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Abstract
The perinatal period is a critical time for mental health and is also associated with high health care expenditure. Our previous
work has identified a history of poor mental health as the strongest predictor of poor perinatal mental health. This study aims to
examine the impact of a history of poor mental health on health care costs during the perinatal period. Data from the 1973–1978
cohort of the Australian Longitudinal Study onWomen’s Health (ALSWH) were linked with a number of administrative datasets
including the NSW Admitted Patient Data Collection and Perinatal Data Collection, the Medicare Benefits Scheme and the
Pharmaceuticals Benefits Scheme between 2002 and 2011. Even when taking birth type and private health insurance status into
account, a history of poor mental health resulted in an average increase of over 11% per birth across the perinatal period. These
findings indicate that an investment in prevention and early treatment of poor mental health prior to child bearing may result in a
cost saving in the perinatal period and a reduction of the incidence of women experiencing poor perinatal mental health.
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Introduction

Poor mental health has wide-ranging consequences for both
individuals and for society as a whole. Good mental health is
an essential component of overall health and is interconnected
to physical health and general wellbeing (Prince et al. 2007).
While social impact of poor mental health has been well ac-
knowledged, the economic impact of poor mental health has
only received recent attention (Bauer et al. 2016).

A recent report published by the OECD found that, from a
global perspective, the direct and indirect costs of poor mental
health are estimated at over 4% of GDP. Further, the global costs
of poor mental health were estimated at US$2.5 trillion in 2010
and estimated to rise to US$6 trillion by 2030 (OECD 2014).
The 2010 Global Burden of Disease (GBD) study found that

mental and substance use disorders were the leading cause of
non-fatal disease burden worldwide and reported a 38% in-
crease in the number of disability-adjusted life years (DALYs)
since 1990 (Murray et al. 2012). Charlson et al. noted that al-
though the 2010 GBD study found that only 15% of burden of
disease arises from mortality for people with mental, neurolog-
ical and substance use disorders, that study only included direct
causes of death in their analysis and reported around 840,000
deaths attributable directly to such disorders, yet when all-cause
mortality is included, deaths associated with these disorders are
estimated to exceed 13 million deaths (Murray et al. 2012;
Charlson et al. 2015). Neil et al.’s cost of illness analysis found
that in 2010, the costs associated with incidence of psychosis
totalled US$4.91 billion, with US$2.31 billion attributed to di-
rect costs and US$2.60 billion to morbidity-related productivity
loss (Neil et al. 2014).

From a national perspective, a report commissioned by the
Royal Australian and New Zealand College of Psychiatrists
estimated the cost of psychosis in Australia in 2014 at
AUD$3.86 billion in terms of government expenditure and
AUD$6.21 billion in terms of broader societal costs, a rise
since 2010 estimates (Neil et al. 2014; Victorian Institute of
Strategic Economic Studies 2016). These findings demon-
strate that mental health remains a major national health chal-
lenge, with significant costs associated.
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The perinatal period is a particularly critical period for
mental health, with around one in ten women worldwide
experiencing poor mental health at this time (WHO 2014).
A recent review by Bauer et al. has shown that the present
value of total lifetime costs associated with perinatal depres-
sion and anxiety are 75,728GBP and 34,811GBP (in 2012/13
GBP), respectively, with the bulk of the costs attributed to the
ongoing health care costs of the offspring (Bauer et al. 2016).
These costs consisted of public sector costs and productivity
loss. In the Australian context, Deloitte Access Economics
reported the total costs (including public and private health
sector costs and indirect costs including productivity costs)
for postnatal depression in 2012 were AUD$78.66 million,
with most costs attributed to those arising from hospital ser-
vices (Deloitte Access Economics 2012). The perinatal period
is already a key area of health service expenditure, with
AUD$3.4 billion spent on reproductive and maternal condi-
tions in 2012/2013 (AIHW 2016). The majority of these costs
comprise hospitalisation costs around the time of delivery. As
a critical period from both a social and economic perspective,
it is imperative to understand the drivers of health service use
and expenditure in the perinatal period.

All Australian permanent residents have access to
Medicare, the Australian national health insurer that provides
universal health care. Medicare covers the costs of public hos-
pital stays and subsidises private medical care and pharmaceu-
ticals. Outpatient consultations with physicians (such as gen-
eral practice doctors (GPs) and specialists) and diagnostic tests
(such as radiology and pathology) might be fully covered by
Medicare but are more frequently covered by a combination of
Medicare rebates and out-of-pocket co-payments made by the
patient (which are not recoverable through private health in-
surance). Patients may also opt to take out private health in-
surance and to have either their private or public
hospitalisation subsidised (Foster and Fleming 2008). GP
visits, common tests and routine investigations are also cov-
ered under the Medicare Benefits Scheme (MBS), whereas
pharmaceuticals are subsidised under the Pharmaceuticals
Benefits Scheme (PBS). To further add to this administrative
complexity, the federal government funds Medicare, while
hospitals receive funding and are administered by state gov-
ernments. During pregnancy, delivery and the postpartum pe-
riod, health care costs are therefore attributed to a number of
different schemes, both private and public, where costs and
subsidies differ (Sutherland et al. 2012). Thus, comprehensive
information on health service use and costs in the perinatal
period is difficult to obtain.

Our previous work identifying the risk factors for postnatal
depression identified that a prior history of poor mental health
was a significant risk factor for postnatal depression, where
poor mental health was characterised by a history of depres-
sive and anxiety disorders (Chojenta et al. 2016). These find-
ings were the first to demonstrate, in a prospective

longitudinal setting, the importance of previous poor mental
health as a risk factor for poor mental health in the perinatal
period. In another landmark study, our team has demonstrated
that certain factors influence the use of, and therefore the costs
associated with, health services during the perinatal period.
This study used linked administrative datasets with self-
reported health and wellbeing data from a prospective longi-
tudinal cohort, a first of its kind to examine drivers of costs in
the perinatal period. For hospital costs, the drivers of costs
differed between private and public systems over the antena-
tal, delivery and postnatal periods. Mode of delivery was
found to be the most important driver of hospital costs. For
MBS costs, mode of delivery was also important, but poor
perinatal mental health had a greater impact, particularly on
the postnatal period. Critically, women who indicated they
had experienced postnatal depression had significantly higher
MBS costs in the perinatal period when compared to women
who did not experience postnatal depression (William et al.
2017) [Jananie William Thesis, ANU, 2016, unpublished].

The relationship between a history of poor mental health
prior to pregnancy and poor perinatal mental health is known
(Chojenta et al. 2016). Logically, therefore, a history of poor
mental health seems likely to have an ongoing impact on
health care costs in the perinatal period. However, the com-
plexity of health systems in Australia has deterred a compre-
hensive analysis to provide evidence for this contention. Data
collected by the Australian Longitudinal Study on Women’s
Health (ALSWH) over decades, linked with various adminis-
trative datasets (Medicare, hospitals data), offer a unique op-
portunity to examine more closely the relationship between
poor mental health and health service use in the perinatal
period. We hypothesise that pre-conception mental health is-
sues will be related to higher health service use and costs in the
perinatal period.

Methods

Data

Data were taken from the Australian Longitudinal Study on
Women’s Health (ALSWH), an ongoing population-based
study of health and wellbeing. The study commenced in
1996 with three cohorts born 1973–78, 1946–1951 and
1921–1926, with a fourth cohort born in 1989–1995 added
in 2012. The project is conducted by a team of researchers
based at the University of Newcastle and the University of
Queensland and is funded by the Australian Government
Department of Health. Participants complete surveys every
3 years on physical health, mental health, health service use,
sociodemographic factors and lifestyle measures. For this
analysis, data from six surveys from the 1973–1978 cohort
were examined (N = 14,247). In order to obtain health service
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use information, the ALSWH survey data were linked with a
number of administrative datasets including Medicare
Benefits Scheme (MBS) data, the Pharmaceutical Benefits
Scheme (PBS) data, the NSW Perinatal Data Collection
(PDC) and the NSW Admitted Patient Data Collection
(APDC). The MBS dataset contains information on eligible
services such as GP visits, specialist visits, tests and examina-
tions. The PBS contains information on subsidised medicines.
The APDC contains information on all public and private
hospital admissions including diagnoses, length of stay and
details of any procedures performed. The PDC includes infor-
mation on births including type of birth, complications and
neonatal status. The period of observation for this analysis
included all births recorded in the PDC for the decade from
01 Jan. 2002 to 31 Dec. 2011.

The Australian Institute of Health andWelfare (AIHW) acted
as the integrating authority for the national datasets (MBS and
PBS) and the Centre for Health Record Linkage (CHeReL) for
the NSW-based datasets (APDC and PDC). Data was obtained
for all participants in the 1973–1978 cohort excluding those
who had explicitly opted-out of data linkage (N = 829).

Sample

Eligible participants were those from the 1973–1978 cohort
who had completed at least one survey, resided in NSW dur-
ing the observation period and who had at least one birth
recorded in the PDC between 2002 and 2011. The period of
observation for each baby included the beginning of the ante-
natal period (baby date of birth (DOB)-gestational age at birth)
to the end of the postnatal period (baby DOB + 366 days). If
two babies were born to onemother within a 12-month period,
overlapping episodes of care were attributed to the younger
baby only, to avoid duplication of costs. Those participants
with no costs attributed across the entire perinatal period were
excluded from the analysis (n = 11); however, those partici-
pants with no costs in at least one period (antenatal, delivery,
postnatal) were included in the analysis.

Ethics approvals

The ALSWH has human research ethics approval from the
University of Newcastle (H-076-0795) and the University of
Queensland (2004000224).

Measures

Costs were examined from a number of sources. From the
APDC, costs of all maternal hospitalisations in the perinatal
period were calculated. For each hospitalisation, an Australian
Refined Diagnosis Related Group (AR-DRG) patient classifica-
tion code was attributed (Ellis et al. 2013). Cost were allocated
to each AR-DRG (and hence each hospitalisation) with national

cost-weight tables as these tables differentiate costs between
public and private hospitals. As multiple versions of AR-DRG
codes exist, AR-DRG v6.x was used, and any v6.0 codes were
recoded. The MBS costs comprised of the government rebates
paid for each service claimed in the perinatal period per baby.
The PBS costs were obtained only for those medications above
the co-payment threshold, as those below co-payment were not
recorded in the PBS prior to 2012 (Paige et al. 2015). All costs
were inflated to 2016 rates for comparability across time.

History of poor mental health was derived from a series of
self-reported items from the ALSWH surveys. Since Survey 2
(2000), participants were asked if they had been diagnosed
with or treated for ‘depression’, ‘anxiety disorder’ or ‘other
major mental illness’. Since Survey 5 (2009), participants
have also been asked to indicate whether they were diagnosed
with or treated for ‘antenatal anxiety’, ‘antenatal depression’,
‘postnatal anxiety’ or ‘postnatal depression’ for the birth of
each of their children. If the participant had responded posi-
tively to any of these variables in a survey prior to the birth of
the index baby, they were considered to have experienced a
history of poor mental health.

Birth type was recorded in the PDC using two different
variables over time—for consistency, these variables were
recoded to ‘vaginal’, ‘assisted vaginal/instrumental’ and ‘cae-
sarean’ within our analysis.

As the public/private hospital flag variable was not explic-
itly available in this version of the APDC, a proxy indicator of
hospital type was employed for this analysis. The payment
status on separation variable was used and recoded to indicate
whether the patient had been a private or public patient.

Analysis

All analyses were conducted in SPSS version 24 (IBM Corp
2015). In the first instance, descriptive analyses were conduct-
ed to broadly characterise the sample. The analysis proceeded
by regarding individual babies as the experimental unit, rather
than individual women, so each row in the data represented
one birth. Children born to the same mother were therefore
addressed using multilevel models to account for correlation.
A series of linear mixed models was constructed by first
analysing the impact of a history of poor mental health on
perinatal health care costs, adding birth type and patient pay-
ment status as additional covariates. Multilevel modelling has
become common in epidemiological applications over recent
years and is most appropriate when longitudinal data is nested,
and includes repeated measures (Greenland 2000). To account
for positive and skewed data, a gamma distribution with log
link was used. Health care costs were considered as a contin-
uous measure, summed across the entire perinatal period per
baby. Analyses were weighted for area of residence reported at
Survey 1 to account for deliberate over-sampling within
ALSWH in rural and remote areas.
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Results

After removing records with incomplete key variables (1.5%)
and one outlier with total health care costs over $200,000, the
final dataset for analysis included 3668 babies from 2106
mothers, with up to 5 children per mother. Of the sample of
babies, 18.9% (N = 697) had a mother with a history of poor
mental health prior to the birth, 29.5% (N = 1089) were born
via caesarean section, 11.3% by instrumental birth (N = 416)
and 59.2% by vaginal birth (N = 2183). Births attributed to
public payment status accounted for 41.3% (N = 1523) of
births, with 58.7% (N = 2165) therefore attributed to private
payment status.

Table 1 shows the mean, range and interquartile range for
health care costs across the perinatal period. The majority of
costs were associated with the delivery period, while the post-
natal period had a wide range. For modelling, all periods were
aggregated to calculate a total perinatal period cost.

Table 2 shows the results of the linearmixedmodels. For each
GLMM, a gamma distribution with log link was used (Gamma
distribution variance = 46,265,812). Data were nested by mother
so that all births were examined, and multicollinearity between
family groups was taken into account. Each of the key covariates
was entered successively into each model as fixed effects and
models 1–3 compared for performance. When only a history of
poor mental health is taken into account (model 1), a 12% in-
crease in total health care costs was predicted (p < .01). When
type of birth is included in the model for costs, this predicted
increase is reduced to 9% (p < .01) but with significantly in-
creased costs for Caesarean and Instrumental births. Further in-
cluding patient payment status in the modelling (model 3), there
is an average baseline increase of 11% per birth in health care
costs attributed to a history of poor mental health (p < .01), in-
creased costs for non-vaginal births and a premium for private
payment status. The AIC and BIC measures of model fit both
suggest that model 3 is the better performing of the threemodels.

Discussion and conclusions

Our results indicate that there is a significant predicted in-
crease in health care costs in the perinatal period for women
who have a prior history of poor mental health prior to birth,

even when key factors such as birth type and payment status
are taken into account. Critically, this analysis was based on
linking together distinct data sources so that (a) multiple cost
sources could be considered together, (b) costs could be allo-
cated to distinct birth events, (c) health costs in the linked
datasets could be appropriately attributed to the perinatal pe-
riod for each birth, and (d) multiple important factors could be
considered together.

Our findings are consistent with previous evidence that has
suggested that poor mental health has a long-term impact on
health care costs and quality of life (Murray et al. 2012;
OECD 2014). Notably, however, this was the first study to
examine the impact of poormental health specifically for costs
incurred during the perinatal period, a life stage for which
engagement with health services are already high and during
which mental health is at greater risk.

Our findings indicate that by addressing and preventing or
adequately treating poor mental health in women of reproductive
age, the health system is likely to experience significant cost
savings during a critical period such as the perinatal period. To
date, a significant amount of funding has been provided in
Australia for the early detection and prevention of perinatal men-
tal health conditions via the National Action Plan for Perinatal
Mental Health (Perinatal Mental Health Consortium 2008). The
action plan called for the implementation of routine psychosocial
assessment of perinatal patients, training for staff and the estab-
lishment of appropriate care pathways. The National Perinatal
Depression Initiative (NPDI) was established by the Federal
Government in 2008 and saw the commitment of $85 million
over 5 years to facilitate the National Action Plan. In addition to
these national initiatives, a number of state-based health policies
were developed. Austin et al. acknowledge the need for evalua-
tion of such initiatives in order to determine the impact of such
funding and policy reforms (Austin et al. 2012). In a follow-up
paper, the research team indicates that a non-significant trend
was detectedwhen examining the impact of routine psychosocial
assessment on access to GPs, psychologist and psychiatrists dur-
ing the perinatal period (Chambers et al. 2016). Further data are
required to explore any potential impacts of such policy reforms,
and these initial findings are inconclusive as to the impact of the
National Action Plan and subsequent NPDI.

Indeed, our findings indicate that strategic investments in the
early detection, treatment and prevention of poor mental health
in the pre-adulthood phase and certainly before pregnancy may
yield cost savings in terms of health care costs at specific, high-
risk times such as the perinatal period and possibly even over the
life-course of individuals affected. Evidence of this relationship
strengthened by a future cost-benefit analysis of key interven-
tions is targeted at young people.

While conducted in the Australian health system context, it
is expected that these findings are generally applicable at a
global level, with indications that mental health and maternity
expenditure in other OECD countries follow similar trends.

Table 1 Untransformed mean (SD) and range for health care costs
across the perinatal period

Mean (SD) Range Q1 Q3

Antenatal 2509 (2812) 0–31,956 848 3321

Delivery 8388 (3390) 0–21,976 5598 11,371

Postnatal 1792 (4081) 0–76,518 233 1304

Whole perinatal period 12,689 (6809) 3113–94,081 7516 15,539
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Importantly, this study demonstrates a clear cost-saving strat-
egy by investing in prevention and treatment strategies in ear-
ly life in order to reduce costs in an already high period of
health care expenditure. In particular, universal prevention
programs that focus on children’s mental health should be
implemented (Costello 2016). Strategies may include integra-
tion of mental health awareness into schools and provision of
counselling services specifically for young people. With the
addition of a future full cost-benefit analysis, we anticipate the
benefits to early intervention to be clear.

Limitations

While this analysis was comprehensive in scope, some limi-
tations need to be acknowledged. There are several costs that
were not captured in this analysis including outpatient services
not covered under the MBS, cost of over-the-counter medica-
tions and any out-of-pocket costs attributed to the patient. In
addition, in only capturing those PBS medications that over
the co-payment amount, about half of prescribed medications
may not have been included in our analyses. Our results com-
paring public and private hospitals should be interpreted with
caution as a Productivity Commission report has identified a
consistent over-costing of common types of hospital admis-
sions in private hospitals compared to public hospitals
(Productivity Commission 2009). However, the commission
concluded that while there are differences in the systems, the
similarities still warrant comparisons being made.
Additionally, we have not tracked any ongoing costs to the
infant including neonatal intensive care stays or other health
care costs in the perinatal period. While not all of these costs
will be attributed to prior mental health, our results may still
reflect an underestimate of the actual impact of poor mental
health on costs in the perinatal period. We also note that there
may be other important confounding factors that could not be
included in the model as they were not measured in the survey.
Nonetheless, the findings do indicate a significant relationship
between prior poor mental health and health care costs in the
perinatal period.

Recommendations

In addition to a focus on improved mental health education
and awareness for young people, additional approaches
should be considered to improve mental health outcomes
in the perinatal period. These approaches should include
adequate training of health professionals in order to best
detect and treat poor mental health, and a holistic approach
to mental health care, where it is integrated into usual peri-
natal health care. This could be achieved through local
mother/baby clinics and parenting education initiatives
for all stages of parenting.

Conclusion

By focused attention on the detection and prevention of prior
mental health disorders, cost savings can be made across the
life-course, particularly in the perinatal period. Any cost sav-
ings should not further marginalise those groups with addi-
tional needs for support but would naturally occur with a
reduction of poor mental health across the life-course. A fu-
ture follow-up study could further identify the items that in-
flated the overall health care costs for women who had a
history of poor mental health. Targeted policies and strategies
for appropriate referral in earlier life should contribute to a
later cost saving, but importantly, they should also reduce
the incidence of poor perinatal mental health in particular,
since a history of poor mental health is a leading risk factor
for postnatal depression (Chojenta et al. 2016).
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