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epression is a chronic, often disabling disease
with a 12-month prevalence among U.S. adults

Objective: To assess the impact of comorbid
attention deficit disorder (ADD) on the direct
medical costs of treating adults with depression
in a mixed-model health maintenance
organization.

Method: Annual mean and marginal health
care costs were calculated for adults who were
continuously enrolled at Group Health Coopera-
tive during 2001 and who were diagnosed with
depression, ADD, or both ADD and depression
according to ICD-9-CM criteria during 2001.

Results: Of 249,874 adults continuously
enrolled during 2001, 17,792 (7.1%) were
diagnosed with depression, 1023 (0.4%) were
diagnosed with ADD, and 454 (0.2%) were diag-
nosed with both depression and ADD. The mean
total annual cost for an adult with a diagnosis of
depression in 2001 exceeded that for the average
adult enrolled in Group Health by 109% ($6029
vs. $2880). Of the $6029 mean total annual cost
for treating an adult with a diagnosis of depres-
sion, $1872 (31%) was specifically attributable
to depression. The presence of comorbid ADD
resulted in ADD- and depression-attributed mar-
ginal costs approximately 29% higher than the
costs specifically attributed to depression alone
($2418 vs. $1872). In fact, among patients with
a diagnosis of ADD and depression, ADD- and
depression-attributed costs approached the mean
total cost of health care in the sample as a whole
($2880).

Conclusion: Depression is associated with
high direct medical costs. The marginal costs of
treating comorbid depression and ADD substan-
tially exceed those of treating depression alone.
These results underline the importance of consid-
ering the costs of comorbidities in estimating the
economic burden of depression and developing
cost-effective disease-management strategies.

(J Clin Psychiatry 2007;68:248–253)
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of 6.6%, or 14 million people.1 Given its prevalence,
functional impact, and correspondingly high rates of
use of medical, psychiatric, and pharmacologic care, de-
pression is among the most costly illnesses from the
payer’s perspective.2 In a recent study, mean yearly direct
costs of depression in a Medicaid population comprising
284,060 patients were higher than those for other common
chronic illnesses including cardiovascular disease, con-
gestive heart failure, diabetes, acid peptic illness, asthma/
respiratory illness, hypertension, and anxiety.3

While the substantial economic burden of depression is
clear, current estimates of the direct cost of depression are
insufficiently comprehensive and accurate to assist payers
and providers in optimizing allocation of depression-
related health care resources. The failure to account for
the impact of a range of psychiatric and medical comor-
bidities, which are common in patients with depression,4,5

has been identified as one impediment to the accurate esti-
mation of depression-associated direct costs.2,6 The pres-
ence of a chronic comorbid condition can impact the
needs and prognosis of the patient with depression, the
choice of treatment, and, consequently, the cost of medi-
cal care.6,7

Attention-deficit/hyperactivity disorder (ADHD), a
condition that appears to have some neurochemical simi-
larities with depression, is commonly comorbid with
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depression in children, adolescents, and adults.8–11 In one
series of studies, the lifetime prevalence of severe depres-
sion among children with ADHD (N = 280) was 15% in
females and 29% in males compared with 1% to 2% of
males and females without ADHD.8,12 Depression was also
frequently comorbid with ADHD in adults, among whom
the lifetime prevalence of severe depression was 36% in
females and 27% in males with ADHD (N = 128) com-
pared with 4% to 6% among males and females without
ADHD.8,13 The total direct excess cost of ADHD in the
United States in 2000 was estimated at $31.6 billion.14 Be-
cause the costs of depression and ADHD in the United
States are so high and the disorders are highly comorbid,
quantification of the impact of ADHD on the costs of treat-
ing patients with depression may be valuable in under-
standing the potential impact of intervention. The current
study was undertaken to assess the impact of attention
deficit disorder (ADD) on the direct medical costs of treat-
ing adults with depression among patients receiving care
within a mixed-model health maintenance organization.

METHOD

Setting
This retrospective cross-sectional study was conducted

at Group Health Cooperative, a nonprofit integrated
health care system that provides both medical coverage
and health care.15 The second-largest consumer-governed
health care organization in the United States, Group
Health Cooperative and its wholly owned subsidiary,
Group Health Options, Inc., offer health plans covering
approximately 540,000 residents in Washington state and
northern Idaho. More than 70% of members receive out-
patient health care in Group Health–owned medical facili-
ties. Group Health Cooperative is staffed by more than 600
physicians providing health care services through primary
care clinics, specialty centers, and hospitals and also has
contractual relationships with external health care profes-
sionals and facilities.

Sample
The sample comprised adults (aged ≥ 18 years as of

January 2001) who were continuously enrolled at Group
Health Cooperative during 2001. For a patient to be con-
sidered to have treated depression or ADD, a physician
had to have recorded an International Classification of
Disease-9th Revision-Clinical Modification (ICD-9-CM)
diagnosis of depression (codes 296.20–296.26, 296.30–
296.36, 311) or ADD (code 314, entire series), respec-
tively, for that patient on at least 1 inpatient or outpatient
encounter during 2001. This approach replicates methods
that have been used in previous studies in this population
to establish treated prevalence for a variety of chronic
conditions6 and represents the perspective of a managed
care plan.

Data Sources
Diagnostic information was obtained from adminis-

trative databases maintained by Group Health Cooper-
ative. These databases include every diagnosis made
at inpatient and outpatient health care encounters regard-
less of whether or not patients are seen at a Group Health
Cooperative–owned facility or by a Group Health Coop-
erative physician. These data are a key component of
Group Health Cooperative’s clinical improvement efforts
and have been validated in a variety of research and clini-
cal applications.16–20

Information on health care cost was obtained from
Group Health Cooperative’s electronic information sys-
tem, which since January 1990 has captured and allocated
health care costs for all services provided by Group
Health physicians or at Group Health facilities as well as
claims for covered services that enrollees receive from
contracted providers or facilities. The cost-allocation sys-
tem allows both the determination of costs of specific
encounters and services and the aggregation of costs
for individuals over time. In allocating costs to each ser-
vice, procedure, pharmacy fill, or diagnostic test directly
related to the delivery of health services, some costs are
recorded as unweighted acquisition charges from suppli-
ers, whereas other costs are assigned a resource intensity
weight that is unique to each cost center in the delivery
system. Any plan margin is included in cost allocation;
however, these revenues are redistributed into the deliv-
ery system as Group Health is organized as a nonprofit
consumer-governed cooperative. Costs that are excluded
from the allocation include those not directly related to
the delivery of health services (e.g., costs of insurance ad-
ministration, marketing costs) and patient out-of-pocket
costs. Group Health’s cost information system is used to
guide health plan resource allocation and has been used
extensively for research purposes.17–19

Services received from providers outside the Group
Health Cooperative group model constitute approxi-
mately 50% of inpatient admissions, 50% of specialty
visits, and 15% of ambulatory encounters involving
Group Health enrollees during a typical year. Group
Health Cooperative’s payments to those providers are
captured in the system and allocated to enrollees. These
payments, approximately 25% of total delivery system
costs in a typical year, reflect the financial liability that
Group Health Cooperative incurs in delivering health ser-
vices to its enrollees.

Estimation of Costs
Unlike many other studies based on managed care

claims data, the current analysis used the actual costs of
providing health care rather than charges. Annual mean
costs and marginal costs were calculated for 2001 for in-
dividuals with a diagnosis of depression only, ADD only,
and both ADD and depression during 2001. Mean costs
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reflect the average of all inpatient, outpatient, pharmacy,
laboratory, and radiology services provided within the
Group Health Cooperative delivery system or from con-
tracted providers to Group Health Cooperative enrollees.
Marginal costs reflect the resources specifically devoted
to managing a particular medical condition—in this case,
depression or ADD. All costs are reported in 2001 U.S.
dollars. Tests of difference in unadjusted costs among
groups were based on nonparametric analyses because of
the non-normal distribution of health care costs.

Marginal costs were determined as previously de-
scribed20 with a weighted least-squares regression analy-
sis to estimate the equation Costsi = f(agei, sexi, chronic
conditioni), which specifies that costs for the ith person are
a function of his or her age, sex, and chronic-condition
profile. The regression coefficients for a chronic condition
constitute the change in cost associated with a diagnosis
of that condition when other factors are held constant. To
assess the marginal cost of ADD among adults with de-
pression, we estimate an additional regression that is con-
ditional on adults first having a diagnosis of depression.
Therefore, the marginal costs of ADD for persons with
depression are based on a population-based regression
that identifies the marginal costs of depression and a sec-
ond regression that includes the experience only of adults
diagnosed with depression that identifies the marginal
cost of ADD within this set of adults.

The use of standard linear methods for estimating costs
was precluded because the high degree of skewness of
health care costs results in regression residuals that are not
identically and normally distributed. Instead, a method
that involves creating a weight from the residuals of an
ordinary least-squares regression to adjust for heteroske-
dastic error terms was used.21,22 This weighted least-
squares regression analysis provides unbiased regression
coefficients and asymptotically efficient standard errors.
In addition, use of the weighted least-squares regression
analysis permitted health care costs to remain in nominal
values. The use of nominal values eliminated the need to
apply a variance-stabilizing transformation to the depen-
dent variable and subsequently retransform regression re-
sults to obtain dollar values.

To adjust each individual’s cost profile, we include
a set of chronic conditions that previous research has
demonstrated significantly impacts health care costs on
a population basis. The specific set of conditions, and the
ICD-9 codes used to identify treated prevalence, are re-
ported in Table 1. We also adjust cost estimates for each
individual’s age and gender.

RESULTS

Sample
The number of adults continuously enrolled in Group

Health Cooperative during 2001 was 249,874 (Table 2).

Enrollees’ mean age was 49.5 (SD = 17.4) years. Slightly
more than half (55%) of enrollees were women.

Of the 249,874 adults continuously enrolled during
2001, 17,792 (7.1%) were diagnosed with depression,
1023 (0.4%) were diagnosed with ADD, and 454 (0.2%)
were diagnosed with both depression and ADD (Table 2).
The mean age of patients diagnosed with both depression
and ADD (40.3 years) was lower than that of the group
of all patients diagnosed with depression (50.0 years).
Women comprised a smaller proportion of the group diag-
nosed with both depression and ADD (56.6%) than the
group of all patients diagnosed with depression (70.9%).
Adults diagnosed with depression were significantly
(p < .05) older and adults diagnosed with ADD were sig-
nificantly (p < .01) younger than the entire adult popula-
tion, but the significant difference for adults diagnosed
with depression is due to the large sample size more than
a difference of policy relevance. Adults diagnosed with
depression were significantly (p < .01) more likely to be
female and adults diagnosed with ADD were significantly
(p < .05) more likely to be male than the entire adult
population.

Mean Costs
Mean total health care cost per patient per year

for 2001 for all continuously enrolled adults in Group
Health Cooperative was $2880 (SD = $7446). The com-
parative annual mean total cost was 109% higher ($6029;
SD = $13,388; p < .01) in the group diagnosed with de-
pression and 73% higher ($4979; SD = $5850; p < .01) in

Table 1. ICD-9-CM Codes Used to Determine Treated
Prevalence of Chronic Conditionsa

Chronic Condition ICD-9-CM Codes

Attention deficit disorder 314
Anxiety 293.84, 300.00, 300.02, 300.09
Back and neck pain 720, 721, 722, 723, 724, 847
Bipolar disorder 296.00, 296.01, 296.02, 296.03, 296.04,

296.05, 296.06, 296.40, 296.41, 296.42,
296.43, 296.44, 296.45, 296.46, 296.50,
296.51, 296.52, 296.53, 296.54, 296.55,
296.56, 296.60

Cardiovascular disease 402, 404, 410, 411, 413, 414, 786, 426,
427, 428, 429

Cerebrovascular disease 330, 331
Chronic obstructive 496

pulmonary disease
Depression 296.20, 296.21, 296.22, 296.23, 296.24,

296.25, 296.26, 296.30, 296.31, 296.32,
296.33, 296.34, 296.35, 296.36, 311

Diabetes 250
Hyperlipdemia 272
Hypertension 401
Irritable bowel syndrome 564
Migraine 346
Obesity 278
Panic disorder 300.01
Psychotic disorder 298
aA 3-digit code reflects that the entire series was used in the case

definition.
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the group diagnosed with both depression and ADD
(Table 2). Mean total health care costs per patient per
year diagnosed with ADD were 36% higher ($3928;
SD = $6332; p < .01) than those for the average Group
Health Cooperative adult enrollee. Mean costs for adults
diagnosed with both depression and ADD are lower than
that for all adults diagnosed with depression because the
lower mean costs for adults diagnosed with ADD results
in reduced overall means for the group diagnosed with
both conditions (based on nonparametric analyses).

Marginal Costs
The marginal cost associated with a depression diag-

nosis holding age, gender, and chronic condition profile
constant per patient per year for treating depression was
$1872 (p < .01). The marginal cost per patient per year of
treating ADD among adults treated with depression de-
rived from the conditional regression was $546 (p < .01).
Therefore, the marginal cost of treating adults diagnosed
with depression and ADD is the sum of the marginal costs
of treating depression and the marginal cost of treating
ADD among adults with depression or $2418.

DISCUSSION

The results of this study involving approximately
250,000 adults continuously enrolled in Group Health
Cooperative during 2001 confirm previous results dem-
onstrating that depression is associated with high direct
medical costs. However, this study further documents that
the incremental costs of treating comorbid depression and
ADD substantially exceed those of treating depression
alone. The mean total annual cost for an adult with a diag-
nosis of depression in 2001 was more than double that
of the average adult enrolled in Group Health ($6029
vs. $2880). Of the $6029 mean total annual cost for treat-
ing an adult with a diagnosis of depression, $1872 (31%)
was specifically attributable to depression. The presence
of comorbid ADD resulted in ADD- and depression-
attributed costs that were approximately 29% higher than
the costs specifically attributed to depression alone
($2418 vs. $1872). In fact, among patients with a di-

agnosis of ADD and depression, ADD- and depression-
attributed health care costs approached the mean total cost
of health care in the general Group Health population
($2880). These data suggest that comorbid ADD substan-
tially increases the direct medical costs of patients with
depression and underscore the importance of considering
the costs of comorbidities in estimating the economic bur-
den of depression. Failure to recognize these combina-
tions of factors may reduce the effectiveness of any inter-
vention and misdirect cost-effective disease-management
strategies. Furthermore, analyses that examine the rela-
tive costs of interventions for depression and ADD will be
misspecified if the joint cost effect of these 2 illnesses is
not taken into consideration.

Insofar as the comorbidity between depression and
ADD arises from factors such as common pathophys-
iology and common risk factors, interventions that affect
common pathophysiologic features or measures that mod-
ify common risk factors have the potential to improve
both diseases and may have additive or synergistic clini-
cal and cost-saving benefits. The potential that medica-
tions used to treat one comorbidity may impact (improve
or worsen) comorbid illness should also be carefully con-
sidered. For example, overall medication costs for pa-
tients with comorbid depression and ADD could be re-
duced by using a treatment approach or medication that is
effective for depression and the symptoms of ADD.

A strength of this study is its representativeness re-
sulting from its large sample size and population-based
scope. Previous research suggests that the population of
patients enrolled at Group Health is representative of the
community with respect to age, sex, and race.16 Accurate
cost estimation, another strength of the study, was en-
hanced through the use of true costs that directly reflect
use of resources in the health care system rather than
charges to estimate costs or to reflect the financial impact.
Maximization of data capture by conducting the study in
an integrated health care delivery system also constitutes
a strength of this investigation.

The study should also be interpreted in the context of
its limitations. First, the sample, while generally represen-
tative of the communities served by Group Health, is not

Table 2. Characteristics of the Study Sample
Adults Adults  Adults With

Characteristic All Adults With Depression With ADD Depression and ADD

N 249,874 17,792 1023 454
All adults, % 100.0 7.1 0.4 0.2
Age, mean (SD), ya 49.5 (17.4) 50.0 (16.6) 38.5 (13.9) 40.3 (13.2)
Women, %a 55.0 70.9 48.3 56.6
Adults with at least 1 chronic condition, % 43.4 68.4b 70.2c 52.5b,c

Total health care costs, mean (SD)a $2880 (7446) $6029 (13,388) $3928 (6332) $4979 (5850)
aDifferences across groups significant at p < .01.
bExcludes depression.
cExcludes ADD.
Abbreviation: ADD = attention deficit disorder.
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representative of the entire United States. Those in the
highest and lowest income brackets are underrepresented
in the Group Health database, and Group Health enrollees
are slightly more educated than those in the community at
large. Also, while the results are probably generalizable
to health maintenance organizations that are structured
similarly to Group Health or deliver health care for these
illnesses in a similar way, they may not generalize to all
health care delivery organizations. Possibly, as care for
depression in this well-studied system has been opti-
mized, costs in another system could be higher.

Second, several factors may have contributed to under-
estimation of the costs of treating ADD and/or depression.
Enrollees were considered to have treated ADD and/or
depression only if a diagnosis for them was recorded
during 2001. Patients in the database with ADD and/or
depression who received a diagnosis prior to 2001 but not
during 2001 were not identified as having either illness.
The study did not capture depression- or ADD-attributed
costs incurred in 2001 by enrollees who received ongoing
treatment for these illnesses but whose 2001 records did
not include a diagnosis of them.

In addition, the study included only adult patients
and therefore did not capture costs of childhood depres-
sion and ADD. ADD is common in childhood, and the
prevalence of depression is elevated in those with ADD
compared with those without ADD in children as in
adults.8–12 Only a portion of those with depression and/or
ADD is clinically detected. In the current study, those
with unrecognized/untreated depression or ADD would
have been included in the nonaffected comparison group,
and any influence of these disorders on direct costs would
have accrued to the nonaffected comparison group. This
potential bias is a conservative one as it would have been
expected to have increased costs in the comparison group
and attenuate any differences between groups.

The fact that the 3 study cohorts were not mutually
exclusive (i.e., those with depression and ADD were also
included in both the ADD and depression cohorts) further
biased results conservatively in that it decreased the dif-
ferences between groups. However, the approach taken
yields results more generalizable to cohorts of all patients
with depression and all patients with ADD rather than just
subsets. This study also did not capture indirect costs
(i.e., those attributable to lost productivity or quality of
life), the addition of which would probably have substan-
tively increased the marginal costs of both depression
and ADD. Therefore, the current study probably underes-
timates the true impact of these conditions.

Our cost estimates for adults with depression and ADD
were adjusted for a set of chronic conditions that have
been shown to explain a significant amount of health care
costs among adults. We did not explicitly adjust our anal-
yses for relative severity of either depression or ADD
because severity measures available to us also depend

entirely on secondary data such as frequency of diagnoses
or prescription medication profile. Other studies have
applied similar approaches to measuring disease severity,
but we chose not to because of concerns that we would
capture practice pattern variation or individual patient
choices as much as relative disease severity.

Our analyses are not intended to address either eco-
nomic or clinical causality of ADD for the experience of
adults diagnosed with depression. Our goal was to take
advantage of data for a large managed care population
to assess the cost relationship among adults with comor-
bid depression and ADD. These data provide insight into
the manner in which comorbid ADD impacts the cost of
treating and managing depression among adults from the
perspective of a managed care plan.

In conclusion, these data from a large cohort of pa-
tients enrolled in a nonprofit mixed-model health main-
tenance organization show that depression is associated
with high direct medical costs and that the marginal costs
of treating comorbid depression and ADD exceed by ap-
proximately 29% the marginal cost of treating depression
alone. These data extend previous research demonstrating
that the presence of comorbidities can affect the ther-
apeutic needs and prognosis of patients with chronic con-
ditions.6 The costs of comorbidities such as ADD need to
be taken into account in assessing the economic burden
of depression and developing optimal strategies for its
management.
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