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Abstract

Attention-deficit hyperactivity disorder (ADHD) is associated with reduced school performance. 

To determine which ADHD symptoms and subtypes have the strongest association, we 

used type and frequency of symptoms on the 2014 National Survey of the Diagnosis and 

Treatment of ADHD and Tourette Syndrome (NS-DATA) to create symptom scores for 

inattention and hyperactivity-impulsivity and define subtypes (ADHD-Inattentive [ADHD-I], 

ADHD-Hyperactive-Impulsive, ADHD-Combined [ADHD-C]). Regression methods were used 

to examine associations between symptoms and subtype and a composite measure of school 

performance. Children with ADHD-C and ADHD-I had higher adjusted odds of having reduced 

overall school performance (ADHD-C = 5.8, 95% confidence interval [CI] = 3.1–10.9; ADHD-I 

= 5.5, 95% CI = 3.1–10.1) compared with children without ADHD. All inattentive symptoms 

were significantly related to reduced school performance in reading, writing, and handwriting, 

while 6 of 9 symptoms were significantly associated in mathematics. Children with ADHD-I 

were significantly more likely than children with other ADHD subtypes to receive a school-based 

Individualized Education Program or 504 Plan. ADHD-I symptoms may be broadly linked to 

reduced school performance.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is defined as a “persistent pattern of 

inattention and/or hyperactivity-impulsivity that interferes with functioning or development” 

that is inappropriate for the individual’s age.1 ADHD is a common neurodevelopmental 

disorder that begins in childhood and affects social, academic, or occupational functioning.1 

The 2016 National Survey of Children’s Health indicates that about 5.4 million children in 

the United States between the ages of 3 and 17 years—approximately 8.9%—currently meet 

criteria for ADHD.2

Children with ADHD are more likely to have poor academic outcomes including lower 

academic performance, grade retention, and higher dropout rates.3,4 Those with persistent 

(current) symptoms experience greater challenges in school performance compared with 

those with nonpersistent symptoms and children without ADHD.5 Severity of ADHD 

symptoms has been found to predict lower academic performance in reading, writing, and 

mathematics in children6 and overall academic performance in adolescents.7 While specific 

learning disorders are common comorbid conditions with ADHD, learning disorders do not 

completely account for the lower academic performance.8

Three subtypes of ADHD have been recognized by the Diagnostic and Statistical 
Manual, Fifth edition (DSM-5), reflecting key differences in symptom presentation. 

These subtypes include combined inattentive and hyperactive-impulsive (ADHD-C), 

predominantly inattentive (ADHD-I), and predominantly hyperactive-impulsive (ADHD-

HI). Evidence suggests that the academic outcomes of children with ADHD differ 

by clinical presentation. In particular, symptoms of inattention, but not hyperactivity/

impulsivity, have been associated with poor school performance generally and in multiple 

domains,5,9 including reading, writing, and mathematics.10 Children meeting diagnostic 

criteria for the 2 subtypes that include inattentive symptoms (ADHD-C and ADHD-I) 

have worse performance on mathematics calculations, written expression, fluid reasoning, 

and visual-motor tests,11 and lower overall academic performance.12 Furthermore, children 

with ADHD-C and ADHD-I have been found to use more special education services than 

children with ADHD-HI and children without ADHD,13 although concern has been raised 

that some children with ADHD-I may not be identified clinically due to a lack of more 

salient disruptive behavior.9

While previous research has been informative in delineating the link between various 

subtypes of ADHD and poorer school performance, some limitations of these studies have 

prevented more detailed conclusions in this area. One of these limitations is a lack of control 

for learning disabilities—a common comorbid condition with ADHD that may confound the 

link between ADHD and school performance.8 Previous work also has not analyzed data 
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on the level of individual ADHD symptom that might be of practical benefit to clinicians 

looking to treat the most impairing symptoms. The current study aims to advance knowledge 

in the association between ADHD and school performance by addressing some of these 

previous limitations by examining data from a large cross-sectional survey on US children 

in which information about individual ADHD symptoms, ADHD subtypes, and other 

important variables, such as the presence of learning disorders, was obtained. An additional 

aim was to examine the link between ADHD subtype and educational service utilization, 

given some of the inconsistent results found previously. We hypothesized that, similar to 

previous work, reduced school performance would be most strongly related to inattentive 

ADHD symptoms, but that some specific behaviors within the inattentive ADHD domain 

would emerge as particularly relevant. We also expected that children with more prominent 

hyperactive/impulsive symptoms would be more likely to be receiving school-based services 

in comparison to children with primarily inattentive symptoms.

Methods

The 2014 National Survey of the Diagnosis and Treatment of ADHD and Tourette 

Syndrome (NS-DATA) is a follow-up survey to the 2011–2012 National Survey of 

Children’s Health (NSCH), a national cross-sectional survey of children younger than 18 

years of age.14–16 The National Center on Birth Defects and Developmental Disabilities 

(NCBDDD) and the National Center for Health Statistics (NCHS) sponsored the NS-

DATA.14 Under the guidance of NCBDDD and NCHS, National Opinion Research Center 

(NORC) at the University of Chicago conducted telephone interviews of parents/guardians 

who completed the NSCH and reported that they had ever been told by a doctor or other 

health care provider that the child had ADHD or Tourette syndrome, and were 2 to 15 

years of age in 2011–2012. The eligibility criteria for the NS-DATA ensured that the 

child was younger than 18 years of age, lived in the same household during the NSCH 

and the NS-DATA, and parents/guardians had ever been told by a doctor or other health 

care provider that the child had ADHD or Tourette syndrome.14 The survey data were 

de-identified, and some survey variables were suppressed or collapsed by the NCHS in order 

to ensure confidentiality and protect the identities of children in the survey.14 We analyzed 

a subset of children in the NS-DATA who were between the ages 8 and 17 years and for 

whom information on ADHD and school performance was collected. Children younger than 

8 years were excluded due to small sample size and lack of comparable age-appropriate 

school performance information in the NS-DATA.

ADHD Symptoms, Additive Scores, and Subtype

We determined type of symptoms, number of symptoms, additive symptom scores, 

and ADHD subtype categories from 18 NS-DATA questions about the child’s ADHD 

symptoms. These questions reflect the 18 DSM-5 criteria for ADHD and were derived 

from The Vanderbilt ADHD Parent Rating Scale (VAPRS), a validated, parent-completed 

questionnaire, which is included as a module in the NS-DATA.17 The VAPRS is used to 

aid in the determination of ADHD in children and differentiate ADHD subtypes through 

assessment for core inattentive and hyperactive/impulsive symptoms. Parents were asked to 

report their child’s symptoms as perceived when the child was not taking medication.
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Identifying Symptoms of Inattention and Hyperactivity/Impulsivity

Symptoms of inattention and hyperactivity and impulsivity are listed in Table 1. NS-DATA 

respondents used a 4-point Likert-type scale (“never,” “occasionally,” “often,” and “very 

often”) to denote how frequently their child exhibited each behavior.

Additive Scoring for Symptoms of Inattention and Hyperactivity/Impulsivity

We created summary variables, using the validated approach in the VAPRS, for each child 

who had current ADHD and who had a response for all 18 of the NS-DATA questions about 

the child’s ADHD symptoms. One summary variable represents the additive score of the 

9 inattentive symptoms, and the other summary variable represents the additive score of 

the 9 hyperactive/impulsive symptoms. Inattentive symptom questions that had responses of 

“never” were coded as 1, responses of “occasionally” were coded as 2, responses of “often” 

were coded as 3, and responses of “very often” were coded as 4. The sum of the scores from 

the 9 inattentive symptom questions became the additive score for inattention. Similarly, the 

9 questions related to hyperactive/impulsive symptom questions were coded, as noted above, 

and summed to give the additive score for hyperactivity/impulsivity.

Identifying ADHD Subtype

To determine a child’s ADHD subtype, we applied the VAPRS criteria for subtype 

determination and validated approach for determining subtype.17 Children with the ADHD-

C subtype had to have at least 6 inattentive symptoms, each with a score of 3 (“often”) 

or 4 (“very often”), of the 9 inattentive symptoms and had to have at least 6 hyperactive/

impulsive symptoms, each with a score of 3 (“often”) or 4 (“very often”), of the 9 

hyperactive/impulsive symptoms. Conversely, children with the ADHD-I subtype had to 

have at least 6 inattentive symptoms, each with a score of 3 (“often”) or 4 (“very 

often”), of the 9 inattentive symptoms while not scoring at least a 3 on 6 or more or the 

hyperactive/impulsive symptoms. Children with the ADHD-HI subtype had to have at least 

6 hyperactive/impulsive symptoms, each with a score of 3 (“often”) or 4 (“very often”), 

of the 9 hyperactive/impulsive symptoms while not scoring at least a 3 on 6 or more or 

the inattentive symptoms. Children who were reported to have ADHD but did not have 

enough reported symptoms to be classified into 1 of the 3 subtypes were categorized as 

“does not meet subtype criteria” and included as a separate group in analyses as this may 

represent a group of children with ADHD who are responding well to treatment. Children 

whose parent/guardian reported that their child did not currently have or no longer had an 

ADHD diagnosis (ie, changed diagnosis, outgrew symptoms) were categorized as “does not 

have ADHD,” included as a separate group in analyses, and served as our referent group in 

multivariate analyses.

School Performance

The VAPRS module in the NS-DATA included 5 questions to assess school performance: 

overall school performance and specific performance in mathematics, reading, writing, 

and handwriting. Parents were asked to describe their child’s performance in each of the 

5 school domains as either “problematic,” “somewhat problematic,” “average,” “above 

average,” or “excellent.” For regression modeling, we chose children with “average” 
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performance for comparison because average performance reflects the minimum expected 

performance in schools. A binary outcome variable was created from the “problematic” and 

“somewhat problematic” response categories and the “average” response category. Analyses 

of school performance using a 3-level outcome variable (problematic/somewhat problematic, 

average, and above average/excellent responses) are available on request to the authors.

Demographic Characteristics and Potentially Confounding Variables

Age was reclassified into 2 levels: 8 to 11 years and 12 to 17 years, based on typical 

primary and secondary school age ranges and treatment recommendations.18 Due to small 

sample sizes of children not classified as non-Hispanic white, race and ethnicity were 

recombined into a single variable with 2 response levels: non-Hispanic white and all others. 

Household poverty was categorized into a 3-level variable derived from 2 survey questions 

that the NCHS suppressed and converted into percentage of the federal poverty level (FPL): 

0% to 199% FPL, 200% to 399% FPL, and more than 399% FPL.14 Parent-reported co-

occurring conditions were conduct disorder, mood disorders, oppositional defiant disorder 

(ODD), obsessive-compulsive disorder (OCD), learning disorder, and language disorder. 

Each condition was recoded as “currently has” or “currently does not have” for each child. 

Individualized Education Program (IEP) and/or 504 Plan was recoded to denote the presence 

of IEP, a 504 Plan, or both.

Analytic Methods

We used linear regression methods to examine the association between additive inattentive 

symptom scores of children with ADHD and school performance and additive hyperactive-

impulsive symptom scores of children with ADHD and school performance. Assumptions 

(eg, approximately normal distribution of residuals and constant variance) for linear 

modeling were checked. We calculated crude odds ratios (ORs), adjusted ORs (AORs), and 

95% confidence intervals (CI) to examine associations between ADHD subtype and school 

performance. We used the Hosmer-Lemeshow goodness-of-fit test to determine which 

variables were significantly associated with school performance and used the goodness-of-fit 

test results to help guide our decisions on which variables to retain in the regression 

models. We retained sex, age, race/ethnicity, household poverty level, and co-occurring 

conditions of anxiety, ODD, OCD, learning disorder, and language disorder in the final 

multivariate logistic regression models. Linear regression and multivariate logistic regression 

analyses were carried out using SAS and SAS-callable SUDAAN version 10 (SAS, Cary, 

NC; RTI International, Research Triangle Park, NC). As the data for these analyses are 

from a complex weighted sample, we used appropriate procedures for examining a specific 

population subgroup, applied weights, adjusted for the survey’s complex sampling design 

structure (ie, the clustering of children within households and stratification by state and 

sample type [landline or cell phone]), and used SUDAAN or SAS SURVEY procedures for 

variance estimation as required for these complex weighted data.

The NS-DATA are publicly available from the NCHS and use of the data does not require 

institutional review board approval. However, the Confidential Information Protection and 

Statistical Efficiency Act (Section 512b) and the Public Health Service Act (Section 308d) 

provide that these data collected by NCHS may be used only for the purpose of health 
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statistical reporting and analysis. Any effort to determine the identity of any reported 

case is prohibited by these laws. NCHS takes extraordinary measures to assure that the 

identity of survey subjects cannot be disclosed. All direct identifiers, as well as any 

characteristics that might lead to identification, have been omitted from the data set. Any 

intentional identification or disclosure of a person or establishment violates the assurances of 

confidentiality given to the providers of the information. Therefore, users must (1) use the 

data in this data set for statistical reporting and analysis only; (2) make no use of the identity 

of any person discovered, inadvertently or otherwise, and advise the Director, NCHS, of any 

such discovery; and (3) not link this data set with individually identifiable data from any 

other NCHS or non-NCHS data sets. We signify that we complied with the statutory-based 

requirements in the use of these data.

Results

Of the 2782 children included in the study subpopulation, 538 children were classified as 

having ADHD-C (22.8%, 95% CI = 19.9–25.7), 771 children as ADHD-I (27.6%, 95% CI 

= 24.7–30.6), and 99 ADHD-HI (3.7%, 95% CI = 2.5–5.0; Table 2). Of the remaining 1374 

children, 998 children did not meet the criteria for an ADHD subtype (31.9%, 95% CI = 

28.9–35.0) and 376 children were reported to no longer have ADHD (13.9%, 95% CI = 

11.7–16.1; Table 2). In this study subpopulation, 62% of children with ADHD-C, 54% of 

children with ADHD-I, and 30% of children with ADHD-HI were getting services through 

an IEP and/or 504 Plan (data not shown).

Table 3 describes each ADHD symptom and the distribution of the number of responses to 

each symptom by ADHD subtype, among those who did not meet criteria for a subtype, 

and as reference, among those reported to no longer have ADHD. Among children with 

ADHD-C, the proportion of responses to individual symptoms of inattention ranged from 

85.6% to 96.0%, and the proportion of responses to individual symptoms of hyperactivity-

impulsivity ranged from 71.6% to 95.4%. Among children with ADHD-I, the proportion 

of responses to individual symptoms of inattention ranged from 69.7% to 92.3%, and the 

proportion of responses to individual symptoms of hyperactivity-impulsivity ranged from 

10.5% to 47.3%. Among children with ADHD-HI, the proportion of responses to symptoms 

of inattention ranged from 16.9% to 68.5%, and the proportion of responses to symptoms of 

hyperactivity-impulsivity ranged from 41.7% to 95.0%.

Table 4 shows the adjusted ORs of problematic/somewhat problematic school performance 

by each of the VAPRS inattentive symptoms. All of the inattentive symptoms were 

significantly associated with problematic/somewhat problematic school performance overall 

and in reading, writing, and handwriting after controlling for other variables. Six of 9 

inattentive symptoms were significantly associated with problematic/somewhat problematic 

performance in mathematics. Inattentive symptoms with the highest adjusted odds were 

the following: failing to follow through on instruction and finish schoolwork; difficulty 

organizing tasks and activities; difficulty paying attention to detail; being easily distracted 

by extraneous stimuli; difficulty sustaining attention to tasks or activities; and losing things 

necessary for and forgetting tasks or activities. A table of the adjusted ORs of hyperactive-
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impulsive symptoms by overall school performance, mathematics, reading, writing, and 

handwriting is available on request.

At the symptom level, a linear relationship was observed between the additive inattentive 

scores for children with ADHD and overall school performance and school performance 

in mathematics, reading, and writing. The increased likelihood of poor school performance 

with the combination of number of reported inattentive symptoms and the frequency of 

inattentive symptoms suggests a dose-like effect between inattentive ADHD symptoms 

and problematic school performance, mathematics, reading, and writing. In overall school 

performance, we observed a decrease in 1 performance level (eg, from average to somewhat 

problematic overall school performance) for every 10 points in the additive inattentive score. 

In mathematics and writing, we observed a decrease in 1 performance level for every 15 

points in the additive inattentive score; in reading, we observed a decrease in 1 performance 

level for every 20 points in the additive inattentive score. A dose-like effect also was 

observed for hyperactive-impulsive symptoms and school performance; however, the effect 

was not as pronounced as that observed for additive inattentive scores (data not shown).

At the subtype level, the odds of problematic/somewhat problematic school performance, 

compared with average school performance, differed by subtype in both crude models 

(data not shown) and after adjusting for age, sex, race/ethnicity, household poverty level, 

anxiety, ODD, OCD, learning disorders, and language disorders (Table 5). Children with 

ADHD-C had higher odds of having problematic/somewhat problematic overall school 

performance (AOR = 5.8, 95% CI = 3.1–10.9) compared with children who no longer 

manifested clinical ADHD (“does not have”). Children with ADHD-C also had higher 

odds of having problematic/somewhat problematic reading (AOR= 3.8, 95% CI= 2.0–7.3), 

writing (AOR = 2.3, 95% CI = 1.3–4.2), and handwriting (AOR = 2.4, 95% CI = 1.3–4.5) 

school performance compared with children who did not have ADHD. In mathematics, 

school performance approached statistical significance (AOR = 1.8, 95% CI= 1.0–3.3).

Children with ADHD-I had higher odds of having problematic/somewhat problematic 

overall school performance (AOR = 5.5, 95% CI = 3.1–10.1) compared with children who 

did not have ADHD. Children with ADHD-I also had higher odds of having problematic/

somewhat problematic reading (AOR = 2.7, 95% CI = 1.5–4.8) and writing (AOR = 2.8, 

95% CI = 1.6–4.7) school performance compared with children who did not have ADHD. 

In mathematics (AOR = 1.8, 95% CI = 1.0–3.1) and handwriting (AOR = 1.7, 95% CI = 

1.0–3.0), school performance approached statistical significance.

Among children with parent-reported diagnoses of ADHD-HI, no significant statistical 

associations with any school performance measures were observed.

Discussion

While the link between reduced school performance and ADHD is widely known, this study 

offers more detailed information regarding particular ADHD subtypes and even individual 

symptoms that may underlie this association. This study in many ways supports earlier 

research on ADHD subtypes and differences in academic achievement and adds strength 

Rigoni et al. Page 7

Clin Pediatr (Phila). Author manuscript; available in PMC 2023 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to the existing research on inattention4,13,19–22 by using nationally drawn data designed 

to control for important confounding variables, including co-occurring conditions, such 

as learning disorders. As others have found, poorer school performance was found to 

be significantly associated with inattentive, but not hyperactive/impulsive symptoms, in a 

dose-like pattern.

More unexpected, however, was our finding that children with predominantly inattentive 

symptoms were more likely to be identified and supported at schools through IEP and 

504 Plans. Although the American Academy of Pediatrics views the “school environment, 

class placement, instructional placement, and behavioral supports [as] a necessary part of 

any treatment plan,”18 a 2016 letter from the US Department of Education Office for Civil 

Rights states “many students with ADHD are still experiencing academic and behavioral 

challenges in the educational setting.”23 IEP and 504 Plans document educational supports 

and accommodations for children with disabilities, respectively. Yet despite these guidelines 

and the known link between inattentive symptoms and poorer school performance, there has 

been concern that inattentive symptoms when not accompanied by hyperactive/impulsive 

symptoms can evade clinical detection because these children are not exhibiting high levels 

of disruptive behavior at school.24,25 In this study subpopulation, however, 62% of children 

with ADHD-C, 54% of children with ADHD-I, and 30% of children with ADHD-HI were 

found to have an IEP and/or 504 Plan, suggesting that inattentive more than hyperactive-

impulsive symptoms were being brought to clinical attention. It is possible that parents 

of children with inattentive ADHD symptoms who have poor school performance have 

sought out formal clinical assessment and/or clinicians over the years have become more 

vigilant in picking up inattentive ADHD symptoms for further evaluation or treatment. 

We also note that our sample had a relatively high rate of children with the inattentive 

subtype. Regardless of subtype, however, more comprehensive use of 504 Plans in ADHD 

populations could help these students manage symptoms of inattention and improve the 

potential for educational success.

Another unique aspect of this study was the analysis of ADHD and school performance 

at the level of the individual symptom. Our study suggests that problematic school 

performance is highly associated with particular inattentive ADHD symptoms—notably, 

being easily distracted by external stimuli and forgetful in daily activities, and to a 

lesser extent, losing things necessary for tasks or activities, and avoiding tasks that 

require significant mental effort. Modification of the school environment is one mechanism 

in the overall treatment plan for children with ADHD.18 Classroom interventions and 

accommodations may help address inattentive symptoms, if present, and may be effective. 

For example, seating assignments may reduce distractions, and daily reminder systems 

may help children remember to bring home assignments or where to place items. Last, 

assignments may be divided into smaller parts or modified to reduce the length of tasks as 

research indicates that children with ADHD may respond better to regular reward and/or 

positive feedback.21,26,27

Our findings identify school performance issues with children diagnosed with ADHD-I. 

Timely diagnosis of ADHD-I resulting in evidence-based behavioral therapy with classroom 

accommodation and, if necessary, prescription medications, at an earlier age may improve 
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academic success and reduce frustration. Additionally, careful assessment of inattentive 

symptoms in children with ADHD-I and ADHD-C can help target classroom interventions 

specific to symptoms.

This study has several strengths including data from a large, nationally drawn sample 

specifically composed of children with ADHD. Additionally, we were able to control for 

many confounding variables and some co-occurring conditions, including anxiety, ODD, 

OCD, learning disorders, and language disorders. However, we also acknowledge some 

limitations of this study. Data for the analysis were obtained from the NS-DATA that 

relies on parent/guardian report and may be subject to social desirability bias. Although 

the completion rate of successfully recontacting households was very high (80.8%), the 

overall response rate for this study (11%) is low as it is the product of the response 

rates of the 2 telephone surveys.14 This suggests that study participants may differ from 

children with ADHD in the general population (eg, the children may be older because the 

ADHD diagnosis was maintained over 2 survey time periods; NS-DATA did not include any 

children who had a recent ADHD diagnosis) and may be an underestimate of the ADHD 

population. Subtype classification and school performance were determined in this study 

using only parent/guardian respondent information. Teacher perception—another important 

aspect of the ADHD diagnosis and evaluation of school performance—was not part of the 

survey or this study. It is possible that either ADHD subtype or school performance could 

be misclassified leading to either over- or underestimation of ADHD symptoms and school 

performance outcomes. Additionally, as with other studies, this study has a smaller number 

of children with ADHD-HI than the other subtypes, resulting in lower statistical power for 

this subtype. Last, the referent group of children with a past diagnosis of ADHD, but not 

a current diagnosis, is different than referent groups of many other ADHD studies. The 

majority of parent reports for children in this group indicated that the “condition seemed to 

go away on its own as the child outgrew the ADHD” diagnosis.28 Given that it is likely that 

many of these children retained at least some residual ADHD symptoms, it is possible that 

we have underestimated the academic impact of ADHD in these analyses.

To more fully understand the impact of ADHD and, specifically, individual symptoms 

of inattention, on school performance, it may be useful to evaluate which classroom 

accommodations and behavioral therapies are most effective in reducing symptoms of 

inattention and improving school performance. Population-based efforts directed at timely 

diagnosis of ADHD characterized by inattentive symptoms and reduction of symptoms 

of inattention, either through behavioral therapy (with classroom accommodations) and/or 

medication, may improve school performance. Due to the high prevalence of ADHD 

characterized by inattention among children, small improvements may have an overall large 

effect on population health and academic performance. Since inattentive symptoms often 

persist into adulthood, effective management in childhood and adolescence also may result 

in improved occupational and life opportunities.
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