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Abstract

Objective

To examine the health care costs associated with mental disorders and subthreshold mental
disorders within a nationally representative sample of children and adolescents in Australia.

Method

Data were derived from the Young Minds Matter Survey (N = 6,310). Mental disorders were
classified using the Diagnostic Interview Schedule for Children Version IV. Participant data

were linked to administrative data on health care costs. Adjusted generalized linear regres-

sion models and two-part models were used to estimate mean differences in costs between
those with a mental disorder or subthreshold disorder and those without.

Results

Costs associated with health care attendances and medications were higher for children
and adolescents with mental disorders and subthreshold mental disorders compared to
those without a mental disorder. The additional population health care costs due to mental
disorders amounted to AUD$234 million annually in children and adolescents, of which
approximately 16% was attributed to out-of-pocket costs. Findings showed that those with
subthreshold mental disorders or comorbid mental disorders have substantial additional
costs of Medicare-funded medical and pharmaceutical services.

Conclusion and implication

Mental disorders in children and adolescents are associated with significant health care
costs. Further research is needed to ensure that this population is receiving effective and
efficient care.
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Introduction

Mental disorders in children and adolescents have been associated with significant eco-
nomic burden. The average annual cost per child (including the direct health care, direct
non-medical, and indirect costs (usually defined as productivity losses)) have been estimated
at €1,735 for conduct disorder (CCD), €1,782 for major depressive disorder (MDD), €1,077
for anxiety disorder and €781 for Attention-Deficit/Hyperactivity Disorder (ADHD) in
Europe [1]. The annual cost of sub-threshold and clinical mental disorders (including both
direct and indirect costs) was 4.7 and 9.2 times greater than the lifetime cost of having no
mental disorders [2]. Fatori et al. 2018 found that the annual health sector costs accounted
for more than half of the national costs of sub-threshold and clinical mental disorders in
6-14 year olds followed by costs associated with school problems and parental loss of pro-
ductivity [2]. Both UK and US research have shown that amongst children and adolescents,
having a mental disorder was associated with higher annual health care costs, at least two
times more than those without any disorder [3]. Unfortunately, there is no study available
that provides a national picture of the annual costs of all child and adolescent mental disor-
ders in Australia [3].

In Australia, findings from the Young Minds Matter Survey (YMM) have shown that nearly
one in seven (13.9%) 4-17 year-olds were assessed as having a mental disorder in the previous
12 months (measured by the Diagnostic Interview Schedule for Children Version IV) in 2013-
2014 [4]. Males were more likely than females to have a mental disorder (16.3% compared
with 11.5%). The most common mental disorder identified was Attention-Deficit/Hyperactiv-
ity Disorder (ADHD) (7.4%), followed by anxiety disorders (AnxD) (6.9%), major depressive
disorder (MDD) (2.8%) and conduct disorder (CD) (2.1%). Of those who met the criteria for
any mental disorder, nearly one-third (30.0%) had two or more mental disorders. YMM also
collected information on health care resource use in children and adolescents in two ways.
Firstly, via a resource use questionnaire (RUQ) that included the broad categories of health
service use (including primary and specialist services, hospitalisation and medications), crimi-
nal/justice services, and online services. Secondly, participants were asked to provide consent
to access their Medicare and Pharmaceutical Benefits Scheme data [5,6]. Medicare and Phar-
maceutical Benefits Scheme refer to the universal federally funded programs for medical and
allied health services, diagnostics and pathology (Medicare) and pharmaceuticals (Pharmaceu-
tical Benefit Scheme).

Cost of illness studies are useful to estimate economic burden of disease and are gaining sig-
nificant attention of policy-makers [7]. Previous systematic reviews indicated a lack of evi-
dence to estimate the cost associated with mental disorders compared to those without mental
disorders in children and adolescents such as depression [8] or anxiety disorders [9]. For
depression, previous evidence showed that the total direct costs of those with depression were
179% higher than those without depression and the ratio decreased with age [8]. The study
found that the highest levels of difference in cost of treating mental disorders in adolescence
could have been explained by the provision of more resource-intensive treatment at younger
ages [8]. While information collected through the RUQ provided important indicators of the
economic burden associated with mental health conditions in Australian children and adoles-
cents, responses in the RUQ may be subject to recall bias [10]. One advantage of Medicare and
Pharmaceutical Benefits Scheme data is that it is complete (at least for services that are subsi-
dised by the Commonwealth) and is not subject to recall bias—a major limitation of RUQs
[10]. Every Australian citizen, permanent resident and some temporary residents are eligible
for subsidised health care under the Medicare and Pharmaceutical Benefits Scheme schemes.
Additionally, Medicare and Pharmaceutical Benefits Scheme data provides more detailed
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information on costs since both the government reimbursement of each occasion of service
along with the actual out of pocket fees for the service are collected.

The aim of the current paper is to determine the annual average direct health care costs of
mental disorders and subthreshold mental disorders in children and adolescents by analysing
the Medicare and Pharmaceutical Benefits Scheme data of children and adolescents participat-
ing in the YMM survey. The second aim was to provide an in-depth analysis of costs for spe-
cific mental health services and general health-related services. Finally, the study aimed to
extrapolate the incremental costs due to mental disorders and subthreshold mental disorders
in children and adolescents at the Australian population level.

Methods
Young Minds Matter survey

The Young Minds Matter survey was a national household survey conducted from May 2013
to April 2014 by the Telethon Kids Institute (The University of Western Australia) on behalf
of the Australian Government Department of Health. The aims of the survey were to deter-
mine the prevalence of mental health problems and disorders, the impact of these problems
and disorders, the services used for these mental health problems and disorders and the role of
the education sector in providing services for children and adolescents with mental health
problems and disorders. In addition, information on general health, education, family charac-
teristics, basic demographics, and socio-economic characteristics were also collected.

The survey included a face-to-face diagnostic interview with 6,310 parents and carers of
children and young people aged 4-17 years and a self-report questionnaire from 2,967 young
people aged 11-17 years. The survey collected information on the 12-month prevalence of
mental disorders. Further details on the methodology of the YMM survey can be found else-
where [11].

Classifications of mental disorder diagnoses

Mental disorders were assessed using the Diagnostic Interview Schedule for Children Version
IV (DISC-1V) [12]. The DISC-IV includes questions regarding the symptomology of a mental
disorder in the 12 months prior to the interview. The answers to these questions allowed the
generation of the 12-month prevalence of mental health diagnoses. Further details of diagnosis
have been reported elsewhere [11]. The following mental disorder diagnoses, derived from the
DISC-1IV in the YMM survey, were used in the present study:

o Major Depressive Disorder (MDD)
« Attention-deficit/hyperactivity disorder (ADHD)
« Conduct Disorder (CD)

« Anxiety Disorder (AnxD) including social phobia, separation anxiety disorder, generalised
anxiety disorder and obsessive-compulsive disorder. It was assumed a diagnosis of any of the
four forms of anxiety constituted a diagnosis of anxiety.

Additionally, a group of children and adolescents with subthreshold mental disorders were
identified. This group comprised those who exhibited sufficient symptoms to be defined as
having a subthreshold diagnosis (those who have half or more of the required minimum num-
ber of symptoms to meet diagnostic criteria) in AnxD, MDD, ADHD, CD and did not meet
any diagnosis of the four specific mental disorders identified previously (i.e. MDD, ADHD,

PLOS ONE | https://doi.org/10.1371/journal.pone.0249902  April 9, 2021 3/16


https://doi.org/10.1371/journal.pone.0249902

PLOS ONE

Health care cost and children and adolescents

CD and AnxD) [11]. Finally, those without any mental disorders or subthreshold mental disor-
ders were categorised as a no mental disorder group.

Health care costs

Health care costs were estimated for health care attendances and prescription medication out-
side the hospital setting by using data from the national Medicare and Pharmaceutical Benefits
Scheme [13]. Consent to access the claimed Medicare and Pharmaceutical Benefits Scheme
data was requested from parents for individuals aged under 14 and directly from the young
person for those aged 14 and over. This consent covered Medicare and Pharmaceutical Bene-
fits Scheme services used in the 12 months prior to the survey interview date. Through Medi-
care, the Australian government subsidizes mainly non-hospital based medical care up to a
pre-determined amount (usually 85% of the scheduled fee), with the remainder paid by the
patient as out-of-pocket costs (OOP). The costs of prescription medications are subsidized by
the Pharmaceutical Benefits Scheme, in which a comprehensive, pre-determined list of medi-
cations is subsidized up to a designated co-payment. The corresponding 12-month prevalence
of Medicare and Pharmaceutical Benefits Scheme service use was extracted from the survey
Medicare and Pharmaceutical Benefits Scheme datasets.

Mental health and general health related MBS service. Neither Medicare nor the Phar-
maceutical Benefits Scheme collect any diagnostic information. As such, the intent of a health
professional visit is not captured for many types of professional services. In the current study,
we defined mental health related services by either selecting specific provider specialties
(including clinical psychologist, psychiatrist trainee, psychiatrist, non-clinical psychologist,
nurse for mental health, social worker, and occupational therapist for mental health) and spe-
cific mental health-related Medicare and Pharmaceutical Benefits Scheme items (including
items claimed under the Better Access scheme introduced in November 2006 which also
included General Practitioner (GP) specific services, including the provision and review of
mental health care plans).

The remaining Medicare and Pharmaceutical Benefits Scheme claims were classified as gen-
eral health related, even though they may have included a mental health component. The Bet-
tering the Evaluation and Care of Health (BEACH) study has previously identified that over
80% of consultations with GPs where a mental health related issue was discussed are not billed
as mental health specific items [14]. The BEACH study has estimated that across all age groups
approximately 12% of consultations with GPs in Australia are mental-health related, while less
than 2% are identified as mental-health specific based on the Medicare Benefit Scheme item
numbers [14].

Mental health and general health related PBS service. Mental health-related medica-
tions were defined as five selected medication groups classified in the Anatomical Therapeutic
Chemical (ATC) Classification System by World Health Organization (WHO) [15] and used
by the Australian Institute of Health and Welfare (ATHW). These medication groups included
antipsychotics (code N05A), anxiolytics (code N05B), hypnotics and sedatives (code N05C),
antidepressants (code N06A), and psychostimulants and nootropics (code N06B) [16]. In
addition to these five mental health related medications, three other categories of medication
were included in the YMM survey, including anti-hypertensives (C02A, C07A) and anti-con-
vulsants (NO3A). Anti-hypertensives include clonadine which is used in the treatment of
ADHD and beta-blockers which are commonly used for anxiety in teenagers [17,18]. Given
that very few children and adolescents receive treatment for hypertension compared with the
off-label uses, it is most likely that children or adolescents who are prescribed these medica-
tions receive them for the treatment of mental disorders. Similarly, anticonvulsants are
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commonly used as mood stabilisers in people with bipolar disorder. The remaining medica-
tions utilised by study participants were considered as general health related.

Statistical analyses

Statistical analyses were conducted using Stata 15. Population weights were developed to
incorporate the characteristics of people who consented to Medicare and Pharmaceutical Ben-
efits Scheme data to reflect the general population. These weights were developed in addition
to the variables that are used in the YMM survey general population weights. Descriptive sta-
tistics were estimated for the mean (and 95% confidence interval) of mental health and general
health related service uses and economic costs of healthcare services and pharmaceuticals by
relevant comparison groups of mental disorder status. A generalized linear regression model
(GLM) was used to estimate the mean differences in costs between groups (subthreshold/men-
tal disorders vs. no mental disorders) adjusted for child gender, age, country of birth and
socio-economic status (measured by the Index of Relative Socio-economic Disadvantage
(IRSD) quintile) of the families. Population cost estimates were calculated by multiplying
adjusted mean differences by the estimated population size, as reported in Australian 2019
population size statistics [19]. A two-part model was used to detect whether there was a differ-
ence in the probability of incurring any costs and the difference in costs of those who used ser-
vices. The first part was a logistic regression model for the probability of incurring any costs
and the second part was a GLM for costs incurred conditional on the cost being greater than
zero. As recommended by the International Society for Pharmacoeconomics and Outcome
Research guidelines, a gamma error distribution with a logarithmic link function was used in
the GLM to model the skewed distribution of the data [20]. Cost estimates are presented in
Australian Dollars ($) for the year 2013/2014. Regarding the number of health care visits, a
hurdle model was used to detect the differences between groups in those who used services.
Hurdle regression models combine a binary model (e.g. logit) to predict zeros with a zero-
truncated negative binomial model to predict non-zero counts [21]. In case of a large mass of
zeros, the two-part and hurdle count models, has often improved the fit of the models and has
been useful for better understanding of the results [21].

Results

The total sample of the survey was 6,310 of which 76% consented to access to Medicare and
Pharmaceutical Benefits Scheme data (S1 Fig). The proportion of children and adolescents
who consented to access to Medicare and Pharmaceutical Benefits Scheme data and had any
recorded service use was 86% for healthcare services funded under Medicare and 29% for
pharmaceuticals under the Pharmaceutical Benefits Scheme. The demographics of the survey
sample have been reported elsewhere [4,22]. In brief, the cohort had a similar proportion of
girls (48.4%) and boys (51.6%) with mean age of 10.4 years. Most primary carers of children
and adolescents in the cohort were born in Australia (70.1%), and had a diploma or higher
degree (69.8%).

Medicare Benefit Scheme cost differences by mental disorder status

Fig 1 represents descriptive statistics for average annual Medicare Benefit Scheme mental
health and general health-related health care service costs. Results showed that mental disor-
ders were associated with higher annual average mental health specific costs. For example, the
average annual mental health-related costs per person was found to be $7 for those without
mental disorders versus $32 and $58 to $238 for those with subthreshold mental disorder and
mental disorders, respectively. Among people with a single diagnosis, MDD was associated
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Fig 1. Average of total Medicare Benefit Scheme costs per person. MH-Public: Mental health related costs—benefit
paid by the Government MH-OOP: Mental health related cost-out of pocket costs—out of pocket costs GH-Public:
General health related costs-benefit paid by the Government GH-OOP: General health related cost-out of pocket costs
ADHD: Attention-deficit/hyperactivity disorder, MDD: Major depressive disorder, AnxD Anxiety disorders, CD
conduct disorder.

https://doi.org/10.1371/journal.pone.0249902.9001

with the highest average annual mental health related costs ($238), followed by CD ($172),
AnxD ($102) and ADHD ($58). Children and adolescents with comorbid mental disorders
had higher average annual costs compared to those with single disorders (A$242 to A$370).
Regarding subthreshold disorders, subthreshold MDD was associated with the highest average
annual mental health and general health related costs, followed by subthreshold ADHD and
comorbid subthreshold disorders. The adjusted differences in average annual costs between
those with and without mental disorderswas statistically significant for both mental health and
general health-related services, except for the average annual cost of both mental and general
health-related services between those with CD or subthreshold MDD and without subthresh-
old or mental disorders.

Fig 2 shows the extrapolation of these findings to the entire Australian population, taking
into account the proportions of children and adolescents in the relevant comparison groups.
The estimated adjusted additional mental health and general health related cost to Medicare
for healthcare utilisation associated with mental disorders and subthreshold mental disorders
was $82M and $105M, respectively. The majority of these total additional costs were attributed
to subthreshold mental disorders, especially for ADHD subthreshold, AnxD subthreshold and
comorbid subthreshold mental disorders, followed by children/adolescents with two or three
mental health diagnoses. With respect to single mental disorders, ADHD and AnxD contrib-
uted equally (9%-10%) to the total additional mental health related cost to Medicare, and simi-
lar proportions to general health related costs (12%-15%).

Table 1 presents results from the two-part models for mental and general health related
costs of health care services. The first part of the model (logit model) indicates that those with
a mental disorder or subthreshold mental disorder are more likely to have at least some costs.
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Children and adolescents with a mental disorder or a subthreshold mental disorder were more
likely to use a mental health related service than those without a mental disorder except those
with subthreshold MDD. Among those who had mental health related MBS expenditure, the
hurdle model indicated children and adolescents with MDD or comorbid mental disorders or
comorbid subthreshold mental disorders had significantly more mental health related health
professional visits (two to three times) compared to those without a mental disorder. Similarly,
these disorders together with AnxD or subthreshold ADHD were associated with significantly
higher average cost than non-mental disorders in those who had mental health related MBS
expenditure. Regarding general health care services, there is a significantly higher proportion
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Table 1. Results for count models for health care service and two-part models for total MBS costs.

Disorder
categories

No mental
disorders

Any Mental
Disorders
ADHD

Conduct
disorders

Ancxiety related
disorders

Major Depressive
Disorders
Comorbid 2
conditions

Comorbid 3
+ conditions

Any Subthreshold

disorders

Subthreshold
MDD

Subthreshold
AnxD

Subthreshold CD

Subthreshold
ADHD

Subthreshold
Comorbid

Mental Health specific services

% using health
service % (95%
CI)

1.5(1.0,2.1)

18.0 (15.0,
21.0)***

10.8 (6.4,
15.2)***

17.4 (3.5, 31.3)*

14.9 (9.7,
20.1)"**

14.3 (5.6,
23.0)"*

27.5 (20.5,
34.6)"**

34.3 (17.5,
51.2)"**

5.3 (4.0, 6.5)***
15.6 (0, 31.6)

3.5 (1.9, 5.0)*

0
5.1(3.1,7.1)*"

7.7 (4.9,
10.5)**

Number of visits for
those who accessed
services N (95% CI)
2.7 (1.6,3.8)

5.4 (4.5, 6.4)"**

3.7 (1.9, 5.6)
7.1(2.2,12.0)
4.4(2.8,5.9)

6.1 (3.3,8.9)"

6.5 (5.0,7.9)"*

6.1 (3.5, 8.8)*

4.7 (3.7,5.8)""
4.9(0.8,9.1)

3.9(2.6,5.3)

N/A
49(2.7,7.1)

5.3 (3.5,7.1)

***, statistical significance at the 0.1% level;

**, statistical significance at the 1% level;

Average cost for those
who accessed services $A
(95% CI)

412 (277, 546)

893 (749, 1037)***
622 (346, 898)

1005 (373, 1638)

667 (472, 861)*

1336 (628 2044)*

951 (744, 1159)***
1226 (605, 1846)*

677 (539, 815)**

507 (148, 866)

558 (391, 725)

N/A
727 (447, 1008)*

746 (516, 976)"

*, statistical significance at the 5% level. Statistically significant results were bold.

General health related services

% using health
service % (95%
CI)

84.2 (82.5, 86.0)
90.0 (87.7,
92.4)"**

88.9 (84.2, 93.7)
83.3 (69.8, 96.7)
88.2(83.7,92.7)
94.6 (89.4,

99.8)"**
92.7 (88.5,

97.0)"**

92.5 (84.3, 1.0)
85.1 (83.3, 86.9)
80.9 (64.1, 97.8)

86.2 (83.0, 89.4)

82.1 (65.7, 98.6)
82.4(79.5, 85.3)

88.5 (85.0,
92.1)*

Number of visits for

Average Cost for those

those who access services | who accessed services $A

N (95% CI)
4.7 (44,5.0)

7.2 (6.5, 8.0)***

6.0 (5.0,7.1)*

5.0(2.2,7.9)

7.7 (6.0, 9.4)***

8.5(5.7,11.3) **

8.5 (7.0, 10.0)***

6.7 (4.6, 8.8)

5.6 (5.2, 6.0)"**

10.2 (6.0, 14.4)**

6.0 (5.3,6.7)"**

3.1(1.8,4.4)"
4.7 (42,5.3)

6.2 (5.4,7.1)***

MDD: Major depressive disorder, AnxD: Anxiety disorders, CD: Conduct disorder, ADHD: Attention-deficit/hyperactivity disorder.

https://doi.org/10.1371/journal.pone.0249902.t001

(95% CI)
322 (302, 341)

503 (451, 555)***

455 (381, 530)**

303 (173, 432)

535 (401, 668)**

448 (315, 580)

590 (487, 693)**

456 (316, 596)

397 (365, 428)

569 (345, 792)"

419 (353, 485)"*

208 (134, 282)"*
338 (306, 370)

458 (387, 530)***

using general health related services for those with MDD, 2 comorbid mental disorders or sub-
threshold comorbid mental disorders. For those who accessed general health related services,
children and adolescents with a mental disorder or subthreshold mental disorder had a signifi-
cantly greater number of health care visits (as well as average annual expenditure), except for
those diagnosed with CD, three mental health conditions and subthreshold ADHD. Children
and adolescents with ADHD, AnxD, two mental health conditions, or subthreshold mental
disorders (except subthreshold ADHD) were found to have significantly greater medical ser-

vice costs than children without a mental disorder.

Regarding OOP costs, adolescents with MDD only or co-morbid 3+ disorders incurred the
highest out of pocket costs for mental health related services, but not for other general health
related services. In fact, of the mental health related MBS costs (both government and OOP
costs), 29% of these costs were attributable to OOP costs.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249902  April 9, 2021

8/16


https://doi.org/10.1371/journal.pone.0249902.t001
https://doi.org/10.1371/journal.pone.0249902

PLOS ONE

Health care cost and children and adolescents

Finally, the majority of children with mental disorders or subthreshold mental disorders
were accessing mental health professions on average more than two to three times compared
to those without a mental disorder in the prior 12 months (Table 1).

Pharmaceutical Benefits Scheme cost differences by mental disorder status

Fig 3 presents descriptive statistics for the annual Pharmaceutical Benefits Scheme mental
health and general health related costs. Similar to Medicare Benefits Scheme costs, unsurpris-
ingly, mental disorders were associated with higher annual mean mental health related Phar-
maceutical Benefits Scheme costs ($2 per person for those without mental disorders vs. $6 per
person for those with subthreshold mental disorders vs. from $12 to $98 per person for those
with mental disorders). In contrast to Medicare Benefits Scheme costs, ADHD was associated
with the highest mental health related PBS cost per person ($98), followed by MDDs ($65),
CDs ($36), and AnxDs ($12). Children and adolescents with comorbid mental disorders had
approximately two times higher mental health related costs than those with a single mental dis-
order. The adjusted differences in costs of those with mental disorders and without mental dis-
orders reached statistical significance only for mental health related Pharmaceutical Benefits
Scheme costs. Regarding subthreshold disorders, MDD subthreshold was associated with the
highest average cost of mental and general health related costs, however, there is no significant
difference in costs between those with MDD subthreshold and those without. Mental and gen-
eral health related costs were found to be similar between subthreshold ADHD, subthreshold
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Fig 3. Total PBS cost per person. MH-Public: Mental health related costs-benefit paid by the Government MH-OOP:
Mental health related cost-out of pocket costs GH-Public: General health related costs-benefit paid by the
Government GH-OOP: General health related cost-out of pocket costs ADHD: Attention-deficit/hyperactivity
disorder, MDD: Major depressive disorder, AnxD Anxiety disorders, CD conduct disorder.

https://doi.org/10.1371/journal.pone.0249902.9003
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MDD only
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= Comorbid subthreshold

Fig 4. The excess pharmaceutical costs due to metal disorders and subthreshold mental disorders. ADHD:
Attention-deficit/hyperactivity disorder, MDD: Major depressive disorder, AnxD Anxiety disorders, CD conduct
disorder.

https://doi.org/10.1371/journal.pone.0249902.9004

AnxD and comorbid subthreshold mental disorders, and these costs were statistically signifi-
cantly higher than those without a mental disorder or subthreshold symptoms.

Fig 4 shows the extrapolation of these findings for the entire Australian population (only
considering additional costs compared to children/adolescents with no mental disorder) and
also taking into account the proportions of children and adolescents in the relevant compari-
son groups. The estimated adjusted additional Pharmaceutical Benefits Scheme mental health-
related cost associated with mental disorders and subthreshold mental disorders for 4 to 17
year olds was AU$68M. The majority of this total additional cost was attributed to ADHD
(25%) and the two mental health disorder comorbid group (30%) followed by three plus men-
tal health disorder comorbid group (21%) and subthreshold mental disorders (16%). In sub-
threshold mental disorders, subthreshold AnxD and subthreshold ADHD contribute 14% of
total excess costs. Other single disorders including MDD, AnxD and CD contributed 8% to
the total mental health related PBS costs.

Results for the two-part models for Pharmaceutical Benefits Scheme mental and general
health related costs is presented in Table 2. Children and adolescents with a mental disorder or
subthreshold mental disorder had higher utilization of mental health Pharmaceutical Benefits
Scheme compared to those without a mental disorder. Among those who used mental health
PBS, the second part of the model indicated that there is a significantly higher expenditure for
those with ADHD, CD, with two or three plus comorbid conditions or subthreshold MDD
compared to those without a mental disorder. For general health related Pharmaceutical
Benefits Scheme cost, only people with AnxD, two comorbid conditions, subthreshold MDD,
subthreshold AnxD, and comorbid subthreshold mental disorders were found to have signifi-
cantly higher use of general health Pharmaceutical Benefits Scheme compared to those without
a mental disorder. However, the Pharmaceutical Benefits Scheme costs of general health
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Table 2. Results for two-part models for total PBS costs.

Disorder categories

Mental health related costs

% using health service %

Average cost for those who accessed

General health related costs

% using health service %

Average cost for those who accessed

(95% CI) services $A (95% CI) (95% CI) services $A (95% CI)
No mental disorders 0.7 (0.4, 1.1) 197 (87, 308) 25.1(23.2,27.0) 154 (83, 226)
Any Mental disorders | 15.2 (12.4, 18.0)*** 486 (356, 617)*** 37.7 (33.8, 41.7)** 113 (72, 155)
ADHD 14.5 (9.3, 19.8)*** 752 (428, 1077)** 31.5 (24.7, 38.3) 91 (45, 137)
Conduct disorders 5.2 (0.0, 14.9) 883 (551, 1215)*** 28.9 (12.2, 45.6) 84 (21, 146)

Anxiety related 5.1 (1.5, 8.7)* 237 (111, 364) 42.7 (35.3,50.1)*** 113 (48, 179)
disorders

Major Depressive 8.3 (1.8, 14.9)* 414 (0, 900) 29.6 (15.6, 43.5) 148 (18, 279)
Disorders

Comorbid 2 24.7 (18.2, 31.1)*** 365 (238, 492)* 44.5 (36.5, 52.4)*** 142 (53, 231)
conditions

Comorbid 3 36.4 (19.7, 53.1)"** 458 (252, 663)" 37.3 (21.1, 53.4) 63 (8, 118)"
+ conditions

Any Subthreshold 1.8 (1.2, 2.5)** 395 (213, 577) 29.5 (26.9, 32.0)** 129 (90, 168)
disorders

Subthreshold MDD 1.4 (0,4.2) 3201 (1812, 4590)*** 37.0 (15.8,58.1)* 434 (0, 1049)
Subthreshold AnxD 1.0 (0.2, 1.9) 416 (114, 718) 33.0 (28.6,37.3)*" 116 (82, 149)
Subthreshold CD 0 N/A 21.8 (5.0, 38.5) 156 (15, 296)
Subthreshold ADHD 2.2 (0.9, 3.5)" 373 (153, 593) 24.8 (21.1, 28.5) 132 (82, 182)
Subthreshold 2.5(1.2,3.8)" 184 (93, 275) 32.5(27.7,37.3)** 117 (73, 162)
Comorbid

***, statistical significance at the 0.1% level;

**, statistical significance at the 1% level;

*, statistical significance at the 5% level.

Statistically significant results shown in bold.

MDD: Major depressive disorder, AnxD: Anxiety disorders, CD: Conduct disorder, ADHD: Attention-deficit/hyperactivity disorder.

https://doi.org/10.1371/journal.pone.0249902.t002

related medications was significantly greater for those with three comorbid conditions who
used Pharmaceutical Benefits Scheme than those without a mental disorder.

Discussion

In Australian children and adolescents, MDD, ADHD, CD, and AnxD were associated with a
higher use and expenditure in mental health-related Medicare and Pharmaceutical Benefits
Scheme services. MDD and having three or more comorbid conditions were associated with
the highest mental health-related Medicare costs, while ADHD, CD and subthreshold MDD
were associated with the highest mental health related Pharmaceutical Benefits Scheme costs.
For those who used Medicare and Pharmaceutical Benefits Scheme services, ADHD was asso-
ciated with higher mental health-related Pharmaceutical Benefits Scheme costs and general
health-related Medicare costs but not mental health-related Medicare costs. This suggests that
those with ADHD may seek help from paediatricians or general health related GPs [23]—
which were classified as general health related services for the purposes of the current study.
Previous research has also found that a large proportion of paediatric consultations have been
for behavioural and developmental concerns [24]. Furthermore, given that previous research
has also found that pharmaceutical treatment with or without psychotherapy is an effective
intervention for children aged 6+ years with ADHD [25], which may explain why ADHD is
associated with one-third of the total additional Pharmaceutical Benefits Scheme costs.
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Another finding which is somewhat pleasing is that of those children who do access mental
health treatment the average number of sessions is greater than published criteria of “mini-
mally adequate treatment” sessions. However, this result should be interpreted with caution
given that it is unclear whether the services delivered were evidence-based and disorder spe-
cific interventions upon which the ‘minimally adequate treatment’ threshold is based. This is
also true of children who have ADHD except they appear to be accessing general health profes-
sionals rather than mental health specific professionals. When extrapolating to the population
level, the current study found that the additional costs associated with mental disorders and
subthreshold mental disorders for 11-17 year olds in Australia was $187M in Medicare claims
(including OOP) and $68M for Pharmaceutical Benefits Scheme (including OOP). Findings
from this study are difficult to compare with previous studies evaluating the cost of mental dis-
orders as, to our knowledge, this is the first in-depth analysis of economic burden using Aus-
tralian administrative datasets in this population. Lucas and Bayer Lucas, Bayer (26) reported
an additional cost of $27.6M to the Australian Government for mental difficulties (measured
by Strengths and Difficulties Questionnaire rather than formal diagnosis of mental disorders)
in children from birth up to 8 year-olds. Given that adolescents and young adults aged 12 to 24
years had 8 times higher mental health service use compared to those aged 0 to 11 [24]—our
cost estimates may be considered roughly comparable with results reported by Lucas, Bayer
[26]. Our study found mental health care related costs of $82M for Medicare and $68M for
Pharmaceutical Benefits Scheme. Segal, Guy [24] have found that mental health related Medi-
care and Pharmaceutical Benefits Scheme costs were respectively $228.2M and $55.1M for
children aged 0 to 24 years in 2013-2014. Our extrapolated PBS costs were somewhat higher
given that we included anti-hypertensives and anti-convulsants in addition to the more usual
mental health related medications as classified by the ATHW and used in the Segal study [24].
The numbers receiving other classes of drugs, including the anti-hypertensives and anti-con-
vulsants were low and it is likely that adding these classes of drugs might have contributed very
little to the overall Pharmaceutical Benefits Scheme cost for children and adolescents with
mental disorders. Another potential explanation of the differences between our study results
and those of Segal is that while the majority of mental health-related Pharmaceutical Benefits
Scheme costs can be attributable to mental disorders, mental health-related Medicare services
may be used by children who might be dealing with other issues, such as bullying (who may
not meet diagnostic criteria for a mental disorder) [27].

Another interesting finding of our study was that the pattern of average OOP costs incurred
for both mental health and general health related care appeared to differ according to diagnos-
tic category. In particular, adolescents with MDD incurred higher average mental health
related OOP costs compared to those with AnxD. It may be because MDD is common in ado-
lescence but rare in childhood unlike anxiety and is associated with higher functional
impairment than anxiety. Furthermore, given that the available effective “talking” or psycho-
logical treatments for both MDD and AnxD are relatively similar (CBT) types of therapies, it
could be that such children are accessing different types of providers (e.g. children with
depression might be more likely to access specialists (including psychiatrists and clinical psy-
chologists) whereas those with anxiety are more likely to be accessing primary care providers
and non-specialists for mental health reasons.

The current study also highlighted the economic burden of people with comorbid mental
disorders. Findings showed that children and adolescents with multiple disorders incurred
higher costs. At a population level, the 30% of children and adolescents with mental disorders
who met diagnostic criteria for two or more disorders contributed half of the total mental
health-related costs. Importantly, this is not a surprising finding given that comorbidity has
been found to result in more serious impairments—and therefore likely to be associated with
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higher health care costs. For example prior research has found that comorbid mental disorders
in Australian adults are associated with greater quality of life decrements [28]. This flags the
importance of addressing the needs of those with comorbid mental disorders. These findings
of higher costs associated with the occurrence of co-morbid conditions are consistent with
what has been found in adults within the Australian context [29,30].

Interestingly, our findings also showed that those with subthreshold mental disorders are
large contributors to the total Medicare and Pharmaceutical Benefits Scheme costs especially
for those with AnxD or comorbid subthreshold disorders. A probable reason for this is that
the prevalence of subthreshold mental disorders was significantly higher than other single
mental disorders or comorbid disorders (34.2% vs. <5%) although the average cost per person
with subthreshold disorders was significantly lower than the average cost of those with mental
disorders. Importantly, this group was associated with significant general health related service
costs compared to those with no mental disorders (i.e. AnxD and comorbid subthreshold
accounted for 44% of total general health related costs). The possible reason for this is that peo-
ple with subthreshold mental disorders might seek mental health help from general health pro-
fessionals such as GPs or paediatricians rather than mental health professionals as they have
not met the criteria for a mental health diagnosis. Previous research showed that adolescents
with subthreshold mental disorders also require intensive interventions provided over a long
time period in order to achieve recovery as those with mental disorders [31]. Further research
is required to investigate illness trajectories of this group to design appropriate and cost-effec-
tive access to care for this under-researched group.

Strengths and limitations

The strengths of this study include that the two administrative data sets of Medicare and Phar-
maceutical Benefits Scheme claims data provide much greater accuracy than other techniques
of assessing costs, such as resource use questionnaires. Furthermore, we were able to link this
data to comprehensively assessed diagnostic data via the YMM survey, thus overcoming the
difficulties of analysing MBS and PBS data in isolation.

However, the costs reported here are an underestimate of the full economic burden of men-
tal disorders. Medicare and Pharmaceutical Benefits Scheme data does not include the cost of
the large number of mental health treatment and prevention services provided by non-govern-
ment organisations, school counsellors or state based child and adolescent mental health ser-
vices. Other costs such as the cost of hospital admissions and emergency department
presentations are also not included in such Medicare and Pharmaceutical Benefits Scheme
data. Similarly, any medications or supplements that are not covered under the Pharmaceutical
Benefits Scheme were not included in this study. Further research is required to explore the
full picture of what services and costs, in terms of content, are being used by adolescents with
mental disorders.

Although the use of the two-part model for the large number of zeros may improve the fit
of the statistical models, the small sample size of those with positive values may have prevented
detection of statistically significant differences between groups [21].

While it is clear that additional health care expenditure is associated with mental health
diagnoses in children and adolescents, this data does not provide any indication of the benefit
or outcome from these services. We are therefore unable to determine whether these costs are
associated with cost-effective service provision in terms of treatment content of MBS services
in particular [32].

Finally whether this amount of Medicare and Pharmaceutical Benefits Scheme costs is too
high or not high enough remains to be determined as the “value” of this spending cannot be
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easily determined from such administrative data sets. However, given the YMM survey has
also found that 44% of children who meet criteria for mental health disorders (including severe
disorders) had not accessed any form of treatment suggests that the Medicare and Pharmaceu-
tical Benefits Scheme costs should probably be even higher to meet unmet need [22,33]. Fur-
thermore, the cost estimates for mental disorders and subthreshold mental disorders will be
valuable for use in future economic evaluations of interventions for prevention or treatment of
mental disorders.

Conclusion

Mental health diagnoses and symptoms were associated with $234 million in annual incre-
mental health care costs for medical services and medications in Australian children and ado-
lescents aged 4-17 years old. Approximately sixteen percent of this cost is in the form of OOP
payments. The current analysis only represents a portion of the total health care cost since it
was limited to Medicare and Pharmaceutical Benefits Scheme administrative claims data. Fur-
ther research is needed to estimate the full picture of economic burden of mental disorders in
children and adolescents.

Supporting information

S1 Fig. Overview of consent and number of sample size for Medicare-funded medical and
pharmaceutical services.
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