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ABSTRACT

Objective: To characterize treatment trajectories in children
newly diagnosed with attention-deficit/hyperactivity disorder
(ADHD).

Methods: We utilized billing records of children aged 3 to

18 years in 28 US states’ Medicaid programs between 1999

and 2006. Children entered the cohort at the first ADHD
diagnosis (ICD-9-CM: 314.00) preceded by =6 months with no
psychotropic medication use and no psychiatric diagnoses. We
followed children for 5 years to assess use of (1) psychotropic
polypharmacy (the use of >3 psychotropic medication classes),
(2) antipsychotics, and (3) anticonvulsants. We used mixed-
effects logistic regression to model the probability of each
utilization outcome as a function of age at ADHD diagnosis and
follow-up year, adjusted for sociodemographic factors.

Results: Our cohort included 16,626 children of whom 79.2%
received stimulants, 33.2% antidepressants, and 23.1%
a-agonists, and 25.3% received psychotropic polypharmacy
treatment at least once in a subsequent year. Antipsychotics
(7.1%-14.7%), anticonvulsants (4.0%-7.9%), and psychotropic
polypharmacy (8.5%-13.4%) use increased from year 1to 5,
but this increase was confined to children between ages 3

and 9 at ADHD diagnosis. Children diagnosed at age 3 had the
most substantial increase in each outcome (OR=1.80[95% Cl,
1.36-2.38]; 1.85 [1.38-2.47]; 2.14 [1.45-3.16]), respectively. Also,
39.1% of 9,680 children-years with psychotropic polypharmacy
therapy had no psychiatric diagnoses other than ADHD.

Conclusions: Psychotropic polypharmacy, antipsychotic, and
anticonvulsant use increased with each year of follow-up. This
effect was strongly mediated by the age of ADHD diagnosis
with substantial increases in preschoolers but no corresponding
effect in older children. It was only partially explained by
physician diagnoses of concomitant mental disorders.
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Many reports in North America and Europe in the
past decade describe increases in use of psychotropic
medications among children, in particular those involving
attention-deficit/hyperactivity disorder (ADHD) medications
and atypical antipsychotics'~

This growth appears not only related to an increased
prevalence of mental disorder diagnoses but also because
of increasing use of psychotropic polypharmacy.!®!! For
example, 1996-2007 National Ambulatory Medical Care
Survey data’ of child and adolescent visits to office-based
physicians in which a mental disorder was diagnosed showed
an increase of multiclass psychotropic treatment from 22%
(1996-1999) to 32% (2004-2007), with notable increases
of coprescription patterns for ADHD medications and
antipsychotic medications. An analysis of Texas Medicaid
recipients reported that 25% of recipients receiving ADHD
treatment used more than 1 medication, most commonly
concomitant antidepressants (15%) or antipsychotics (12%).12

ADHD is a particular focus of psychotropic polypharmacy
because of its high prevalence and early age at onset. Yet
little is known about the efficacy or safety of concomitant
treatment regimens for ADHD.!""'3!4 To establish targets for
comparative safety and effectiveness research in this area, a
greater understanding is needed of common psychotropic
regimens and their correlates in community practice.

We aimed to determine the prevalence of psychotropic
treatment in a cohort of children newly diagnosed with
ADHD who had not been recently treated with psychotropic
medications. We followed the children over 5 years to
characterize trajectories in treatment patterns over time and
to evaluate whether their age at the time of ADHD diagnosis
influenced these treatment trajectories.

METHODS

Study Population

We used a study population that had been assembled for
the evaluation of central nervous stimulant risk on severe
cardiac events and that has been described elsewhere.!® In
brief, the cohort was established from the 28 US states with the
largest child and adolescent population eligible for Medicaid
fee-for-service benefits between 1999 and 2006, representing
24 million children and adolescents. Medicaid billing
records summarized in the Medicaid Extract Files (MAX)
by the Centers for Medicare and Medicaid Services (CMS)
provided inpatient and outpatient claims with mental health

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2017 Copyright Physicians Postgraduate Press, Inc.

J Clin Psychiatry 78:7, July/August 2017

PSYCHIATRIST.COM = e774



(]
)
=

O
a
©
o=
=
(¥}

Winterstein et al

B |n the past decade, there has been a significant increase
in use of psychotropic monotherapy and polypharmacy
among children and early adolescents with ADHD. Yet
the relationship between age at onset and subsequent
magnitude of psychotropic use has not been
characterized.

B Preschoolers with ADHD had increased odds of receiving
antipsychotics, anticonvulsants, and polypharmacy
regimens during early adolescence when compared with
children with later onset of ADHD.

B Preschool onset of ADHD may signal increased clinical
complexity, misapplication of formal ADHD diagnostic
criteria, or other psychiatric conditions. More research
is needed to understand the underlying concomitant
mental disorders and develop evidence-based algorithms
to align treatments with each patient’s clinical needs.

diagnoses and pharmacy claims with details on dispensed
prescriptions.

In the following analyses, children had to be at least 3
years and not more than 14 years of age at the date of the
first observed diagnosis of ADHD (ICD-9-CM: 314.0x)
preceded by at least 6 months of continuous Medicaid
enrollment (index date). We further required availability
of a 5-year follow-up period with subsequent ADHD
diagnoses no later than 12 months of each previous
diagnosis and without occurrence of a hospitalization of
more than 30 days, occurrence of the 19th birthday, death,
or pregnancy. In an attempt to focus the analysis on new
treatment episodes of ADHD, we further restricted the
cohort to no other psychiatric diagnoses (ICD-9-CM: 290-
319) or psychotropic medication use during the pre-index
6-month period.

Psychotropic Medication Exposure

Psychotropic medication use was defined from pharmacy
claims with a start date at the day of dispensing. On the
basis of its National Drug Code (NDC), we classified each
psychotropic medication into 1 of 7 classes according to the
American Hospital Formulary System (AHFS),'¢ including
(1) stimulants (including atomoxetine), (2) a-agonists, (3)
antidepressants, (4) antipsychotics, (5) anticonvulsants, (6)
anxiolytics/hypnotics/sedatives, and (7) lithium.

Study Outcomes

We divided each patient’s follow-up period into five
1-year periods, and then classified each of these years with
regard to the use of the 7 defined psychotropic medication
classes, determined by presence of at least 1 pharmacy claim
from the respective class. We used this classification to define
3 binary outcome variables: (1) psychotropic polypharmacy
(the use of at least 3 medication classes at any time during a
follow-up year), (2) use of antipsychotic medication at any
time during a follow-up year, and (3) use of anticonvulsant
medication at any time during a follow-up year.

Concomitant Psychiatric Disorders

To characterize the association between the number
of concomitant psychiatric disorders and the use of
psychotropic polypharmacy at any time during a follow-up
year, we considered 11 different classes of psychiatric
disorders (Table 1). We then estimated the frequency of
ADHD-concomitant disorders across all study years.

Data Analysis

We used mixed-effects logistic regression'” to model the
probability of each of the 3 binary outcome variables as a
function of age at the time of ADHD diagnosis and year
postdiagnosis. We added the following covariates to our
model to adjust for confounding: sex, race, calendar year of the
beginning of a follow-up year, Medicaid eligibility indicators
for foster-care status, disability status (Supplemental Security
Income—SSI), and poverty status (Temporary Assistance
for Needy Families) during each follow-up year. We also
included low or high ADHD prevalence (categorized by
median across all 50 states and the District of Columbia)
in the state of Medicaid eligibility for each follow-up year as
reported by the Centers for Disease Control and Prevention
(CDC).? Study states in the lower 2 quartiles of ADHD
prevalence were Georgia, Iowa, Idaho, Illinois, Minnesota,
Nebraska, New Hampshire, New York, and Texas.

We used restricted cubic splines (RCS)'8 to represent
the effect of age at ADHD diagnosis, and allowed the RCS
age-trend shape to vary independently across follow-up year
through the use of interaction terms, ie, each follow-up year
was represented with a separate trend curve. We viewed
the 5 binary responses from a patient follow-up period
as a 5-element response vector with possible correlation

Table 1. Classification and Frequency of Concomitant Mental Disorders Across All Study Years (N=16,626)

Disorder ICD-9-CM Codes n (%)
Oppositional defiant disorder/conduct disorder 312-312.30,312.34,312.35,312.4x-312.9x, 313, 313.8,313.81, 313.9x 5,075 (30.5)
Learning, motor, and communication disorders 307.9, 313.83, 315.xx 2,992 (18.0)
Depression 296.2x, 296.3%, 296.82,300.4, 311 2,682 (16.1)
Adjustment disorder 309-309.20, 309.22-309.80, 309.82-309.99, 313.89 2,547 (15.3)
Anxiety 300.0-300.09, 300.2-300.29, 300.3, 308.0, 308.2x-308.9x, 309.21, 309.81, 313.0, 313.2x 1,853 (11.2)
Bipolar disorder 296.0-296.19, 296.4-296.81, 296.83-296.99, 301.13 1,418 (8.5)
Eating/elimination/sleep disorders 307.1,307.4x, 307.5x, 307.6-307.79, 347, 780.52-780.59, 787.6 1,373 (8.3)
Intellectual disabilities 317.xx, 318.xx, 319.xx 675 (4.1)
Schizophrenia and other psychotic disorders 295.xx, 297 .xX, 298.xx 486, (2.9)
Autism 299.0x, 299.8x 358(2.2)
Tic disorders 307.2x, 307.3x 203 (1.2)
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Table 2. Cohort Characteristics (N=16,626)?
Characteristic

Age at index date (first ADHD diagnosis), mean+SD, y 8.0+£2.53
3-5 1,724 (10.4)
5-7 4,947 (29.8)
7-9 4,435 (26.7)
9-11 3,030(18.2)
11-14 2,490 (15.0)

Female 4,902 (29.5)

Race/ethnicity
White (non-Hispanic) 7,903 (47.5)
Black (non-Hispanic) 6,424 (38.6)
Hispanic 1,408 (8.5)
Other 891 (5.4)

Foster care at index date 2,121 (12.8)

Supplementary security income (disability) at index date 249 (1.5)

Temporary assistance to needy families (poverty) at index date 3,828 (23.0)

State of Medicaid eligibility at index date

Louisiana 2,347 (14.1)
North Carolina 1,920 (11.6)
Texas 1,682 (10.1)
Ohio 1,550(9.3)
Illinois 1,525(9.2)
Georgia 1,109 (6.7)
South Carolina 1,052 (6.3)
Florida 930 (5.6)
New York 890 (5.4)
Mississippi 796 (4.8)
Missouri 650 (3.9)
Arkansas 331(2.0)
Indiana 311(1.9)
Wisconsin 211 (1.3)
Pennsylvania 196 (1.2)
Massachusetts 175 (1.1)
Kansas 172 (1.0)
West Virginia 166 (1.0)
Idaho 158 (1.0)
Nebraska 157 (0.9)
Minnesota 87 (0.5)
lowa 84 (0.5)
New Hampshire 78 (0.5)
Vermont 49 (0.3)
Drug use over 5-year follow-up
Stimulants 13,173 (79.2)
Antidepressants 5,518 (33.2)
a-Agonists 3,833 (23.1)
Antipsychotics 3,785 (22.8)
Anticonvulsants 2,396 (14.4)
Anxiolytics/sedatives/hypnotics 2,734 (16.4)
Lithium 221 (1.3)
Maximum number of drug classes used by a patient in any year
0 2,423 (14.6)
1 6,087 (36.6)
2 3,904 (23.5)
3 2,407 (14.5)
4 1,210(7.3)
5 468 (2.8)
6 121(0.7)
7 6 (0.0)
<3 12,414 (74.7)
>3 4,212 (25.3)

aAll values are n (%) unless otherwise noted.

among the elements and used a first-order autoregressive (AR1)
covariance structure to model patient as a random effect in
order to account for this correlation.”” We fit our models using
PROC GLIMMIX in SAS Version 9.2 (SAS Institute, Cary, North
Carolina) and used the fitted models to estimate odds ratios
with 95% confidence intervals and predicted probabilities of
medication use by age at ADHD diagnosis and follow-up year.
The study was approved by the University of Florida Institutional

ADHD Diagnosis Age and Psychotropic Polypharmacy

Review and Privacy Boards «and the Centers for
Medicare and Medicaid Services Privacy Board.

RESULTS

Our cohort included 16,626 children and youth
with a mean age at ADHD diagnosis (study index
date) of 8.0+ 2.53 years (Table 2). Most of the children
were white males with 12.8% in foster care and 23.0%
receiving Temporary Assistance for Needy Families,
indicating poverty.

Psychotropic Medication Utilization
Over 5-Year Follow-Up

At some point during the 5-year follow-up, most
children received stimulants (79.2%), followed by
antidepressants (33.2%), a-agonists (23.1%), and
antipsychotics (22.8%). One quarter of children
(25.3%) had at least 1 follow-up year during which
they filled prescriptions for 3 or more different
psychotropic medication classes. While the proportion
of children with no psychotropic use increased with
each year of follow-up from 20.7% to 43.4%, we also
noted an increase in the use of 3 or more classes from
8.5% of children in year 1 to 13.4% in the fifth year of
follow-up (Figure 1).

Decreases in overall psychotropic medication
utilization were mainly driven by decreases in
stimulant use, while increases occurred in the
use of antipsychotics and anticonvulsants (Figure
1). Specifically, antipsychotic use increased from
7.1% during the first year of ADHD diagnosis to
14.7% at year 5, compared to 4.0% versus 7.9% for
anticonvulsants.

Determinants of Antipsychotic, Anticonvulsant,
and Psychotropic Polypharmacy Treatment

Male sex, white race, and presence in foster
care significantly increased the probabilities of
antipsychotic, anticonvulsant, and psychotropic
polypharmacy treatment in any study year (eAppendix
1). Interestingly, residence in a high-prevalence
ADHD state, matching CDC data, decreased the
chance of antipsychotic use (OR=0.81; 95% CI, 0.75-
0.88) but did not affect anticonvulsant use or overall
psychotropic polypharmacy treatment.

The general trend for increasing probabilities
of psychotropic polypharmacy, anticonvulsant, or
antipsychotic use over the course of follow-up did
not hold if interactions between diagnosis age and
follow-up year were examined. For children diagnosed
between ages 3 and 9, each year of follow-up increased
their probability for psychotropic polypharmacy
therapy, antipsychotic, and anticonvulsant use, with
the most pronounced effect in children diagnosed at
age 3 (Figure 2). For example, this age group showed
an 85% (OR=1.85; 95% CI, 1.38-2.47) increase in the

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2017 Copyright Physicians Postgraduate Press, Inc.

J Clin Psychiatry 78:7, July/August 2017

PSYCHIATRIST.COM = e776



Winterstein et al

Figure 1. Prevalence of Psychotropic Drug Classes for Each of 5 Years of
Follow-Up in ADHD Cohort?
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aLithium is not displayed due to extremely low utilization rates (< 0.8% per year).

probability for antipsychotic use at year 5 of follow-up. Respective odds
ratios for anticonvulsant use and psychotropic polypharmacy therapy
were 2.14 (95% CI, 1.45-3.16) and 1.80 (95% CI, 1.36-2.38). In contrast,
children diagnosed after age 9 showed no significant growth in any of the
3 utilization outcomes over time.

Figure 2 illustrates the interactions between age at diagnosis and the 3
utilization outcomes. Probabilities are standardized to white males who
live in a state with high ADHD prevalence and are not in foster care, not in
poverty, and not disabled. For children at young age at ADHD diagnosis,
the probability for use of psychotropic polypharmacy increased with each
year of follow-up, whereas this trend appeared to be reversed for children
at older age at cohort entry. Of note, younger age at ADHD diagnosis was
a pronounced determinant of psychotropic polypharmacy, regardless of
the biological age at follow-up. For example, at age 10, probabilities were
distinctly higher for a child diagnosed at age 8 or age 5 than for a 10-year-
old child just diagnosed with ADHD. Children diagnosed at age 9 or later
had comparably low probabilities for psychotropic polypharmacy therapy
no matter what follow-up year was considered.

Trends for the use of antipsychotics and anticonvulsants were quite
similar. Again, younger age at ADHD diagnosis was highly associated
with use of antipsychotics or anticonvulsants and showed continuous
increases in later follow-up years. In contrast, use of antipsychotics
or anticonvulsants in children with ADHD diagnosis in later years of
childhood was generally lower and showed flat or decreasing probabilities
over the 5-year follow-up period.

Psychotropic Polypharmacy Therapy
and Diagnosis of Other Mental Health Disorders

The most common concomitant mental health disorders in this
pediatric ADHD population were oppositional defiant and conduct
disorder (30.5%); learning, motor, and communication disorders
(18.0%); and depression (16.1%, Table 1). Patient-years with psychotropic
polypharmacy therapy had a mean of 1.92 (95% CI, 1.90-1.94) mental
health diagnoses (including ADHD) compared to 1.35 (95% CI, 1.34-
1.36) in children prescribed fewer than 3 medication classes (P<.0001),
suggesting that psychotropic polypharmacy was introduced due to
manifestation of concomitant mental health disorders. However, 39.1%

of 9,680 children-years with psychotropic
polypharmacy had only a diagnosis of ADHD
with no other mental health diagnoses (Table
3). Likewise, examination of psychotropic
polypharmacy therapy restricted to children
age 6 or younger revealed 45.6% with only an
ADHD diagnosis.

DISCUSSION

Our study has several important findings.
First, utilization of psychotropic polypharmacy
therapy in general, and antipsychotics and
anticonvulsants in particular, increased during
the study period (1999-2006). Focusing on
newly diagnosed children with ADHD and no
other mental health diagnoses or psychotropic
medication use in the previous 6 months, we
found that a quarter of children had at least
1 follow-up year in which prescriptions for
psychotropic polypharmacy were filled.
Second, in preschoolers and elementary-school
children, each year of follow-up increased the
probability for psychotropic polypharmacy,
antipsychotic, and anticonvulsant use, while
the opposite was true for older children. Third,
even if adjusted for current age, calendar
year, and year of follow-up, a child’s age at
ADHD diagnosis was a strong predictor of
psychotropic polypharmacy, antipsychotic,
and anticonvulsant use. Specifically, a child at
age 10 had a much higher probability to use
psychotropic polypharmacy, antipsychotics,
and anticonvulsants if the original diagnosis
of ADHD had been made at age 6 compared
to a child whose first ADHD diagnosis
occurred at age 9. Finally, while presence of
additional mental health diagnoses explained
psychotropic polypharmacy therapy to a
certain extent, more than a third of children-
years with psychotropic polypharmacy
therapy had only a diagnosis of ADHD. This
observation was true across all age groups and
slightly more pronounced in younger children.

Our findings confirm previous reports
on increases in psychotropic polypharmacy
therapy, but reported prevalence rates vary due
to differences in underlying definitions.”!**
We used a liberal definition that required
presence of 3 or more psychotropic medication
classes within a given follow-up year, which
cannot establish concomitant use. We further
did not consider polypharmacy within a
psychotropic medication class, which would
have increased observed rates. Instead, we
focused on describing children’s mental
health treatment pattern in terms of exposure
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Figure 2. Probability for Use of Psychotropics by Age at Diagnosis

of Attention-Deficit/Hyperactivity Disorder and Follow-Up Year
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Table 3. Number of Mental Health Disorders Observed
Annually in Patient-Years With Exposure to 3 or More
Psychotropic Drug Classes

Patient-Years (PY)
With >3 Drug Classes®

Number of All <6 Years Old
Mental Health Disorders (9,680 PY) (1,029 PY)
1 3,784 (39.1) 469 (45.6)
2 3,039 (31.4) 318(30.9)
3 1,677 (17.3) 156 (15.2)
4 765 (7.9) 64 (6.2)
5 296 (3.1) 18(1.7)
6 89(0.9) 4(0.4)
7 25(0.3) 0(0.0)
8 5(0.1) 0(0.0)

2Values represent number (%) of patient-years.

to varying psychotropic classes in order to identify
populations at greatest need for further study. Based on
these findings, the safety and effectiveness of combinations
of stimulants, antipsychotics, and anticonvulsants
deserve special attention. Without additional clinical
detail, which is unavailable in administrative datasets,
it is impossible to determine reasons for the relatively
common coprescription of anticonvulsants, anxiolytics,
antipsychotics, and antidepressants in these Medicaid
patients despite the paucity of evidence-based support
for these regimens.’! Yet, some plausible explanations
include a failure to achieve remission with stimulant
monotherapy,?* possible underdosing of stimulants,?
difficulty accessing psychosocial treatments,** and
complex comorbid clinical presentations, including
clinically relevant problems with impulsivity, agitation,
and aggression.

Other reports have described an association
between younger age and use of stimulants,?>?° but
little information is available on antipsychotic and
anticonvulsant use in children with ADHD. Examining
cohorts without requirement for specific mental health
disorders, some studies have reported opposite age
effects for use of antipsychotics®?’ and psychotropic
polypharmacy,?® possibly due to different psychiatric
profiles in general mental health populations compared
to our cohort of children with ADHD.

We are unaware of any study that has investigated
temporal changes in psychotropic treatment patterns of
children who had new episodes of ADHD and no other
preceding mental disorder diagnosis. That the complexity
of pharmacologic treatment increased significantly over
time raises questions about the underlying indications
and disease progression. These questions are particularly
important for the third of our study years where
psychotropic polypharmacy occurred in children with
only a diagnosis of ADHD. One explanation for such
a multifaceted treatment regimen could be stimulant-
resistant aggressive symptoms, which might be treated
with risperidone and other antipsychotic medications.?
Consistent with this observation, previous reports
have pointed out that children and adolescents with
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ADHD appear £o account for a substantial proportion
of antipsychotic use.***! Alternatively, it is possible that
clinicians avoid giving additional diagnoses that may be
perceived as being stigmatizing, such as oppositional defiant
disorder or conduct disorder.

The most important finding in this context is the
pronounced effect of the ADHD diagnosis age on psychotropic
use pattern. It may not be surprising that children whose
parents seek mental health services for them at an early
age may have more severe or complex symptoms, resulting
in psychotropic polypharmacy treatment approaches.*?
However, because younger children showed no difference in
the frequency of concomitant mental health disorders from
their older counterparts, questions about the age-related
differences in choice of treatment regimen remain.

There is limited evidence supporting the effectiveness
and safety of ADHD medication in preschoolers. The
70-week, 6-site National Institute of Mental Health (NIMH)
Preschool ADHD Treatment Study (PATS) 3 reported that
preschoolers may benefit from low doses of methylphenidate,
but closer monitoring was required because of somewhat
greater side effects. It is worth mentioning that participant
children were included in the PATS study only if they
failed to benefit from behavioral therapy. Such an approach
follows current guideline protocols by using psychotherapy
as first-line treatment.** By contrast, medications are
often prioritized over psychotherapy in clinical practice,
especially primary care settings. For example, Finnerty and
colleagues® recently reported that most Medicaid-insured
youth have not received a psychosocial service visit in the 3
months preceding their antipsychotic medication treatment
initiation. Also, CDC data from public and private services
found that approximately three-quarters of children aged
2-5 years with an ADHD diagnosis received medication,
and only about half or fewer received any psychological
services.>® The apparent disconnect between evidence-
based medicine and current clinical practice®” is partly
contingent on lack of proper training in evidence-based
psychotherapies, insufficient financial incentives to provide
it, barriers regarding coordination of care across specialties,
and availability of such services.

In addition, several factors outside clinical settings
may also help explain the current imbalance between
medication and psychotherapy use. First, in the last couple
of decades, medical education has prioritized training
in pharmacotherapy over behavioral and psychosocial
techniques. * Second, increasing pressure from parents to
reduce to a minimum social and cognitive impairments
in their children may also be fueling the rise in ADHD
medication use.* Third, the pharmaceutical industry has
invested heavily in direct-to-consumer marketing, with a
3-fold increase in their spending for psychotropic medication
promotion between 1996 and 2005.*° This advertising
overload may have contributed to altering the perception of
the benefit/safety ratio (highlighting the effectiveness and
reducing safety concerns) by clinicians and patients. Fourth,
health insurance coverage varies from state to state and

health planto health plan, discouraging in some cases the
use of behavioral therapy as a cost containment scheme.*!
Lastly, the mental health specialist shortage throughout
the United States remains a significant barrier.** In light
of limited clinical trial evidence concerning psychotropic
polypharmacy regimens and antipsychotic or anticonvulsant
use for ADHD alone, future comparative effectiveness and
safety research might focus on preschool-aged and school-
aged children, especially considering their vulnerability for
adverse effects. That treatment patterns differ so dramatically
in children without recent mental health history who enter
mental health care at younger versus older age clearly
deserves further investigation.

Several limitations of this study deserve mentioning. Our
study used a large cohort of children eligible for Medicaid
services in 28 states, and findings cannot be generalized
to publicly insured children and adolescents. Because
children receive comprehensive medication benefits under
Medicaid, we are confident in the validity of the information
on dispensed medications. We restricted our population to
children who had not received psychotropic medications
or any mental health diagnosis during a 6-month look-
back period before the index ADHD diagnosis. While this
approach does not assure that children were truly newly
diagnosed with ADHD and naive to psychotropics, it
does reflect a new episode of mental health treatment and
psychotropic medication therapy. As now documented in the
revised DSM-5 criteria, ADHD can manifest after age 7, which
provides some assurance that our definition of diagnosis age
may reflect the actual age of ADHD manifestation.*> Even
though we controlled for various patient characteristics
to ensure comparable age cohorts, there may be other
unmeasured differences between the groups. We purposely
did not adjust for any additional mental health disorders
diagnosed during follow-up, because these disorders
would be expected to correlate with treatment pattern.**
It is important to note that all cohorts consisted of newly
diagnosed ADHD patients with no other mental health
history or psychotropic treatment within 6 months prior
to cohort entry. Thus, the observed age-related differences
in treatment pattern may be explained by differences in
diagnoses that followed the initial ADHD diagnosis but
not the disorder spectrum that was documented at the time
of study entry (ie, the first ADHD diagnosis). In addition,
some of the clinical diagnostic patterns, such as the relatively
high proportion of patients diagnosed with bipolar disorder,
may reflect misapplications of formal diagnostic criteria.** It
should be noted that billing data in outpatient settings limit
the number of ICD-9 codes reported. As a consequence, we
may be underestimating both the number of eligible children
with a compatible ADHD diagnosis and the number of their
comorbidities, but such measurement error should affect
age group to a similar extent. Concerns also exist regarding
the validity of clinical pediatric diagnoses in administrative
health data.*® Finally, the data are a decade old and may not
be indicative of current medication trends for preschoolers
with ADHD.
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It isimportantto note that we did not require overlapping
time periods for dispensed medication classes to consider
them polypharmacy regimens in a given observation year.
Thus, therapy may have been concomitant or, alternatively,
it may have been sequential. In both instances, it appears as
though for a substantial proportion of younger children, use
of traditional and FDA-approved ADHD medications did not
suffice or that other mental health comorbidities complicated
the clinical course. This finding in younger children is in
stark contrast to that in children who were diagnosed with
ADHD later in childhood or adolescence where no increase
in psychotropic polypharmacy (using the same definition),
antipsychotic, or anticonvulsant use was observed. Important
in this context is the increasing shift of ADHD treatment
to primary care, which may result in different diagnostic
and treatment practices than those observed by psychiatric
specialists. We also need to differentiate more accurately
whether the impressive rise of ADHD diagnosis is driven
by increased awareness and appreciation of the disorder, by
interactions between concomitant mental disorders, or by
the increase of inaccurate diagnosis. The separation of these
3 factors would help sharpen treatment selection and may
reduce unneeded polypharmacy. While billing data from
physician office visits may not have captured all diagnoses
and thus may not provide a comprehensive picture of type
and severity of symptoms, it is unlikely that such imprecision
would have been different across age groups. The diagnostic
criteria for ADHD in this study have shown good predictive
validity in terms of functional impairment over time.*” Also,
rates of psychiatric comorbidity appear to be similar to those
in older children.*

ADHD Diagnosis Age and Psychotropic Polypharmacy

Future research should aim at a better understanding of
the underlying concomitant disorders to help define clinical
targets for intervention, especially in children who present for
the treatment of ADHD at earlier ages. Earlier engagement
of consultation with child and adolescent psychiatrists,
especially for younger patients with more complex clinical
presentations, may help to improve quality of care. At the same
time, more research is needed on stepped-based models of
care to inform the development of evidence-based algorithms
to help guide management so that treatment modalities align
with each patient’s clinical needs. Such research should further
clarify the role that diagnosis age plays on illness expression,
illness course, and psychotropic treatment regimen. Finally,
further investigation of more recent data would be warranted
to explore the effect of recent changes in diagnostic criteria
and treatment guidelines on prescribing practices.

CONCLUSION

In this cohort of newly diagnosed children with ADHD
without recent psychotropic medications, the probability
of psychotropic polypharmacy, antipsychotic, and
anticonvulsant use increased with each year of follow-up.
However, this effect was strongly mediated by age at ADHD
diagnosis with profound increases in all 3 outcomes in
preschoolers and no such effect in children diagnosed with
ADHD after elementary school. Thus, earlier diagnosis of
ADHD was associated with increasingly complex therapy
involving multiple non-ADHD medications. This effect was
explained only in part by the presence of physician office
claims with diagnoses of concomitant mental disorders.
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eAppendix 1. Determinants of antipsychotic use, anticonvulsant use, and multi-drug regimen

Antipsychotics Anticonvulsants >= 3 psych drug classes
OR 95% Cl OR 95% Cl OR 95% Cl
M vs F 1.61 1.47-1.75 1.14 1.03-1.26 1.42 1.32-1.53
Black vs White 0.72 0.67-0.78 0.60 0.54-0.66 0.57 0.52-0.61
Hispanic vs White 0.85 0.74-0.97 0.86 0.72-1.01 0.82 0.72-0.93
Unknown vs White 0.96 0.82-1.12 0.67 0.54-0.83 0.71 0.61-0.83
Foster care 1.50 1.37-1.63 1.42 1.27-1.59 1.51 1.39-1.64
Disability 0.78 0.63-0.97 0.79 0.60-1.04 0.78 0.63-0.97
Poverty 1.08 1.01-1.15 0.99 0.90-1.09 1.03 0.96-1.11
High-prev ADHD state vs low 0.81 0.75-0.88 0.95 0.86-1.05 0.97 0.90-1.04
2000 vs 1999 1.11 0.98-1.26 1.00 0.85-1.17 1.03 0.92-1.16
2001 vs 1999 1.26 1.07-1.49 1.07 0.87-1.31 1.11 0.96-1.29
2002 vs 1999 1.47 1.20-1.81 1.17 0.90-1.51 1.21 1.01-1.46
2003 vs 1999 1.69 1.33-2.16 1.25 0.93-1.70 1.28 1.03-1.59
2004 vs 1999 1.90 1.44-2.50 1.36 0.97-1.90 1.31 1.03-1.67
2005 vs 1999 1.99 1.47-2.69 1.37 0.95-1.99 1.38 1.05-1.80
Age at Age at Age at

Follow-up year ADHD Dx ADHD Dx ADHD Dx

Year2vs 1 3 1.47 1.25-1.73 3 1.64 1.29-2.08 3 1.32 1.12-1.56
Year3vs1 3 1.72 1.39-2.14 3 1.69 1.24-2.30 3 1.51 1.21-1.87
Year4vs 1 3 1.80 1.39-2.33 3 1.89 1.32-2.69 3 1.65 1.28-2.12
Year 5vs 1 3 1.85 1.38-2.47 3 2.14 1.45-3.16 3 1.80 1.36-2.38
Year2vs 1 6 1.40 1.29-1.53 6 1.39 1.24-1.57 6 1.31 1.21-1.42
Year3vs 1 6 1.59 1.39-1.83 6 1.56 1.30-1.86 6 1.42 1.25-1.61
Year4vs 1 6 1.65 1.38-1.97 6 1.76 1.40-2.21 6 1.58 1.34-1.87
Year 5vs 1 6 1.67 1.35-2.07 6 1.87 1.43-2.45 6 1.54 1.27-1.88
Year2vs 1 9 1.26 1.14-1.38 9 1.18 1.03-1.34 9 1.21 1.10-1.33
Year3vs 1 9 1.34 1.16-1.55 9 1.29 1.06-1.56 9 1.21 1.05-1.39
Year4vs 1 9 1.34 1.11-1.61 9 1.45 1.14-1.84 9 1.30 1.09-1.55
Year5vs1 9 1.30 1.04-1.62 9 1.46 1.10-1.93 9 1.18 0.96-1.45
Year2vs 1 12 1.05 0.93-1.19 12 0.99 0.85-1.16 12 1.03 0.89-1.18
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Year3vs1 12 1.00 0.84-1.19 12 0.93 0.74-1.16 12 0.91 0.75-1.10
Year4vs 1 12 0.92 0.74-1.15 12 1.02 0.78-1.34 12 0.88 0.70-1.10
Year5vs 1 12 0.84 0.65-1.08 12 0.98 0.72-1.33 12 0.78 0.61-1.01
Year2vs1 14 0.92 0.75-1.12 14 0.88 0.68-1.14 14 0.90 0.71-1.13
Year3vs1 14 0.80 0.61-1.04 14 0.72 0.52-1.01 14 0.73 0.54-0.98
Year4vs1 14 0.69 0.51-0.94 14 0.78 0.53-1.15 14 0.64 0.46-0.90
Year 5vs 1 14 0.60 0.42-0.84 14 0.72 0.48-1.10 14 0.58 0.40-0.83
Follow-up Follow-up Follow-up
year year year
DX-age 6vs 3 1 0.22 0.15-0.32 1 0.34 0.20-0.55 1 0.20 0.15-0.29
DX-age 9vs 3 1 0.16 0.10-0.25 1 0.30 0.17-0.54 1 0.13 0.09-0.20
DX-age 12 vs 3 1 0.18 0.12-0.27 1 0.44 0.26-0.74 1 0.13 0.09-0.18
DX-age 14 vs 3 1 0.23 0.16-0.32 1 0.64 0.40-1.02 1 0.13 0.10-0.19
DX-age 6vs 3 2 0.20 0.15-0.28 2 0.24 0.16-0.37 2 0.20 0.15-0.28
DX-age 9vs 3 2 0.13 0.09-0.19 2 0.18 0.11-0.30 2 0.12 0.08-0.17
DX-age 12 vs 3 2 0.13 0.09-0.17 2 0.22 0.14-0.35 2 0.10 0.07-0.13
DX-age 14 vs 3 2 0.14 0.10-0.18 2 0.29 0.19-0.43 2 0.09 0.07-0.12
DX-age 6vs3 3 0.19 0.14-0.26 3 0.29 0.20-0.44 3 0.18 0.14-0.25
DX-age 9vs 3 3 0.12 0.08-0.16 3 0.22 0.13-0.35 3 0.10 0.07-0.14
DX-age 12 vs 3 3 0.10 0.07-0.13 3 0.23 0.15-0.34 3 0.07 0.05-0.10
DX-age 14 vs 3 3 0.10 0.07-0.13 3 0.26 0.18-0.38 3 0.06 0.05-0.08
DX-age 6vs 3 4 0.19 0.14-0.26 4 0.30 0.21-0.43 4 0.19 0.14-0.26
DX-age 9vs 3 4 0.11 0.08-0.15 4 0.22 0.14-0.34 4 0.10 0.07-0.14
DX-age 12 vs 3 4 0.09 0.07-0.12 4 0.23 0.15-0.33 4 0.07 0.05-0.09
DX-age 14 vs 3 4 0.08 0.06-0.11 4 0.25 0.18-0.36 4 0.05 0.04-0.07
DX-age 6vs 3 5 0.19 0.14-0.25 5 0.26 0.18-0.38 5 0.15 0.11-0.20
DX-age 9vs 3 5 0.10 0.08-0.14 5 0.18 0.12-0.28 5 0.08 0.05-0.10
DX-age 12 vs 3 5 0.08 0.06-0.10 5 0.18 0.12-0.26 5 0.05 0.04-0.06
X-age 14 vs 3 5 0.07 0.05-0.09 5 0.19 0.14-0.27 5 0.04 0.03-0.05
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