey was conducted by professional staff of Institute of 

Social research, University of Michigan with the collaboration of Health Care 

Policy, Harvard Medical School. It was performed in four separate frames: 1) 

Baseline NCS, 2) NCS-2, 3) NCS-R and 4) NCS-A.   

The baseline NCS, carried out between 1990 and 1992, was the first nationally 

representative psychiatric health survey in the U.S.A to use a fully structured 

diagnostic interview to assess the prevalence and correlates of DSM-III-R 

disorders. In 2001 to 2002 NCS-2 was carried out to study the patterns and 

predictors of psychiatric disorders and substance use disorders on the population 

NCS baseline. Concurrently, NCS-R (replication) carried out between 2001 and 

2004 on new sample of 10,000 respondents. It was performed to get more 

detailed information than the previous counterparts [29].  

NCS-A (Adolescents) was conducted parallel with NCS-2 and NCS-R between 

February 5, 2001, and January 31, 2004. 10,123 Adolescents aged 13 to 17 

years were interviewed face to face in dual-frame household-school samples. 

The household sample included adolescents who were recruited from 

households that participated in the National Comorbidity Survey Replication 

(NCS-R). The household sample included 879 school-attending adolescents 

recruited from households that participated in the National Comorbidity Survey 

Replication (NCS-R). Household sample response rate was 86.8% provisional on 

adult participation in the NCS-R. The remainder of 9,244 adolescents recruited 
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from a representative sample of schools in NCS-R sample areas. The school 

sample response rate was 82.6% provisional on school participation.  Self-

administered questionnaire (SAQ) about the participating adolescent’s 

developmental history and psychiatric health were completed by the one parent 

or guardian. The SAQ response rates (provisional on adolescent participation) 

were 82.5% in the household sample and 83.7% in the school sample[30]. 

Once the survey was completed, cases were weighted for variation in within-

household probability of selection in the household sample and residual 

discrepancies between sample and population socio-demographic and 

geographic distributions. The household and school samples were then merged 

with sums of weights proportional to relative sample sizes adjusted for design 

effects in estimating disorder prevalence. These weighting procedures were 

detailed elsewhere. The weighted socio-demographic distributions of the 

composite sample closely approximate those of the census population[31]. 

Diagnostic Measures: 

In NCS-A, adolescents with psychiatric disorders were identified based on both 

adolescent and parent interviews. A modified version of World Health 

Organization Composite International Diagnostic Interview (CIDI), a fully 

structured interview administered to adolescents by trained lay interviewers. 

Parents who completed the SAQ had provided information about whether their 

children have symptoms of conduct disorder, oppositional defiant disorder, 

ADHD, major depressive episodes and dysthymia disorders based on DSM IV 

criterion.  Parent and adolescent reports were combined at the symptom level 
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using an “or” rule, such that a symptom was considered present if it was 

endorsed by either respondent [30-32].   

The psychiatric disorders reported in NCS-A which were derived from CIDI were 

validated using a clinical reappraisal study, where diagnostics were made from 

the Schedule for Affective Disorders and Schizophrenia for School-Age Children–

Present and Lifetime Version (K-SADS) questionnaire. It showed good 

concordance with the diagnostics derived from CIDI, whereas under the receiver 

operating characteristic curve was 0.81 to 0.94 for fear disorders, 0.79 to 0.87 for 

distress disorders, 0.78 to 0.98 for behavior disorders, 0.56 to 0.98 for substance 

use disorders, and 0.87 for any disorder[33].  

In the NCS-A survey DSM-IV disorders are grouped into the following 4 disorder 

classes : (1) fear disorders (social phobia, specific phobia, intermittent explosive 

disorder, panic disorder with or without agoraphobia, and agoraphobia without 

history of panic disorder), (2) distress disorders (separation anxiety disorder, 

generalized anxiety disorder, posttraumatic stress disorder (PTSD), and major 

depressive disorder or dysthymia), (3) behavior disorders [conduct disorder, 

oppositional defiant disorder(ODD), and ADHD] and (4) substance use disorders 

(alcohol abuse with or without dependence and drug abuse with or without 

dependence). These disorders are further measured into three criteria: Lifetime 

prevalence, 12 month prevalence and 30 day prevalence. Lifetime prevalence 

was defined as respondents ever has presence of DSM IV disorders in their 

lifetime, Whereas 12 month prevalence was defined as the presence of the DSM 
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IV disorders in last 12 months before interview and 30 days prevalence defined 

as the presence of the DSM IV disorder in last 30 days before interview [33]. 

As we are investigating the influence of ADHD presence on the risk of substance 

use,   it is important to measure the presence of these disorders in any time of 

respondent’s lifetime before the age-of-onset of regular substance use. Therefore 

we have used lifetime measure of these psychiatric disorder defined in the 

survey as lifetime prevalence. Further to ensure the time sequence only those 

lifetime disorder (i.e. mood disorder, ADHD and other coexisting mental disorder)  

considered in analysis which has age at onset  before the onset of substance use 

disorder, also termed as preexisting psychiatric disorder.   

ADHD subtypes:  

Participant and parents were queried about the ADHD symptom criteria based on 

DSM-IV. Participants were diagnosed with the ADHD, if they or their parents 

have endorsed at least six symptoms based on inattention or hyperactive 

dimension mentioned in DSM IV.  Other criteria which should be meet, were 

some of these symptoms should be present before age of 7 years, and should be 

have significant impairment at home and school (or work) due to these symptoms 

[34].  

Participants were diagnosed with different ADHD subtypes, if they have met 

following criteria [34]: 

i.) Combined subtype (ADHD/C): The presence of six or more inattentive 

symptoms and six or more hyperactive–impulsive symptoms.  
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ii.) Predominantly Inattentive subtype (ADHD/I): The presence of six or 

more inattentive symptoms and five or fewer hyperactive–impulsive 

symptoms.  

iii.) Predominantly Hyperactive–Impulsive subtype (ADHD/H): The 

presence of six or more hyperactive–impulsive symptoms and five or 

fewer inattentive symptoms. 

The exposure measures, outcome measures, and analysis approaches were 

different across aims of the study which are explained below. 

Hypothesis 1: Adolescents with ADHD/I have similar or more risk of using 

substance compare to the adolescents with other ADHD subtypes.  

Subjects:  Every adolescent-parent pair interviewed in NCS-A was included in 

this part of analysis.  

Exposure Measures: Exposure is defined in four level.  

1. Adolescents without ADHD.  

2. Adolescents with ADHD/C type. 

3. Adolescents with ADHD/I type. 

4. Adolescents with ADHD/H type. 

Outcome Measure: regular use of substances is considered as major outcome 

measure.  

“Or” rule is used to define the presence of substance use, which means at least 

regular use of any kind of substance (tobacco, alcohol, illicit drugs). Here illicit 
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drug is defined as range of specific substances, including marijuana or hashish; 

cocaine in any form (e.g. powder, crack, freebase, coca leaves, or paste); 

tranquilizers, stimulants, pain killers, or other prescription drugs either without the 

recommendation of a health professional or for any reason other than a health 

professional said they should be used; and heroin, opium, glue, lysergic acid 

diethylamide, peyote, or any other drug. 

Regular use of nicotine defined as individual is smoking at least once in a day, 

for alcohol, regular use is defined as individual having at least 12 drinks within a 

year, while regular use of illicit drugs is defined if person has ever taken illicit 

drugs. 

Covariates 

Demographics and Socio-Economic Status 

Socioeconomic status:   Family household income during past 12 months to 

official federal poverty line ratio classified into five categories: very poor (<0.5), 

poor (0.51-1.00), middle class (1.01-2.0), Upper middle class (2.01-3.0) and rich 

(> 3.0). 

Demographics: Race/ethnicity (categorized as white and non-white), gender, 

and age at the time of interview. 

Psychiatric disorders 

Pre-existing lifetime disorder were not included in this aim as a covariate as 

these disorders symptoms have significant overlap with the ADHD symptoms. 
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For instance impulsivity is the significantly associated with both conduct disorder 

and ADHD and also associated with the prediction of substance use. Moreover, 

conduct disorder is reflection of delinquent and antisocial behavior which starts 

from the incidence of ADHD hyperactivity/impulsivity symptoms and finally 

expand into the substance use. By controlling these disorders we might remove 

such key components of the relationship between ADHD and substance use.  

Childhood Adversities 

Previous literature have shown that childhoods adversaries have positive 

relationship with the use of substances as well as with psychiatric disorder. 

Therefore with the definition of confounder it can act as confounder between the 

relationship of exposure and outcome. The NCS-A interviews and parent SAQs 

assessed 12 childhood adversaries. These included 3 types of interpersonal loss 

(parental death, parental divorce, and other loss of contact with parents or 

caregivers), 4 types of parental maladjustment (psychiatric illness, substance 

abuse, criminality, and family violence), 4 types of maltreatment (physical abuse, 

sexual abuse, emotional abuse, and neglect), and family economic adversity 

[35].  

These measures were reported in the survey with age at first incidence of 

adversity. We have included only those childhood adversities which are occurred 

before the onset of substance use.  
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Parental Mental Health and Parental use of substance: Parents were asked 

about their mental health and use of different substances in questionnaire, which 

were used as the co-variable in the analysis.  

Pharmacotherapy of ADHD: Parents of the adolescents were asked the 

question about the uses of medication for the concentration and hyperactivity 

problem, which is coded as “yes” or “no” in NCS-A. Similarly, patients were 

asked about the age at when they first received the treatment. Pharmacotherapy 

is considered in analysis if the age at starting the pharmacotherapy was before 

the age at onset of substance use. 

Statistical Analysis: Multivariate logistic regression analysis was used for the 

statistical analysis. Covariates were gradually included in the model in additive 

pattern to find the effect of each covariates separately on the association[36]. 

Hypothesis 2: Pharmacotherapy of ADHD do not has similar effect on 

reducing the risk of substance use among all ADHD subtypes. 

Population: Individuals with pre-existing ADHD were included in this analysis. 

Subgroup from the ADHD based on the subtype were made, and used as 

separate population for investigating the impact of pharmacotherapy on risk of 

substance use within each subtype.   

Exposure measure: Pharmacotherapy presence were treated as primary 

exposure. As Individuals who have psychiatric comorbidity are more likely to 

receive medications than individual with only ADHD. We have also included pre-



 

23 
 

existing psychiatric comorbidity as secondary exposure to investigate the 

interaction between pharmacotherapy and psychiatric comorbidity.   

Pre-existing life time prevalence of mood disorder, conduct disorder (CD)/ODD 

were the psychiatric comorbidity included in the analysis.  ODD and CD were 

used in the analysis on the basis of “or” rule, as according to DSM-IV individual 

with the conduct disorders have elevated level of the symptoms of ODD. 

Therefore the individual with conduct disorder should not be diagnosed 

separately for the ODD. 

Co-variables: Co-variable were same as for the hypothesis 1st.  

Statistical Analysis: Multivariate analysis was conducted to assess the impact 

of pharmacotherapy on substance use within each subtypes. Separate 

Interaction term of mood disorders and CD/ODD were also included in the similar 

model to assess the interaction effect of ADHD pharmacotherapy and psychiatric 

comorbidity.  If interaction with any mental disorder found to be significant in any 

subtype, the stratified analysis were conducted by stratifying the subtype with 

those mental disorders. For instance CD/ODD interaction with pharmacotherapy 

is found significant in ADHD/H than ADHD/H will be stratified on the basis of 

presence of CD/ODD. The comparative risk will be calculated in this strata and 

within each strata multivariate analysis will be conducted to assess the impact of 

pharmacotherapy.   

 

 



 

24 
 

Results 

 
Demographics across ADHD Subtypes 

NCS-A has surveyed 10,455 adolescents aged 13 to 18 during 2001-04. Our 

study has only included those adolescents whose parents were also interviewed 

(6,483) due to presence of some important variables only present in the interview 

responded by parents.   

As presented in table 1, the overall prevalence of ADHD in this sample was 9.68 

%. Among individuals with ADHD, the most prevalent subtype was ADHD/C 

(44.11%), followed by ADHD/I (34.55%) and ADHD/H (21.34%).  There were 

more males than females across all subtypes with the least number of females in 

ADHD/C (23.4%) and highest in ADHD/I (39.1%). 

As compared to other subtypes, Individuals with ADHD/C were mostly white 

(75.6% in ADHD/C vs 64% in ADHD/H and ADHD/I), had more childhood 

adversities (84.1% vs. 74.8% in ADHD/H and 75.9 in ADHD/I) and had two to 

three time higher rate of receiving ADHD pharmacotherapies (52.9% vs. 20.4% 

in ADHD/I 15.1% in ADHD/H). Whereas ADHD/I, ADHD/H and the group without 

ADHD group were generally comparable across the social-demographic factors 

expect the higher presence of middle class income household in the ADHD/H 

subtype (46.9 in ADHD/H vs 32.6% in ADHD/I and 30% in ADHD/C subtype) 

(table 2).  

Conduct disorder/ oppressive compulsive disorder (CD/OCD) and mood 

disorders were the most common comorbid psychiatric disorders across all 



 

25 
 

ADHD subtypes. Conduct disorder was found in almost two third of adolescents 

with ADHD/C (70.9%) and a half of those with ADHD/H (50%) and ADHD/I 

(53.7%). While mood disorders are more common in ADHD/C (35.5%) and 

ADHD/I (37.4%) compare to the ADHD/H (25.6%) (Table 3).  

Risk of substance use across the ADHD subtypes 

The distribution of substance type by ADHD subtype is presented in table 3. 

Prevalence of substance use is similar in individuals with or without ADHD (70.3 

in without ADHD group and 68.4 in with ADHD group). Within the ADHD cases 

identified, ADHD/C was the subtype that was associated with the highest level of 

substance use with 71.4% identified themselves as a regular user of substance, 

followed by ADHD/I (67.5 %) and ADHD/H (63.1%).   

Multivariate analysis results for the association of ADHD and the risk of 

substance use 

As presented in table 4 adolescents with ADHD/H (OR=0.91, 95% C.I.=0.38-

2.17) and ADHD/C (OR=1.49, 95 %CI=0.90-0.34) had comparable risk of using 

substance as those with ADHD/I.  

At subtype level mood disorder though found to be insignificant in term of 

predicting the risk of substance use, though provide important information. In 

ADHD/C and ADHD/I mood disorder shown protective trend for the risk of 

substance use (for ADHD/I OR=0.48, C.I.=0.16-1.46, p value=0.20 and for 

ADHD/C OR=0.56, C.I.=0.25-1.25, p value=0.16). Whereas in ADHD/H mood 
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does not have any effect on the risk of substance use. In subtype level analysis, 

presence of conduct disorder or ODD did not predict the use of substance. 

Risk of Substance Use in Co-Variates  

Table 4 also presents the effect of covariates on the risk of substance use. 

ADHD pharmacotherapy has protective effect on the risk of substance use 

(OR=0.40, C.I. = 0.25-0.66). The risk of substance use was also not different 

among the levels of socioeconomic status at overall. Age at interview is also 

positively associated with the risk of substance use (OR=1.84, C.I.=1.67-2.03). 

Males did not have different risk compare to the females (OR=1.19, C.I. =0.98-

1.45). White population has higher risk of using substance compare to the non-

whites (OR=1.46, C.I. =1.13-1.89). Individuals who experienced adversities have 

significantly higher risk of using substance compare to individuals who have not 

experienced adversities. Individuals with parent who use substance regularly 

were more likely to use substance in future than individuals without such parents 

(OR=3.08, 95% C.I. =2.41-3.94). (OR=2.16, 95% C.I.=1.78-2.62). 

Pharmacotherapy and Comorbid Mental disorders prediction of substance 

use within each ADHD subtype 

In each subtypes comorbid disorders have not a significant effect on the risk of 

substance use. Therefore, we have introduced interaction terms of CD/ODD with 

ADHD pharmacotherapy and mood disorder with the ADHD pharmacotherapy in 

the analysis. 
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In ADHD/I, ADHD pharmacotherapy and its interaction with mood disorders was 

not significant but its beta coefficient has significance level under 0.2 (Beta 

value=-1.45, p value=0.12), therefore we have stratified ADHD/subtype with the 

mood disorder presence (table 5). After stratifying, individuals with mood disorder 

have insignificant lesser risk of substance use than individuals without mood 

disorders (OR=0.54, 95% C.I.=0.277-1.304, p value=0.17). Within strata of 

individuals with or without mood disorder pharmacotherapy has no effect on the 

risk of substance use (in ADHD/I with mood disorder, OR=0.483, 95% C.I.=0.1-

2.34, p value=0.36 and in ADHD/without mood disorder, OR=0.544, 95% 

C.I.=0.28, p value=0.29) (table 6).  

Similarly, In ADHD/C mood disorder and ADHD pharmacotherapy has significant 

interaction (Beta value=-1.17, p value=0.03) (table 9). After stratifying with mood 

disorder, individuals with mood disorder has significantly lower risk of using 

substance compare to the individuals without mood disorder (OR=0.45, 95% 

C.I.=0.21-0.93, p value=0.03). Within each strata pharmacotherapy has similar 

protection effect on the risk of substance use, but in ADHD/C with mood disorder 

it was significant, while individuals without mood disorder it was insignificant (with 

mood disorder OR=0.15, 95% C.I.=0.05-0.46, and without ADHD O.R.=0.486, 

95% C.I.=0.144-0.1648 )(see table 10). 

 On the other hand, ADHD/H conduct disorder has significant interaction with the 

ADHD pharmacotherapy (beta value=3.58, p value=0.007) (see table 7). 

Therefore we have stratified ADHD/H with the CD/ODD. After stratifying 

individuals with ADHD/H and CD/ODD have lower risk of substance use, though 
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this effect was insignificant compare to the individuals with ADHD/H only 

(OR=0.303, 95% C.I.= 0.08-1.21). ADHD pharmacotherapy has no effect on the 

risk of substance use in ADHD/H without CD/ODD (OR=0.412, 95%C.I.=0.04-

3.5). Whereas in individuals with ADHD/H and CD/ODD ADHD pharmacotherapy 

has significant protective effect on the risk of substance use (OR=0.523, 95% C.I. 

=0.25-1.08) (see table 8). 
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Discussion 

 
In a nationally representative adolescent sample of US, the study has found that 

individuals with ADHD/I subtype has similar future risk of using substance as 

other subtypes, after adjusting for socio-demographic factors, comorbid 

conditions, environmental factors and ADHD pharmacotherapy.   

We have found that important environmental factors (i.e. childhood adversities 

and parent use of substance) which are not controlled before in the previous 

studies of ADHD and substance use, are significantly increase the risk of 

substance use. It has demonstrated the importance of taking account of these 

variables in the study.  

Studies finding are helpful in clarifying the inconsistent findings of earlier studies 

regarding the association between ADHD/I with the risk of substance use. Earlier 

studies which have reported that combined subtypes have severe risk of 

substance use compare to ADHD/I may have find this results due to not 

controlling for childhood adversities and the parental use of substance. As in 

descriptive analysis we have found that childhood adversities have significantly 

higher prevalence in ADHD/C subtype. Therefore not accounting for childhood 

adversities might overestimate the risk of substance use in combined subtype.  

Another important findings of our study is that ADHD pharmacotherapy is not 

effective in reducing the risk of substance use in adolescents with ADHD/I, 

whereas it has strong protective effect in those with ADHD/C and ADHD/H. 

Potential reason behind this finding might be the inherently different development 
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pathway of substance use risk in ADHD/I and ADHD/H, as the theory described 

in the various studies by Molina and Pehlam [14 37]. Based on the theory, there 

are inherent differences in the development of substance use across the ADHD 

subtypes. In those with ADHD/I, substance use starts from the executive 

functioning deficits which often manifest as poor academic achievements and 

peer difficulties. Poor academic success often leads to the child falling away from 

the conventional group values and gravitate towards the group where substance 

use is more common. This theory supported by the literature presenting the 

association of academic failure with substance use, and drug development 

theories[38 39]. On the other hand, in those with ADHD/H, substance use starts 

from the impulsive behavior which cascade into the delinquent behavior like 

defiance and rule breaking and finally expands to substance use (figure 1).  

ADHD pharmacotherapy efficacy in reducing the symptomology of ADHD is 

established by numbers of clinical trials. Though the difference in reducing the 

risk may be due to the pharmacotherapy significantly reducing the impulsive 

behavior in ADHD/H and ADHD/C subtypes, thus affecting the whole chain of 

development of substance use in these subtypes. Whereas in ADHD/I the 

substance use development carried by environmental factors like gravitation 

towards the nonconformist group cannot be reversed by the pharmacotherapy. 
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ADHD  

Inattentiveness 
Hyperactivity and                 

Impulsivity 

Neurocognitive deficits Impulsivity 

Academic Failure Delinquent Behavior 

Falling away to group where 

substance use is common 

CD/ODD 

Substance Use 

Figure 1: Different developmental pathways of substance use in Attention 
Deficit/Hyperactivity Disorder subtypes. 
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After stratifying ADHD/H group by the CD/ODD, we have found results 

supporting our theory. In ADHD/H individuals with CD/ODD pharmacotherapy for 

ADHD is significantly reducing the risk of substance use. Where, in ADHD/H 

individuals without the CD/ODD pharmacotherapy does not affect the risk of 

substance use.  This results might be due to the underlying sever presence of 

impulsivity symptoms in the individuals with CD/ODD. As pharmacotherapies is 

effective in reducing the impulsivity symptoms, it is able to break the 

developmental pathway of substance use in hyperactivity/impulsivity symptoms. 

Whereas, in individuals without CD/ODD in ADHD/H group have lower severity of 

the impulsivity symptoms, marking the different pathway of substance use in 

such individuals than the individuals with CD/ODD.  

This finding is critical in planning the intervention strategy in ADHD. The findings 

points out that may be the behavioral intervention in ADHD/I would be a better 

strategy to reduce the impact of environmental factors on the risk of substance 

use. Also there is a need of studies to investigate the impact of pharmacotherapy 

early in the age of individuals with ADHD/I, so that reducing the executive 

functional deficits in early stages of ADHD, thus improving the academic 

performance and breaking the chain of development of substance use in such 

individuals.  

When stratifying subtypes with the mood disorders, we have not found any 

significant difference. But mood disorders have shown a protective effective on 

the risk of substance use in individuals with ADHD/I and ADHD/H subtypes, 

whereas there is no effect of mood disorder on the ADHD/H subtypes. The 
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protective effect shown by mood disorder in group who have inattentive 

symptoms might be due to its interaction with the important mediator variable in 

the developmental pathway of substance use in inattentive subtypes. The 

individuals with mood disorder are more likely to have socially withdrawal 

behavior than individuals without mood disorders[2]. In turns individuals who 

inattentive symptoms with mood disorder are less likely to gravitate toward any 

kind of social group, which is in this case are groups where substance use is 

more common. Subsequently this may lead to the lesser risk of substance use in 

this group.  

On the other hand, comorbid CD/ODD has shown also protective effect in the 

ADHD/H subtype when we have stratified ADHD/H with CD/ODD, though the 

effect was only significant at the level of 0.09. This results also can be explained 

by developmental pathways of substance use through hyperactivity/impulsive 

symptoms. Individuals with CD/ODD are more likely to receive 

pharmacotherapies than the individual without the CD/ODD. With that CD/ODD is 

also the expansion of impulsivity symptoms of ADHD, the pharmacotherapy 

significantly reduced the impulsivity symptoms in the group who have ADHD/H 

with CD/ODD, thus interrupting the developmental pathway of substance use. 

Whereas individuals with ADHD/H without the CD/ODD are less likely to receive 

pharmacotherapy, thus it has higher risk of using substance due to lesser 

interruption of pharmacotherapy on the subtypes. Additionally it is also possible 

that individuals with ADHD/H without the CD/ODD have substance use 
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development similar to the inattentive symptoms, as pharmacotherapy of ADHD 

was also not effective in reducing the risk of substance use in this group.  
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Limitations & Conclusion 

 
Our study have also some limitations due to the use of survey data. First as 

mental disorders were endorsed by parents and adolescents with the use of self-

reports using CIDI questionnaire. Still the extent of this limitation in identifying 

DSM IV mental disorders are not large, as studies have established the efficacy 

of CIDI questionnaire in diagnosing mental disorders by various methods. 

Second, the substance use is self- reported by only adolescents. It may have 

caused the under estimation of the substance use prevalence, as studies have 

suggested that individuals are less likely to report those behaviors truly, which 

are associated with antisocial behaviors[40 41]. Third, though ADHD subtypes 

are classified according to the guidelines of DSM IV, still particular subtype may 

have also the symptoms of other subtypes at the sub-threshold level. This is due 

to the definition of subtypes, for instance ADHD/I is defined as more than 6 

criteria endorsed by respondents are of inattentive symptoms and less than 5 

criteria of hyperactivity endorsed by the respondents, thus leads to the presence 

of hyperactivity symptoms in ADHD/I. Fourth limitation is that only presence or 

absence of pharmacotherapy is reported by the survey data, therefore it has 

reduced us to investigate only the categorical impact of pharmacotherapy. Fifth 

limitations was that we have marked individuals as an illicit drug users even if 

they have used illicit drugs only once in their lifetime. This may lead to the 

overestimation of the prevalence of illicit drug user. Last limitations is that we 

have used substance user as a one category to increase the power of the study. 
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Thus we were unable to investigate different trends in using nicotine, alcohol and 

illicit drugs across ADHD subtypes, as reported by previous literature. 

Despite these limitations our study adds to current knowledge about the ADHD 

and substance use risk. We have provided the further evidence that individuals 

with ADHD/I are at also at the risk of developing substance use. Furthermore, 

our study is first to investigate the impact of ADHD pharmacotherapy in reducing 

the risk of substance use in ADHD subtypes. Consequently, our study reveals 

that ADHD pharmacotherapy is effective in reducing the risk in all subtype but 

ADHD/I. Besides these new findings our study also replicate the importance of 

childhood adversities, and parental use of substance as a strong predictor of 

substance use. This findings also have clinical implication as it strengthens the 

importance of behavioral intervention in such individuals. These findings not only 

add to the current knowledge of the different developmental pathways of 

substance use in individuals with ADHD, but also demonstrate the importance of 

to treat all ADHD individuals differently and to tailor the intervention strategy 

accordingly.      
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Tables 

 
Table 1. Weighted frequencies of socio-demographic characteristics 
among ADHD subtypes in National Comorbidity Survey-Adolescent sample 
(N=6,483) 

ADHD: Attention deficit Hyperactivity Disorder, ADHD/H: ADHD predominantly 
hyperactive symptoms, ADHD/I: ADHD with predominantly inattentive symptoms, 
ADHD/C: ADHD with both symptoms of the inattentive and hyperactivity, n= 
unweighted frequencies. 

 

 Category 

ADHD/I  

(n=217) 

ADHD/H 

(n=134) 

ADHD/C 

(n=277) 

Without 

ADHD(n=5,855) 

N % N % N % N % 

Gender Male 435,941 60.9 305,447 67.1 585,765 76.6 7,138,172 47.6 

 
Female 279,467 39.1 150,069 32.9 179,027 23.4 7,868,597 52.4 

Race 
Non 

White 
254,550 35.6 159,979 35.1 186,563 24.4 5,093,948 33.9 

 
White 460,858 64.4 295,537 64.9 578,229 75.6 9,912,821 66.1 

Poverty 

Income 

ratio 

Poor 196,938 27.5 72,941 16.0 178,775 23.4 3,020,410 20.1 

 
Middle 232,978 32.6 213,653 46.9 229,685 30.0 5,494,302 36.6 

 
Rich 285,492 39.9 168,922 37.1 356,332 46.6 6,492,057 43.3 

Age at 

Interview 
13 55,307 7.7 44,529 10.0 57,542 7.5 2,253,820 15.0 

 
14 98,894 13.8 130,439 20.7 127,644 16.7 3,071,810 20.5 

 
15 149,782 20.9 100,098 17.9 135,779 17.8 3,240,887 21.6 

 
16 160,191 22.4 58,906 24.8 239,773 31.4 3,121,600 20.8 

 
17 204,281 28.6 96,487 21.3 160,144 20.9 2,781,352 18.5 

  18 46,952 6.6 25,056 5.3 43,910 5.7 537,299 3.6 
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Table 2. Weighted frequencies of ADHD medication, childhood adversities, 
parental mental health, parental substance use among ADHD subtypes in 
National Comorbidity Survey-Adolescent sample (N=6,483) . 

 Category 

ADHD/I  

(n=217) 

ADHD/H 

(n=134) 

ADHD/C 

(n=277) 

Without 

ADHD(n=5,855) 

N % N % N % N % 

ADHD 

Medication 
No 569,566 79.6 386,575 84.9 360,112 47.1 14,735,936 98.2 

 
Yes 145,842 20.4 68,941 15.1 404,680 52.9 270,832 1.8 

Childhood 

Adversities 
No 172,239 24.1 114,868 25.2 121,275 15.9 7,165,471 47.7 

 
Yes 543,169 75.9 340,648 74.8 643,517 84.1 7,841,298 52.3 

Parental 

Mental 

Health 

No 531,410 74.3 340,764 74.8 484,283 63.3 13,341,930 88.9 

 
Yes 183,998 25.7 114,751 25.2 280,509 36.7 1,664,839 11.1 

Parental 

Substance 

Use 

No 232,498 32.5 73,672 16.2 187,560 24.5 6,410,697 42.7 

 
Yes 482,910 67.5 381,844 83.8 577,232 75.5 8,596,072 57.3 

ADHD: Attention deficit Hyperactivity Disorder, ADHD/H: ADHD predominantly 
hyperactive symptoms, ADHD/I: ADHD with predominantly inattentive symptoms, 
ADHD/C: ADHD with both symptoms of the inattentive and hyperactivity, n= 
unweighted frequencies. 
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Table 3. Weighted frequencies use of substance, alcohol, tobacco, drug 
use, age at onset of substance use and pre-existing psychiatric conditions 
among ADHD subtypes in National Comorbidity Survey-Adolescent sample 
(N=6,483).           

 Category ADHD/I ADHD/H ADHD/C Without ADHD 

N % N % N % N % 

Substance Use Characteristics 

Substance 

Use 
Yes 483,100 67.5 287,292 63.1 545,732 71.4 4,577,787 30.5 

 No 232,308 32.5 168,224 36.9 219,060 28.6 10,428,981 69.5 

Smoking Yes 250,335 35.0 144,468 31.7 345,877 45.2 1,581,553 10.5 

 No 465,073 65.0 311,048 68.3 418,915 54.8 13,425,215 89.5 

Alcohol 

Use 
Yes 327,125 45.7 217,428 47.7 358,443 46.9 3,250,111 21.7 

 No 388,283 54.3 238,088 52.3 406,349 53.1 11,756,657 78.3 

Drug Use Yes 395,152 55.2 215,617 47.3 457,072 59.8 3,100,101 20.7 

 No 320,256 44.8 239,899 52.7 307,720 40.2 11,906,668 79.3 

Age at 

onset 

(in years) 

Mean 13.98  
 

14.13 
 

13.35 
 

13.66 
 

Standard 

Error 
0.17 

 
0.211 

 
0.22 

 
0.102 

 

Comorbidities 

Mood 

Disorder 
No 448,120 62.6 338,772 74.4 493,470 64.5 13,703,589 91.3 

 Yes 267,288 37.4 116,744 25.6 271,322 35.5 1,303,179 8.7 

Conduct 

disorder 

or ODD 

No 331,578 46.3 227,544 50 222,334 29.1 13,318,432 88.7 

  Yes 383,830 53.7 227,972 50 542,458 70.9 1,688,336 11.3 
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Table 4. Multivariate logistic regression analysis results risk of using 
substances among ADHD subtypes and other co-variates. 

PREDICTORS CATEGORIES 
ODDS 

RATIO 
95% C.I. P VALUE 

ADHD Subtypes ADHD/I Reference 

 
ADHD/H 0.91 0.38 2.17 0.82 

 
ADHD/C 1.49 0.90 2.47 0.12 

 Without ADHD 0.22 0.14 0.34 <0.0001 

ADHD medication No Reference 

 
Yes 0.40 0.25 0.66 <0.001 

Childhood Adversities No Reference 

 
Yes 3.08 2.41 3.94 <.0001 

Parental Mental Health No Reference 

 
Yes 0.93 0.70 1.23 0.60 

Parental Substance use No Reference 

 
Yes 2.16 1.77 2.62 <.0001 

Gender Female Reference 

 
Male 1.19 0.98 1.45 0.08 

SES Poor Reference 

 
Middle  0.90 0.69 1.18 0.44 

 
Income 1.00 0.74 1.37 0.99 

Race Non-white Reference 

 
White 1.46 1.13 1.89 <0.001 

Age 
 

1.84 1.67 2.03 <.0001 

 ADHD: Attention deficit Hyperactivity Disorder, ADHD/H: ADHD predominantly 
hyperactive symptoms, ADHD/I: ADHD with predominantly inattentive symptoms, 
ADHD/C: ADHD with both symptoms of the inattentive and hyperactivity, n= 
unweighted frequencies, C.I.: confidence interval, P value= significance level, 
SES: socio-economic status. 
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Table 5. Multivariate logistic regression analysis of risk of using 
substances among ADHD/I subtype and other co-variates. 

Predictors Categories Odds Ratio 95% C.I. p value 

Mood Disorder No 
 

Reference 

 
Yes 0.48 0.16 1.46 0.20 

CD or ODD No 
    

 
Yes 1.65 0.76 3.56 0.20 

ADHD medication No 
  

 
Yes 1.22 0.40 3.67 0.73 

Childhood Adversities No 
 

Reference 

 
Yes 2.70 1.18 6.18 0.02 

Parental Mental Health No 
 

Reference 

 
Yes 1.44 0.47 4.39 0.52 

Parental Substance use No 
    

 
Yes 3.98 1.71 9.25 <0.01 

Gender Female 
 

Reference 

 
Male 0.90 0.37 2.17 0.80 

SES Poor 
    

 
Middle  0.66 0.20 2.18 0.49 

 
Income 0.82 0.23 2.86 0.75 

Race Non-white 
 

Reference 

 
White 1.93 0.82 4.54 0.13 

Age 
 

2.23 1.52 3.26 <.0001 

Interaction of Pharmacotherapy  Beta value   p value 

Mood disorders  -1.74   0.08 

CD/ODD  0.91   0.47 

ADHD/I: ADHD with predominantly inattentive symptoms, C.I.: confidence 
interval, P value= significance level, CD/ODD= conduct disorder or oppositional 
defiant disorder. 
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Table 6. Stratified analysis of ADHD/I subtype with mood disorder and 
without mood disorder and ADHD medication adjusted by socio-
demographic, environmental factors and ADHD medications. 

 Categories Odds Ratio 95% C.I. p value 

Subtype Level Analysis 

ADHD/I without Mood 

Disorder 
 Reference 

ADHD/I with Mood Disorder  0.54 0.22 1.30 0.17 

Stratified Analysis 

ADHD/I with Mood disorder 

ADHD Medication No  Reference 

 Yes 0.48 0.10 2.33 0.36 

ADHD/I without Mood disorder 

ADHD Medication No  Reference 

 
Yes 2.62 0.42 16.13 0.29 

ADHD: Attention deficit Hyperactivity Disorder, ADHD/I: ADHD with 
predominantly inattentive symptoms, C.I.: confidence interval, P value= 
significance level. 
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Table 7. Multivariate logistic regression analysis results of risk of using 
substances among ADHD/H subtype and other co-variates. 

Predictors Categories Odds Ratio 95% C.I. p value 

Mood Disorder No Reference 

 
Yes 1.31 0.25 6.86 0.75 

CD or ODD No Reference 

  Yes 0.72 0.19 2.74 0.63 

ADHD medication No Reference 

 
Yes 0.14 0.03 0.56 0.01 

Childhood Adversities No Reference 

  Yes 1.19 0.32 4.42 0.79 

Parental Mental Health No Reference 

 
Yes 1.31 0.31 5.49 0.71 

Parental Substance use No Reference 

  Yes 10.75 3.01 38.35 <0.01 

Gender Female Reference 

 
Male 1.14 0.23 5.74 0.87 

SES Poor Reference 

  Middle 1.18 0.32 4.27 0.81 

  Income 1.18 0.37 3.81 0.78 

Race Non-white Reference 

 
white 0.28 0.06 1.28 0.10 

Age   1.99 1.09 3.63 0.02 

Interaction of Pharmacotherapy  Beta value   p value 

Mood disorders  0.63   0.49 

CD/ODD  3.5   <0.01 

ADHD: Attention deficit Hyperactivity Disorder, ADHD/H: ADHD with 
predominantly hyperactive symptoms, C.I.: confidence interval, P value= 
significance level, CD/ODD= conduct disorder or oppositional defiant disorder. 
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Table 8. Stratified analysis of ADHD/H subtype with CD/ODD and without 
CD/ODD and ADHD medication adjusted by socio-demographic, 
environmental factors and ADHD medications.   

 Categories Odds Ratio 95% C.I. p value 

Subtype Level Analysis 

ADHD/I without CD/ODD  Reference 

ADHD/I with CD/ODD  0.303 0.08 1.21 0.09 

Stratified Analysis  

ADHD/I with CD/ODD 

ADHD Medication No  Reference 

 Yes 0.52 0.25 1.08 0.08 

ADHD/I without CD/ODD 

ADHD Medication No  Reference 

 
Yes 0.41 0.05 3.49 0.42 

ADHD: Attention deficit Hyperactivity Disorder, ADHD/H: ADHD predominantly 
hyperactive symptoms, ADHD/C: ADHD with both symptoms of the inattentive 
and hyperactivity, n= unweighted frequencies, C.I.: confidence interval, P value= 
significance level, CD/ODD= conduct disorder or oppositional defiant disorder 
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Table 9. Multivariate logistic regression analysis results of risk of using 
substances among ADHD/C subtype and other co-variates. 

Predictors Categories Odds Ratio 95% C.I. p value 

Mood Disorder No Reference 

 Yes 0.56 0.25 1.25 0.16 

CD or ODD No Reference 

 Yes 1.40 0.46 4.21 0.55 

ADHD medication No Reference 

 Yes 0.28 0.13 0.63 <0.01 

Childhood Adversities No Reference 

 Yes 15.15 3.91 58.67 <.0001 

Parental Mental Health No Reference 

 Yes 1.54 0.77 3.09 0.23 

Parental Substance use No Reference 

 Yes 0.70 0.30 1.64 0.41 

Gender Female Reference 

 Male 0.37 0.16 0.85 0.02 

SES Poor Reference 

 Middle 1.44 0.51 4.10 0.49 

 Income 2.80 0.77 10.22 0.12 

Race Non-white Reference 

 White 2.01 0.87 4.64 0.10 

Age  1.89 1.31 2.71 <0.01 

Interaction of Pharmacotherapy Beta value   p value 

Mood disorders -1.18   0.02 

CD/ODD 0.81   0.37 
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Table 10. Stratified analysis of ADHD/C subtype with mood disorder and 
without mood disorders and ADHD medication adjusted by socio-
demographic, environmental factors and ADHD medications.   

 Categories Odds Ratio 95% C.I. p value 

Subtype Level Analysis 

ADHD/I without Mood 

Disorder 
 Reference 

ADHD/I with Mood Disorder  0.45 0.21 0.93 0.03 

Stratified Analysis 

ADHD/I with Mood disorder 

ADHD Medication No  Reference 

 Yes 0.15 0.05 0.46 <0.001 

ADHD/I without Mood disorder 

ADHD Medication No  Reference 

 
Yes 0.49 0.14 1.65 0.25 

ADHD: Attention deficit Hyperactivity Disorder, ADHD/C: ADHD with both 
symptoms of the inattentive and hyperactivity, n= unweighted frequencies, C.I.: 
confidence interval, P value= significance level. 


