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Objective: This retrospective study assessed
the cost of illness and medical and psychiatric
comorbidities in adults with attention-deficit/
hyperactivity disorder (ADHD) compared with
adults without ADHD (matched 1:3) and adults
with depression (1:1). Individuals with depression
were included as a benchmark against which
the burden of ADHD could be measured.

Method: Measures of health care and
employment-related costs were compared to generate
estimates of medical expenditures, workplace
absences, and comorbidities in adults with ADHD
(using ICD-9-CM codes) who were enrolled in
employer-sponsored health plans throughout 2006.
Individuals with ADHD (31,752) were matched
with 95,256 non-ADHD controls. The majority
of individuals with ADHD (n=29,965) were also
matched with an equal number of individuals with
a depression diagnosis (using ICD-9-CM codes).

Results: In this adult population with ADHD
enrolled in an employer-sponsored health plan,
medical and psychiatric comorbidities were the
primary drivers of health care utilization and cost. Of
note, depression was significantly prevalent among
those with ADHD compared to matched non-ADHD
controls (14% vs 3.2%; P<.0001). Subgroup analysis
demonstrated that ADHD patients with depression
had a significantly higher number of medical and other
psychiatric comorbid illnesses including diabetes,
hypertension, asthma, irritable bowel syndrome, bipolar
disorder, anxiety, alcohol abuse, and substance abuse
compared to those with ADHD alone (P<.0001).
Patients with ADHD incurred higher total annual
health care expenditures than control subjects ($4,306
vs $2,418); approximately 15% of costs were paid
by the patient. The total annual costs associated
with productivity losses were also higher (driven by
differences in short-term disability costs) in the ADHD
group compared with controls ($4,403 vs $4,209).

Conclusions: Medical and psychiatric comorbidities
were primary drivers of the direct health care cost
associated with ADHD in adult patients. The present
study demonstrated that the total costs of ADHD
among adults are doubled when indirect costs associated
with workplace productivity losses are included.
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A ttention-deficit/hyperactivity disorder (ADHD)
is a neurobehavioral condition characterized
by core symptoms of inattentiveness, hyperactivity,
and impulsivity that can manifest as disruptions in
the academic, social, and home settings.! Although
once considered to be a childhood disorder, there is
a growing recognition of the persistence of ADHD
into adulthood and the need for treatment.?~!0
The 12-month prevalence of adults with ADHD in
the United States has been estimated to be 4.4%,'!
making it one of the most common psychiatric
disorders of adulthood. A recent meta-analysis of
studies of ADHD among adults from a number of
countries reported a pooled prevalence of 2.5%.'2

In the workplace, ADHD places a potentially large
economic burden on employers, who incur direct
and indirect health care costs associated with ADHD
and comorbid illnesses, resulting in significant loss in
productivity.'*!* Accordingly, a 2006 study estimated
the loss of ADHD-related economic productivity to be
between $67 billion and $116 billion.!* In comparison,
the economic burden of asthma has been estimated
to be $20 billion.!® In a 2005 study of ADHD in an
employed population,'® individuals with ADHD had
more comorbidities (including anxiety, bipolar disorder,
depression, drug or alcohol abuse, antisocial disorder,
and oppositional defiant disorder), lost more work time,
and utilized more health care resources than those who
sought professional care for other medical problems. The
same study showed that total medical costs for adults
with ADHD were almost twice those of individuals
without ADHD ($5,651 vs $2,771, respectively). Another
study showed that each year employees with ADHD
have a mean excess of 8.4 days of absence from work,
21.7 days with reduced work quantity, and 13.6 days
with reduced work quality compared with employees
without the condition.!” These workplace-related
performance issues associated with ADHD accounted
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CLINICAL PoINTS

¢ In adults with attention-deficit/hyperactivity disorder (ADHD), medical and psychiatric
comorbidities are the primary drivers of health care utilization and cost. Specifically,
depression, anxiety, asthma, and bipolar disorder are more highly prevalent in ADHD

patients than in those without the illness.

¢ Total costs of ADHD are doubled when indirect costs of lost productivity are considered.

¢ Current evidence of the greater costs and clinical burden of ADHD is important to

insurers and policy makers.

for an estimated 143.8 million days of lost productivity
in the 10 countries studied.!” In the United States in
2000, work loss accounted for 12% of the estimated $31.6
billion cost of adults with ADHD or $3.7 billion.'®

The objective of this study was to determine the
burden of adults with ADHD in an employed population
by measuring the prevalence of comorbidities and the
cost of illness associated with health care utilization
and workplace productivity loss comparisons in
2 groups (non-ADHD control and depression).
To compare the health care utilization and annual
cost of ADHD, the present study used depression
as a benchmark, as depression is one of the most
prevalent psychiatric conditions. It is a leading
cause of social and economic burdens, costing an
estimated $26.1 billion annually in medical care
and up to $51.5 billion in lost productivity.!**

METHOD

Data Source

This was a retrospective analysis of health care claims
and employer-reported productivity data for calendar
year 2006 taken from the MarketScan Commercial
Claims and Encounters (commercial) and the Health
and Productivity Management (HPM) databases. The
commercial database contained inpatient, outpatient,
and outpatient prescription details of employees and
their dependents from more than 100 self-insured large
employers located throughout all 50 states. However,
members from the North Central and South census
regions were overrepresented compared to the US Census
2000 population distribution data (36% vs 23% and
48% vs 36%, respectively), whereas the Northeast was
underrepresented (9% vs 19%). The number of adults
included in the commercial database was between 5.7
million and 9.6 million in each calendar year from 2002
to 2007. The HPM database contained workplace absence,
short-term disability, and worker’s compensation data for
a subset of individuals in the larger commercial database.
Confidentiality and anonymity of person-level data were
maintained in accordance with the guidelines of the
Health Insurance Portability and Accountability Act.
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Study Population

ADHD group. Adults 18 years of age or older on
November 30, 2006, meeting the following criteria were
included: have at least 1 evaluation and management
or psychiatry claim carrying a diagnosis of ADHD in
the period 2002 to 2007; at least 1 confirmatory ADHD
diagnosis within 12 months of the first diagnosis;
evidence of continuing treatment for ADHD in 2006,
if the initial diagnosis predated 2006; and continuous
enrollment in a health plan with pharmacy benefits
in 2006. A diagnosis of attention-deficit disorder was
defined as a claim carrying an International Classification
of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) code of 314.0, 314.00 (attention-deficit
disorder without mention of hyperactivity), or 314.01
(attention-deficit disorder with mention of hyperactivity).
One or more claims with an ADHD diagnosis or
drug claims for an ADHD-related medication were
regarded as evidence of continuing treatment.

Non-ADHD control group (comparator). Any adult
member in the commercial database with continuous
enrollment in a health plan in 2006 and with no claims
for a diagnosis of 314.0x in 2002-2007 met the inclusion
criteria. The control group was not limited to those who
utilized health care services in 2006 and thus included
patients with zero costs. Controls were matched 3:1 to
ADHD patients on the basis of gender, 5-year age bands
(based on age as of January 1, 2006), geographical region,
and the presence of capitated services in 2006. The control
to test group match ratio was optimized to 3:1 to yield
increased statistical power relative to a 1:1 match.!

Depression group (comparator). A similar
methodology to the selection of the ADHD sample was
adopted to identify members with depression. Briefly,
adult members with no claims for ADHD but evidence
of depression on the basis of ICD-9-CM codes 296.2x
(major depressive disorder, single episode), 296.3x
(major depressive disorder, recurrent episode), 300.4
(neurotic depression, dysthymic disorder), or 311
(depressive disorder, not otherwise classified) with at least
1 additional claim for confirmatory diagnosis within 12
months were identified from the commercial database.
The depression group was matched 1:1 to the ADHD
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sample on the basis of gender, 5-year age bands, region,
and the presence of capitated services in 2006. Patients
with ADHD who could not be matched to the depression
group were not included in the comparative analysis.
Individuals with capitated services were excluded
from expenditure analyses because records for health
care services under capitated plans usually exclude
cost data. Nevertheless, matching on capitated services
allowed matched samples to remain intact after
individuals with capitated services were dropped. In the
HPM database, individuals were matched by employer
between cohorts when possible in an attempt to ensure
that matches had similar paid time-off benefits. If
no match could be made by employer, individuals
were matched on the availability of data on absences,
short-term disability, and worker’s compensation.

Variables

Comorbid burden. The comorbid burden was assessed
using individuals’ scores on the Charlson Comorbidity
Index (CCI).* This measure assigns a weight from 1
(least severe) to 6 (most severe) to 17 medical conditions;
the only conditions given a weighting of 6 were
metastatic solid tumor and human immunodeficiency
virus. A summed score (0 to 33) was then assigned to
each individual as a composite indicator of comorbid
burden on the basis of the presence of these diagnoses.
Comorbid burden was also assessed independently by the
presence of at least 1 nondiagnostic claim during 2006
for each of the following specific medical and psychiatric
comorbidities that were considered to be of interest
due to their association with ADHD in the literature:
obesity, diabetes, hypothyroidism, hypertension, other
cardiovascular disease, asthma, enuresis, irritable bowel
syndrome, injuries, insomnia, depression, bipolar disorder,
anxiety, social phobia, antisocial disorder, oppositional
defiant disorder, obsessive-compulsive disorder, alcohol
abuse, substance abuse, and eating disorders.!®

Health care utilization and expenditure analyses.
The annual direct health care costs incurred were
assessed by the utilization and expenditure data,
which were categorized by type of service (inpatient,
emergency department visit, outpatient visit, other
outpatient services, and outpatient prescriptions) and
diagnosis (psychiatric and nonpsychiatric). Health care
expenditures (total, psychiatric, and nonpsychiatric)
were calculated as the sum of the costs paid by the
individual (patient responsibility portion) and the
health plan (health plan portion) in 2006 US dollars.

Productivity measures. To assess the indirect costs
of ADHD, workplace productivity loss was compared
between the ADHD and comparator groups. The
measures that were used were absences (the number of
days of absence and associated cost estimated using the
US Bureau of Labor Statistics Current Population Survey
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data for the same age, gender, and region), short-term
disability (number of days and associated cost, calculated
as 70% of the costs from the US Bureau of Labor Statistics
data), and workers’ compensation (number of claims

and associated cost taken from information provided by
the employer). The 70% value used to calculate short-
term disability costs approximates the proportion of

total wages and benefits paid by employers in the HPM
database, as reported in previous studies on the basis of
the MarketScan databases.”*** Each productivity measure
was evaluated separately, as not all employers reported

all 3 types of data. Costs resulting from lost productivity
were compared between matched groups (ie, ADHD

vs non-ADHD controls and ADHD vs depression).

Statistical Analysis

Descriptive statistics were used to compare the
2 pairs of matched groups (ADHD vs non-ADHD
controls, ADHD vs depression). Chi-square tests were
used to test significance for categorical variables, and ¢
tests were used for continuous variables. P values less
than .05 were considered statistically significant.

Multivariate analyses of expenditure were conducted
to control for treatment differences within the ADHD
sample and differences between the ADHD and non-
ADHD control or depression samples that remained
after matching. The cost models estimated the burden
of ADHD in terms of health care expenditures and costs
related to productivity loss (absenteeism, short-term
disability, and worker’s compensation) using individuals’
demographic variables and comorbidity as independent
variables. General linear models, which are commonly
employed when analyzing skewed data like health care
costs, were run for each cost model using the y distribution
function and log link. The Park test was used to check
the selection of variance and link functions.>>?¢

RESULTS

Between 2002 and 2007, the commercial database
contained 342,284 individuals with at least 1 ADHD claim,
including 150,936 adults. Of this sample population, 31,752
adults met the inclusion criteria for the ADHD group.
These individuals were matched in a 1:3 ratio with non-
ADHD controls (n=95,256), and 29,965 were matched
to an equal number of individuals with depression.
Depression matches could not be found for all of the
individuals with ADHD because the depression sample
yielded older individuals compared with the ADHD
sample. Spouses and dependents of employed members
constituted approximately 60% of the sample population.

Baseline Demographics

The proportion of males in the ADHD and non-
ADHD control groups was the same (55.0%), as was
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Table 1. Characteristics of Adults With and Without Attention-Deficit/Hyperactivity

Disorder (ADHD)

ADHD Non-ADHD ADHD Depression

Characteristic (n=31,752) (n=95,256) (n=29,965) (n=29,965)
Gender, n (%)

Male 17,468 (55.0) 52,404 (55.0) 15,682 (52.3) 15,682 (52.3)

Female 14,284 (45.0) 42,852 (45.0) 14,283 (47.7) 14,283 (47.7)
Age, mean (SD), y 32.1(13.2) 32.1(13.2) 32.8(13.3) 32.8 (13.3)
Age, median, y 27 27 29 29
Age group, n (%), y

<18 317 (1.0) 1,063 (1.1) 317 (1.1) 1,063 (3.5)*

18-24 14,025 (44.2) 42,074 (44.2) 12,240 (40.8) 11,489 (38.3)*

25-34 4,715 (14.8) 14,145 (14.8) 4,713 (15.7) 4,718 (15.7)

35-44 5,516 (17.4) 16,548 (17.4) 5,516 (18.4)  5,515(18.4)

45-54 5,021 (15.8) 15,063 (15.8) 5021 (16.8) 5,022 (16.8)

55-64 2,158 (6.8) 6,363 (6.7) 2,158 (7.2) 2,158 (7.2)
Insurance plan type in 2006

>1 capitated services 3,197 (10.1) 7,833 (8.2)* 3,111 (10.4) 1,538 (5.1)*

0 capitated services 28,555 (89.9) 87,423 (91.8)* 26,854 (89.6) 28,427 (94.9)*
Employee status

Employee 11,926 (37.6) 38,709 (40.6)* 11,904 (39.7) 12,846 (42.9)*

Spouse/dependent 19,826 (62.4) 56,547 (59.4)* 18,061 (60.3) 17,119 (57.1)*

*P<.0001 relative to matched individuals with ADHD.

the proportion of males in the ADHD and depression
groups (52.3%; Table 1), due to matching. There was
no significant difference in mean age between the
ADHD and non-ADHD control groups, or between
the ADHD and depression groups (Table 1). In this
nationwide sample, the geographic distribution of
patients in the different groups (ADHD vs non-ADHD
control, ADHD vs depression) ranged from 11.0% to
12.6% in the Northeast, 27.3% to 32.8% in the North
Central region, 38.3% to 47.3% in the South, and
15.5% to 17.6% in the West on the basis of known/
nonmissing data, thus reflecting the overall regional
population distribution of the commercial database.

Comorbidities

The mean CCI scores were low in all cohorts;
however, the scores were significantly lower in the
ADHD group than in the non-ADHD control group
(0.15 vs 0.18, respectively; P<.0001), although the
absolute difference between these groups was very small
and not considered clinically relevant (data not shown).
Among the medical/physical comorbidities, 8 of the 11
conditions were more prevalent in the ADHD group than
in the non-ADHD control group (Figure 1A). Although
there were no significant differences between groups in
the proportion of individuals reporting hypertension or
other cardiovascular diseases, there were significantly
more individuals with diabetes in the non-ADHD
control group. By contrast, a number of psychiatric
conditions, including depression, bipolar disorder,
anxiety, alcohol abuse, and substance abuse, were more
prevalent in the ADHD group than in the non-ADHD
control group (Figure 1A). Of significance was the
high prevalence of depression in the ADHD group
compared with the non-ADHD control group (14.0% vs

3.2%; P<.0001). The next 2 most commonly observed

psychiatric comorbidities in the ADHD group, anxiety

and bipolar disorder, occurred at a rate 3 to 6 times

higher than in the non-ADHD control group (P<.0001).
Comparison of the ADHD group with the depression

comparator group showed that the mean CCI score

was significantly lower in the ADHD group than

in the depression group (0.16 vs 0.25, respectively;

P <.0001), although the absolute difference was

again very small (data not shown). Notably, physical

comorbidities such as injuries were more common

in the ADHD group (21.4 vs 20.5; P<.05), whereas

most medical comorbidities were significantly more

prevalent in the depression group (Figure 1B). Most

psychiatric comorbidities, including bipolar disorder,

anxiety, alcohol abuse, substance abuse, and eating

disorders, occurred in approximately twice as many

individuals in the depression group as in the ADHD

group (P<.0001; P<.05 for anxiety only; Figure 1B).

Subgroup Analysis of ADHD Group: Comorbidities
Because depression was prevalent in patients
with ADHD, a subgroup analysis was performed to
assess the impact of depression on the incidence of
medical and other psychiatric comorbidities that may
drive health care utilization and cost. The analysis
showed that ADHD patients with depression also had
significantly more medical comorbidities, including
obesity, diabetes, hypothyroidism, hypertension,
asthma, and irritable bowel syndrome, compared to
those individuals with ADHD alone (Table 2). Similarly,
a higher prevalence of psychiatric comorbidities
was evident in patients with ADHD and depression
than in those with ADHD alone. Notably, the extent
of medical and psychiatric comorbidities in ADHD
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Figure 1. Prevalence of Comorbidities in Attention-Deficit/Hyperactivity Disorder (ADHD) and Comparator Groups
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patients with depression was comparable to those
patients in the depression comparator group (Table 2).

Health Care Utilization and Annual Total Cost
Psychiatric health care services. Compared with

non-ADHD controls, ADHD patients utilized more

psychiatric services and were approximately 3 times

more likely to have inpatient admissions or emergency

department visits, approximately 10 times more likely to

have outpatient visits or use other outpatient services, and
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approximately 5 times more likely to claim for outpatient

prescriptions (P <.0001 for all comparisons; Figure 2A).
Compared with individuals in the depression

comparator group, those with ADHD were 3 times

less likely to have psychiatric inpatient admissions and

emergency department visits (P <.001; Figure 2B).

However, psychiatric outpatient visits and prescriptions

were more common in the ADHD group than in

those with depression (44.5% vs 26.2% and 94.0% vs

84.6%, respectively; P<.001 for both comparisons).
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Table 2. Analysis of Comorbidities in Individuals With Attention-Deficit/
Hyperactivity Disorder (ADHD) and Depression Compared With the Depression-

Only Group?
ADHD Without ADHD With Depression
Depression Depression Group
Variable (n=25,669) (n=4,296) (n=29,965)
Comorbidities, n (%)
Obesity 193 (0.8) 77 (1.8)%** 327 (1.1)%%*
Diabetes 534 (2.1) 165 (3.8)%** 1,176 (3.9)%*
Hypothyroidism 518 (2.0) 156 (3.6) *** 750 (2.5)%**
Hypercholesterolemia 435 (1.7) 85 (2.0) 634 (2.1)**
Hypertension 1,754 (6.8) 477 (11.1)%** 2,927 (9.8)***
Other cardiovascular disease 238 (0.9) 50 (1.2) 479 (1.6)**%*
Asthma 1,006 (3.9) 246 (5.7)%** 1,271 (4.2)
Enuresis 49 (0.2) 10 (0.2) 73 (0.2)
Irritable bowel syndrome 212(0.8) 62 (1.4)%** 430 (1.4)%***
Injuries 5,280 (20.6) 1,119 (26.1)%**%* 6,137 (20.5)
Insomnia 76 (0.3) 16 (0.4) 86 (0.3)
Psychiatric comorbidities, n (%)
Depression 0 4,296 (100)*** 18,263 (61.0)***
Bipolar disorder 728 (2.8) 415 (9.7)%%* 1,870 (6.2)**
Anxiety 1,613 (6.3) 689 (16.0)%*** 3,523 (11.8)%**
Social phobia 68 (0.3) 29 (0.7)%*%*%* 145 (0.5)%***
Oppositional defiant disorder 54(0.2) 21 (0.5)%** 32 (0.1)*
Obsessive-compulsive disorder 2 (0.0) 10 (0.2)%**%* 27 (0.1)**%*
Alcohol abuse 245 (1.0) 115 (2.7)%** 792 (2.6)***
Substance abuse 269 (1.1) 150 (3.5)%**%* 859 (2.9)**%*
Eating disorders 48 (0.2) 31 (0.7)%** 215 (0.7)%**

2Only comorbidities affecting 10 or more individuals in a single cohort are shown.

*P<.01.
#EP<.001.

*#%P<.0001 relative to individuals with ADHD and no depression.

Nonpsychiatric health care services. Individuals
with ADHD were more likely to use most categories of
nonpsychiatric health care than non-ADHD controls
(P<.0001), with the exception of nonpsychiatric
inpatient admissions. The use of this service was
significantly higher among non-ADHD controls
(3.6% ADHD group vs 4.3% non-ADHD controls;
P<.0001; Figure 2A). Compared with individuals with
depression, individuals with ADHD were less likely
to use all of the nonpsychiatric health care services
categories examined in this study (P <.001; Figure 2B).

Annual Health Care Costs

Total direct costs. Individuals with ADHD incurred
higher total health care expenditures than non-ADHD
controls; mean total expenditures were $4,306 and $2,418
(P<.001; Figure 3), with median values of $2,270 and
$606, respectively. The health plan-paid and patient-
paid portions for direct costs were higher in the ADHD
group (mean costs of $3,586 [median of $1,712] and
$720 [median of $480], respectively) than in the non-
ADHD control group ($2,058 [median of $395] and $360
[median of $193], respectively; P<.001 for the difference
between mean values; Figure 3). In comparisons between
ADHD and depression groups, however, the reverse
was observed; the ADHD group incurred significantly
lower direct costs (mean of $4,422 [median of $902]
vs $6,383 [median of $1,219]; P<.001; Figure 3).

e6) doi:10.4088/PCC.:10m01030
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Psychiatric health care expenditures. Individuals with
ADHD incurred higher total psychiatric health care
expenditures than non-ADHD controls. Total mean
psychiatric health care costs (annual) were $1,675 and
$183 (P<.001; Figure 4), with median values of $1,053
and $0, respectively. Although individuals with depression
had significantly higher mean psychiatric health care
expenditures than individuals with ADHD ($1,943 vs
$1,704; P<.001; Figure 4), median costs were lower than
in individuals with ADHD ($879 vs $1,075). The health
plan-paid and patient-paid portions for total psychiatric
and nonpsychiatric expenditures were also lower in the
ADHD group than in the depression group (plan-paid and
patient-paid mean costs for total psychiatric expenditure:
$1,359 and $345 vs $1,566 and $377 for ADHD vs
depression groups, respectively; for nonpsychiatric
expenditures: $2,327 and 391 vs $3,894 and 551 for
ADHD vs depression groups, respectively; Figure 4).

Nonpsychiatric health care expenditures.
Nonpsychiatric health care expenditures followed
similar trends to those observed for psychiatric health
care expenditures (Figure 4). Mean nonpsychiatric
costs for individuals with ADHD were $2,630 (median
of $857) compared with $2,235 (median of $544) for
non-ADHD controls (P<.001) and $2,718 (median of
$902) compared with $4,445 (median of $1,219) for
individuals with depression (P <.001; Figure 4). Of
note, mean nonpsychiatric expenditures accounted
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Figure 2. Utilization of Health Care Services in Attention-Deficit/Hyperactivity Disorder (ADHD) and Comparator Groups
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Figure 3. Annual Health Care (Direct, Indirect, and Total) Expenditures Associated
With Attention-Deficit/Hyperactivity Disorder (ADHD) and Comparator Groups

14,000 M Direct Costs
@ Indirect Costs
12,0004 O Total Costs 12,074
210,000+
% 8,709 8,836
5 8,000
g 6627 6,383
& 6000+ 5,691
& 4,306,4,403 4,209 4,422 4,414
< 4,000+
2,418%
2,000
O_ ]
ADHD? Non-ADHD ADHDP Depression
(n=31,752) (n =95,256) (n =29,965) (n = 29,965)

PrimCare,CompaniomCNS Disord 2011;13(2)

2ADHD patients matched 1:3 with non-ADHD control group.
YADHD patients matched 1:1 with depression group.
*P<.001 compared with ADHD direct costs.
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Figure 4. Comparison of Health Plan Coverage and Patient Copayment for
Total Psychiatric and Nonpsychiatric Services
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Abbreviation: ADHD = attention-deficit/hyperactivity disorder.

for a larger proportion of total expenditure among
individuals with depression ($4,445/$6,388; 70%) than
among those with ADHD ($2,718/$4,422; 61%).
Multivariate analysis. Multivariate analysis
confirmed that individuals with ADHD incurred
higher annual health care expenditures than non-
ADHD controls (general linear model coefficient=0.57;
standard error=0.03; P<.01). Although the rates of
comorbidities were generally low overall, multivariate
analysis revealed that each of the comorbidities
examined was associated with higher health care
expenditures in individuals with ADHD compared
with non-ADHD controls (P <.05), with the exception
of asthma and insomnia (P = not significant).
Individuals with ADHD incurred lower expenditures
than individuals with depression (general linear model
coefficient=0.05; standard error=0.02; P <.05).
The prevalence of comorbidities was higher in the
depression group than in the ADHD group, which
may contribute to the higher expenditures observed in
the depression group relative to the ADHD group.
Productivity loss and associated (indirect) annual
costs. In the ADHD versus non-ADHD control
comparison, total annual costs associated with
productivity losses (absences, short-term disability leave,
and worker’s compensation claims) were $4,403 and
$4,209. In the ADHD versus depression comparison, these
costs were $4,414 and $5,691, respectively (Figure 3).
There were no significant differences between the
ADHD and non-ADHD control groups in terms of
the proportion of individuals with absence days (and
related costs) or in the likelihood of incurring a worker’s
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compensation claim (and related costs) (Table 3).
However, compared with non-ADHD controls, more
individuals with ADHD were out on short-term disability
(10.8% vs 7.6% of individuals; P<.0001). Individuals with
ADHD also had approximately 50% longer mean + SD
periods of short-term disability (6.8 0.6 days vs 4.1+0.3
days; P<.0001) and incurred higher mean short-term
disability-related costs ($743 vs $424; P <.0001; Table 3).
Both ADHD and depression groups were not
significantly different in terms of workplace absence
and associated indirect costs, or in the likelihood of
having a worker’s compensation claim, although mean
worker’s compensation costs were significantly lower
in the ADHD group ($357 vs $845; P <.05; Table 3).
Individuals with ADHD were approximately 60% less
likely to report short-term disability and incurred
approximately 73% lower costs related to short-term
disability than individuals with depression (10.8% vs
17.7%; $743 vs $1,310; P<.0001 for both; Table 3).

Subgroup Analysis: Productivity Loss

Patients with ADHD and depression were more
likely to incur productivity loss from short-term
disability compared to those patients with ADHD or
depression alone. Accordingly, costs associated with
short-term disability in individuals with ADHD and
depression were approximately 3 times higher than
in individuals with ADHD alone ($1,748 vs $574,
respectively; P=.0000) but not significantly different
from those in the depression comparator group
($1,748 vs $1,310, respectively; P=.0934). There was
no significant difference among ADHD, depression,
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Table 3. Productivity Loss and Associated Costs

Variable ADHD Non-ADHD ADHD Depression
Absences, no.*? 629 1,887 625 625
Individuals with any absence days, n (%) 517 (82.2) 1,554 (82.4) 514 (82.2) 509 (81.4)
Number of days, mean (SEM)“ 20.3(0.7) 20.4 (0.4) 20.3 (0.7) 21.2 (0.8)
Associated cost, mean (SEM)°© $3,304 ($132) $3,404 ($92) $3,313 ($133) $3,536 ($168)
Short-term disability n=2,402 n=7,206 n=2,400 n=2,400
Individuals with any short-term disability days, n (%) 260 (10.8) 547 (7.6)** 260 (10.8) 424 (17.7)%*
Number of days, mean (SEM)“ 6.8 (0.6) 4.1 (0.3)** 6.8 (0.6) 11.9 (0.8)**
Associated cost, mean (SEM)°© $743 ($67) $424 ($30)** $743 ($67) $1,310 ($92)**
Worker’s compensation n=1,555 n=4,665 n=1,552 n=1,552
Individuals with any worker’s compensation claims, n (%) 102 (6.6) 314 (6.7) 102 (6.6) 129 (8.3)
Number of claims, mean (SEM)© 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0)
Associated cost, mean (SEM)°© $356 ($79) $380 ($79) $357 ($79) $845 ($227)*
Total costs $4,403 $4,208 $4,413 $5,691

aNot all individuals had data for all types of productivity (ie, absences, short-term disability, worker’s compensation).
"Includes all types of work absences, including paid holidays, vacations, and sick days because some employers did not differentiate between these types

of absence.

“Mean across all individuals with data, including those with no absences/claims.

*P<.05.
#*P<.0001 relative to matched ADHD controls.
Abbreviation: SEM = standard error of the mean.

and ADHD with depression cohorts in the proportion

of individuals with worker’s compensation claims
or costs associated with worker’s compensation.

DISCUSSION

This study demonstrated that adults with

ADHD have more medical/physical and psychiatric

comorbidities than matched non-ADHD controls

and incur higher health care utilization and cost. The
comorbidities with the largest significant differences
between ADHD and non-ADHD controls included

depression, anxiety, asthma, and bipolar disorder.

In a survey of adults with mental health and substance
abuse disorders treated in community hospitals in the
United States in 2004,%” more than 90% of individuals
with ADHD presented with an additional mental health
and substance abuse disorder compared with 71% of
those with depressive disorders. It should be noted that
alcohol/substance abuse rates were very low (<5%)
in the present study, but many of the comorbidities

examined were reported by more individuals with

depression than by those with ADHD. The only 2

comorbidities that were reported by more individuals
with ADHD than individuals with depression were
injuries and oppositional defiant disorder. Oppositional
defiant disorder is one of the most frequent psychiatric
comorbidities in children with ADHD,?® and although
it was significantly more common among individuals

with ADHD than among those with depression
in this study, the number of individuals with this

comorbidity was very small, probably due to their age.
After controlling for differences between groups,

individuals with ADHD had higher health care

expenditures than non-ADHD controls. These findings
are broadly consistent with studies based on previous
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data.*? Our results can also be compared with those
from an earlier study that estimated the 6-month cost
of treating ADHD in adults to be between $2,000 and
$2,500.%° However, there are a number of differences
that should be considered when comparing cost data.
Although both studies were based on claims data,
the present study included both direct and indirect
(productivity-related) costs based on total billed charges;
in contrast, the Wu et al** study included only direct costs
paid by the health plan, excluding patient copayments
and deductibles. Furthermore, the MarketScan data
presented here were drawn from 2002 to 2007 (with a
focus on 2006) and were based on prescriptions for any
ADHD medications, while the study by Wu et al** was
based on data from 1999 to 2004 and looked specifically
at osmotic-release oral system methylphenidate, mixed
amphetamine salts extended release, and atomoxetine.
Despite these differences, the study by Wu et al*°
still provides an interesting benchmark for the present
analysis. To compare the 2 studies, the direct costs of
ADHD treatment in our study could be recalculated

to more closely mimic those reported by Wu et a

130

(ie, costs for 6 months of therapy rather than 1 year
and including only costs paid by health plans, rather
than those paid by the health plans and the patient).
Despite the methodological differences between
studies, the approximate mean 6-month direct costs
paid by the health plan in the present study ($1,793
for the adults with ADHD who were compared with
non-ADHD controls; $1,843 for those compared
with individuals with depression) are broadly similar
to those reported by Wu et al*” ($2,008 to $2,540,
dependent on the ADHD medication prescribed).
Our study adds important information to the results
reported by Wu et al.** Most significantly, the present
study shows the total costs of ADHD in adults are
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doubled when indirect costs (those associated with
productivity losses) are included. Mean direct treatment
costs were $4,306 and $4,422 in the ADHD cohorts
included in our study, while mean indirect costs were
$4,403 and $4,414. Our study also shows that patient
copayments add considerably to the costs paid by the
health plan, accounting for approximately 15% of the
total direct health care expenditure for individuals
with ADHD ($720 from a total cost of $4,306). For
payers trying to calculate the total economic burden
of ADHD in adults, it is important that indirect costs
and patient copayments are included. In the present
study, the total annual cost of ADHD was over $8,500
(83,586 direct costs paid by the health plan, $720
direct costs paid by the patient, and $4,403 in indirect
costs), which is approximately double the direct costs
paid by the health plan, as reported previously.

In addition to the direct (treatment) and indirect
(productivity) costs for adults with ADHD, there is
evidence that health care-related costs for relatives of
individuals with the disorder are also increased. More
recently, Kleinman et al*! have reported health benefit

costs and absenteeism data for employees with ADHD and

for employees with children with the disorder. Compared
with individuals without ADHD, those with ADHD had
significantly higher annual health benefit costs ($6,885 vs
$4,242; P<.0001) and significantly more days of health-
related absence (8.9 vs 7.2 days per year; P=.0044).%!
Absence days in the present study were considerably
higher than those reported by Kleinman et al,?! and there
was no significant difference between the ADHD and
non-ADHD control groups (>20 days in each group).
This difference between the studies was probably due to
the definition of absences. While Kleinman et al*! used
only health-related absences, the present study grouped
all absences (including paid holidays, vacations, and
sick leave) because some employers in the database did
not differentiate between the different types of absence.
Absences specifically due to ill health were captured in
the short-term disability data in the present study, which
indicated significantly more (approximately 50%) days
of lost productivity for employees with ADHD than
among those without the disorder, which is consistent
with the absence data reported by Kleinman et al.*!

Data from 2000 indicated the total economic burden
of depression in the United States to be more than
$83 billion, with 43.6% of this due to absenteeism,
18.4% to presenteeism, and 12.5% to pharmaceutical
costs.*? It is not possible to directly compare these cost
estimates with the costs reported in the present analysis,
which were based on a subset of all individuals with
depression in the MarketScan databases (selected on the
basis of matched characteristics with individuals with
ADHD). Nevertheless, it is interesting to note the broad
similarity between the economic burden associated with
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depression in the present study with the estimates of
between $4,590 and $10,516 based on national data.

In the present study, the total mean annual cost
burden (calculated as the sum of direct and indirect
costs) was approximately 37% higher for individuals
with depression than for those with ADHD. It should be
noted that there was a larger difference for direct costs
(depression costs were 44% higher than ADHD costs)
than for indirect costs (depression costs were 29% higher
than ADHD costs). As indirect and direct costs did not
contribute equally to the difference in total costs between
the ADHD and depression groups, it is important that
both direct and indirect costs are considered when
assessing the total economic burden of these disorders.
Furthermore, indirect costs accounted for a slightly
higher proportion of total costs for individuals with
ADHD (50%) than for those with depression (47%),
suggesting that it is particularly important to include
indirect costs when assessing the total cost of ADHD.

One of the strengths of the present study was the
reduction in bias in individual selection. In many ADHD
studies, individuals are commonly referred from tertiary
referral centers.!? Inclusion of these individuals may
introduce bias, as they may be more difficult to treat.
Individuals in the present study were not clinically
referred but were drawn from a population with access
to employer-sponsored health insurance and may
therefore be more representative of the larger population
overall, and certainly more representative of the working
population. Interestingly, the male:female ratio in the
present study was almost 1:1, while previous research
based on clinical data!! has shown that adult ADHD is
significantly more prevalent among men than women. It is
not possible to determine whether the high proportion of
women in the present study is due to the help seeking or
recognition bias, which has been reported previously.!!-**

Limitations

It is important to note that the present study has a
number of limitations. First, the severity of the symptoms
of ADHD, and the personal and social impairments
that they cause, varies among individuals.** The degree
to which symptom severity impacted the variables
examined in the present study was not examined, so
this may have confounded our results. Second, although
workplace absences were recorded in this study, costs
incurred as a result of underperformance at work
(presenteeism) due to ADHD were not measured.
Previous research has shown that underperformance
at work led to more days of lost productivity than
workplace absences in adults with ADHD (21.6 days/
year vs 13.6 days/year),'? so productivity losses reported
here are probably underestimates. Third, ADHD is
associated with decreased occupational stability and job
termination,*** and only 34% of adults with ADHD
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were employed versus 59% of adults without ADHD in 1
study (P<.001)."* Adults with ADHD were included in
the present study because either they or a family member
had employer-sponsored health insurance. Employment
data for the individuals who were included because a
family member had insurance (> 60% of the total number
of individuals with ADHD) were not recorded, so it is
not possible to calculate the proportion of individuals
in the database who were employed or unemployed.
To generalize our findings to the larger population of
adults with ADHD, studies of unemployed adults with
ADHD using the variables in this study are needed. Until
then, the findings presented here may not be reliably
extrapolated to the population of adults with ADHD.
Fourth, employment termination rates have been
shown to be significantly higher among adults with
ADHD than among those without the disorder (9.0% vs
5.3% in a 12- to 18-month period; P=.0003).>! Individuals
in the present study were required to have continuous
enrollment in an employer-sponsored health plan
throughout 2006, so many individuals whose employment
was terminated during the study period would have
been excluded from the analysis. Fifth, individuals who
sought medical attention for ADHD may have been
more likely to be diagnosed with or treated for another
medical condition compared with individuals who did
not seek medical attention, thus introducing a selection
bias. Sixth, the geographic distribution of individuals in
the MarketScan database was not identical to national
census data. Although this means that the database was
not completely representative of the general population,
the large sample size and broad geographical coverage
are still important characteristics of the database.
Seventh, previous research has indicated that parents
of children with ADHD have significantly increased
health benefit costs, health-related absence days, and
employment termination rates compared with parents
whose children are not affected by the disorder.*! The
present study included employees and their dependents
with access to employer-sponsored health plans but did
not include children or attempt to distinguish between
parents with children affected by ADHD and those whose
children did not have ADHD. Finally, the inclusion
criterion on employment is likely to contribute to an
underestimate of the true economic burden of ADHD.

CONCLUSIONS

This large-scale study provides further information
on the clinical and economic burden of ADHD in
adults and shows that individuals with ADHD have
more comorbidities, greater health care utilization, and
greater health care expenditures than those without
ADHD. This study also shows that adults with ADHD
had fewer comorbidities and reduced health care
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utilization and expenditures compared with adults
with depression. However, indirect costs accounted

for a slightly higher proportion of total costs for adults
with ADHD than for those with depression, suggesting
that ADHD has a particularly significant impact in

the workplace. Given the potentially large incremental
costs and clinical burden associated with ADHD, the
findings in this study have significant implications for
insurers and policy decision makers who must make
cost-effective choices for health plan enrollees.

Drug names: atomoxetine (Strattera), methylphenidate (Focalin,
Daytrana, and others).
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