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What ar e the costs of stillbirth? Capturing the direct health care and macr oeconomic
costsin Australia

ABSTRACT
Background

Reducing stillbirth rates is an international priority, however little is known about the cost of

stillbirth. " This analysis sought to quantify the costs of stillbirth in Australia.
Methods

Mothers and costs were identified by linking a state-based registry of all births between 2012
and 2015 to'ether administrative datasets. Costs from time of birth to two years post-birth
were included. Propensity score matching was utilized to account for differences between
women who had a stillbirth and those that did not. Macroeconomic costs were estimated

using value of lost output analysis; and value of lost welfare analysis.
Results

Cost to government was on average $3,774 more per mother who had a stillbirth compared to
mothers who_had a live birth. After accounting for gestation at birth, the cost of a stillbirth

was 42% more than a live birth (p<.001). Costs for inpatient services, emergency department
services, services covered under Medicare (such as primary and specialist care, diagnostic
tests and imaging), and prescription pharmaceuticals were all significantly higher for mothers
who had a stillbirth. Mothers who had a stillbirth paid on average $1,479 out-of-pocket,

which was 52% more than mothers who had a live birth after accounting for gestation at birth
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(p<.001). The value of lost output was estimated to be $73.8 million (95% CI: 44.0 million

103.9 million). The estimated value of lost social welfare was estimated to be $18billion.
Discussion

Stillbirth has.a sustained economic impact on society and families, which demonstrates the

potential resourece savings that could be generated from stillbirth prevention.
Keywords
Stillbirth; cests;resource use; economics; decision-making.

INTRODUCTION

Globally, angestimated 2.6 million stillbirths occur annually (1). Despite significant
improvements fin perinatal survival rates worldwide (2), stillbirth remains a significant and
underemphasised problem in health systems research and policymaking (1, 3, 4), and global
attention for this issue is low. Stillbirths were not included in the Millennium Development
Goals and.are not tracked by either the United Nations or the Global Burden of Disease
both of which._eount burden only after a live birth. A number of obstacles have been
identified as preventing the uptake of stillbirth as a priority issue for global health policy and
research."Suehbarriers include ingrained norms in national and international discourse and
policymaking_.that fail to perceive a value of life lost to stillbirth as equal to that of deceased

newborns or mothers (2).

Although the rates of stillbirth in high-income countries are relatively low compared to low-
and middle-ineome countries, stillbirth is still a major health burden in Australia (5), where 7
in every 1,000 babies are stillborn (5, 6). Australia has seen a reduction in neonatal deaths
(deaths withintthe first 28 days after birth), however, stillbirth rates have not declined in over
2 decades (1995-2014), varying between 6.7 and 7.5 per 1,000 births (5). While some small
reductions have been shown in late gestation stillbirths, occuring after 28 completed weeks
gestation (7, 8); Australia ranks 15th amongst developed countries with a late gestation
stillbirth rate 35% higher than the best performing countries. The leading causes of stillbirth
are unexplained antepartum death, congenital abnormalities, maternal conditions, and
spontaneous pre-term birth (Despite the high prevalence of stillbirth both globally and
nationally, the costs associated with stillbirth remain largely unknown, and this has been
identified as a major gap in stillbirth research (10). In its seféHibirths 2016: ending

preventable stillbirth's The Lancet estimated that the direct financial cost of a stillbirth is 10-

This article is protected by copyright. All rights reserved



60
61
62

63
64
65
66
67
68
69

70

71
72
73
74
75
76
77
78
79
80
81
82
83

84
85
86
87
88
89
90
91

70% greater than the cost of a live birth, with the costs predominantly being met by the
government (11). Existing cost estimates have rarely examined the direct costs of stillbirth

during the perinatal period, nor the macroeconomic impacts (12).

This study aims_to (1) identify the incremental direct costs of a stillbirth event, associated
with the mother’s health service use to the Australian Federal and State governments, and
individuals.compared to a live birth; (2) quantify the macroeconomic costs of stillbirth to the
Australian,economy associated with decreased gross domestic product (GDP) due to reduced
capital formation as a result of the direct health care costa settliced labour force due to

the loss of life associated with stillbirth; and (3) quantify the value of lost social utility

associated with the lost life from stillbirth in Australia.

METHODS

Direct health care costs of stillbirth

To measure the direct health care costs of stillbirth we utilised Maternity1000 (13), a whole
of population linked administrative dataset. Maternityl000 uses the Queensland Perinatal
Data Collection to identify all women who gave birth in Queensland, and contains the records
of women who gave birth between 1 July 2012 and 30 June 2015 (n=186,789), plus their
resultantchildren (n=189,909). Thewere 1,271 records of babies who were stillborn during
this time (0.7%). Stillbirth was identified from the Perinatal Data Collection, which defined
stillbirth"as'being a baby born without signs of life of “at least 20 weeks gestation and/or 400

grams in weight” (14). The records of these mothers and children were then linked to their
Admitted Patient Data Collection, Emergency Department Information System, Queensland
Health Clinical Costing Unit, and Medicare Benefits Scheme (MBS) and Pharmaceutical
Benefits Schedule (PBS) claims records. Linkage was undertaken on all women and babies

identified on the Perinatal Data Collection.

The primary“outcomes for this study were the total incremental cost to the Federal and State
governments per stillbirth event; and the total incremental cost to the mother in the form of
out of pocket health care costs per stillbirth event. Costs from the time of confinement
throughto 24 months postpartum were included. Incremental cost is defined as the difference
in cost betweenimothers who had a stillbirth and mothers who had a live born baby. As the
analysis was focusedn identifying the costs of stillbirth, only costs associated with the
health service of the mother were included in the analysis. All costs were adjusted to 2017/18

Australian dollars, based upon Consumer Price Inflation (15).
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The analysis used propensity score matching to control for the baseline differences in the
population of women who had a stillbirth and women who did not. Matching on the properly

estimated propensity score balances the distributions of confounding covariates between the
exposure and control groups. We included in the exposure model only those variables
correlated withrboth exposure (stillbirth) and outcome (post-event cost of health service use)
(16). This/@approach is consistent with Rubin and Thomas (1996), who discourage the use of

statistical significance as inclusion criteria in the estimation of the propensity score (17).

A logisticwregression model was used to calculateh woman’s propensity score.
Characteristics includeth the model were mother’s age, body mass index at four-to-six
weeks priorto conception, whether the mother had a pre-existing medical condition that was
deemed to significantly affect the pregnancy or its management, smoked before 20 weeks
gestation, sidentified as Aboriginal and/or Torres Strait Islander, area-based socioeconomic
status (assigned from SEIFA quintile (18)), if the pregnancy was a singleton pregnancy, was

the mother’s first pregnancy, if the baby presented in a vertex position, and year of birth.

Mothers were matched 1:1 based upon their propensity score using the greedy matching (i.e.,
‘nearest neighbour’) technique within a caliper of 0.2 times the standard deviation of the
(pooled) logit,of, the propensity score (19). Matching produced two equal-sized cohorts of
1,125 women‘whose mean cost differences may thereby be attributed to stillbirth. However,
some of'the.differences may still be attributable to unobserved factors.

Matching .on the estimated propensity score should balance the underlying covariate
distributions in the two groups. Post-estimation balance was assessed by comparing the
standardized differences of means and prevalence between the exposure and control cohorts
baseline covariates (before and after matching). These are shown in Appendix 1 (published
online only). The absolute value of the standardized differences for each covariate after
matchingwas.less than 0.1 (20) and so the growpse considered to be balanced based upon

the selected cavariates and thus appropriately matched. Although there has been criticism of
the propensity=Score matching technique (21), this method was considered appropriate to
control forsthe different characteristics in mothers who have a stillborn child and mothers
who have a‘live born child primarily due to the large size of the dataset from which the two

groups were drawn.

Descriptive statistics for the two cohortgre presented, identifying the incremental costs of

stillbirth. Differences in costs were compared with generalized linear models, with cost as the
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dependent variable and gestation at birth and gestation at birth squared as independent

variables. A negative binomial distribution and a log link function was specified.
Value of Lost Output

The value'of lost output approach is based upon the model of economic growth independently
derived bysRobert Solow and Trevor Swan (12, 13) in 1956. The use of this model was
proposed bysthe-World Health Organisation in 2009 as a way to promote awareness among
decision makers of the macroeconomic losses associated with disease (14). The model is
described 'in detail in Appendix 2 (published online only). It assuhaéan economy’s total

output is a function of capital accumulation, labour, the elasticity of output with respect to

capital and abour, and total factor productivity.

In the absence of stillbirth, our counterfactual estimatoéconomy’s total output,was a

function of the actual quantity of labour plus lives lost to stillbirth, and higher formation of
fixed capital.enabled by this increased output. Data used in the estimation of the Value of
Lost Output,secondary to stillbirth are summarised in Appendix 3 (published online only).
Using theAwsstralian Institute of Health and Welfare’s stillbirth rate of 7.1 per 1000 births

(22), we estimate a total of 2,193 stillbirths in Australia in the fiscal year ending June 2016.
The excess out-of-pocket health costs and government expenditure estimates are taken from
the first aimsof'this study.

Any attempt to estimate the value of lost output is sensitive to a number of inherent
assumptions associated with the methodology. These core assumptions must be kept in mind
when interpreting the results. It is assumed that any subsequent children born to parents who
have had astillborn child would have still been born if the stillborn child had been live born.
That is, any subsequent children are not ‘replacement' children. The value of lost output
approach estimates the lost outpua single, closed economy, and thus also assumes that the
stillborn “child will not be replaced in the economy by immigrating individuals, with
immigration policy being determined independently of stillbirth rates.

The underlying“uncertainty of each of the value of lost outpudel’s input parameters was
tested witheMonte Carlo simulations with random variation of model parameters in order to
provide confidence intervals for value of lost output estimation (23). Simulations (10,000
iterations) were conducted withuniform variation of the counterfactual population growth

rate (via the stillbirth rate), private and public capital investment rate, depreciation rate, and
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155 output elasticity with respect to capital and labour. Selected input parametersllowed to
156 vary within plus or minus 25% of their base values.

157 Value of Lost Welfare

158 The value of lost welfare approach (23), models the economic consequences of disease as the
159 present value of future social utility lost to morbidity and mortality. Following other studies
160 that have used the value of lost welfare approach (24-27), we utilise national estimates of the
161 ‘value of a'statistical life’ and ‘value of a statistical life year’ to approximate the total social

162 utility lost to stillbirth. Popularised by Schelling as a means to better account for social
163 preferencessinsthe consideration of public policy options (28), the value of a statistical life
164 represents society’s willingness to pay to reduce the average number of deaths in a given year

165 by one (29)The value of statistical life year may be calculated as an age-dependent function

166 of the amount of expected life remaining, as follows:

vsy SVsL( - ) (1)

er(current age — life expectancy) _ |

167 where VLSYjisithe Value of a Statistical Life Year, VSL is the Value of a Statisticalilife,
168 is the discountrate (24). For this analysis, the expected years of life remaining is equal to life

169 expectancy.at birth, currently 82.5 years (30).

170 Following”Aldy and Viscusi (31), we fitted\belson’s value of a statistical life (VSL.)
171 adjusted for inflation, to an ‘inverted ushape’ according to the following quartic function
172 (24):

VSL -f(a) = 19.41(0.236)* — 43.17(0.236)3 + 27.65(0.236)2

(2)
— 4.33(0.236) + 0.44

173 Research'has shown that the VSL/Y of children is at least that of an adult (32) (in Alkire et
174 al.,, 2015): _Wer therefore apply the lower bound estimate produced by equalion (2
175 (approximatelys$1.93m at age ~19) as the age-adjusted value of a statistical life of our target
176 cohort. Usingsthis value of a statistical life (VSL), we apply Equation 1 to derive a value of a

177 statistical lifetyear of approximately $63,000.
178 As the net present value of future utility lost to stillbirth, (VLW) may be expressed as

VLW = VSLY - YLL (3)
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where YLL is the total years of life lost, i.e., total stillbirth incidence times life expectancy at
birth. Data used in the estimation of VLW secondary to stillbirth are summarised in

Appendix 4 (published online only).

The predicted VLW is strongly tied to the underlying value of a statistical life/year used in its
estimation. Fitting Ableson’s (33) VSL to an inverse u-shape yields a base VSL substantially
lower than the ariginal, nofitted ‘peak value’—a difference of over $77,000. We therefore
present the VLW secondary to stillbirth usiA@leson’s unadjusted ‘peak value,” as well as

its corresponding loweeund, fitted value as our estimate’s upper and lower bounds,

respectively.

RESULTS

Direct health care costs

Between July 1, 2012 and June 30, 2015 there were 189,909 births across Queensland. Of
these, 189,811 "had complete information and were included in the study population. Of these
births, 1,271 (0.66%) were stillbirths, and 188,540 were live births. A total of 2,250 births
were matched by their propensity scerg, 125 stillbirths and 1,125 live births.

The average'cost to governments (Australian Federal and Statehe fatother’s health
service use (covering use of services covered under MBS, PBS, and public hospital inpatient
and emergeney department use) from birth through to two years postpartum for mothers who
had a stillbirth was $11,595; and $7,850 for mothers who had a live birth (Table 1). The
average difference for the matched pairs was $3,774. After adjusting for gestation at birth,
cost to governments for the health care of mothers who had a stillbirth was 42% higher than
mothers who had a live birth (p<.001). The average cost for hospital use (inpatient and
emergency.department) from birth through to two years postpartum for mothers who had a
stillbirth_was_$8,690; and $6,247 for mothers who had a live birth. After adjusting for
gestation.at-birth, cost to government for public hospital use was 36% higher (p=0.015) for

mothers whohad a stillbirth compared to mothers who had a live birth.

The average cost for the use of health services covered under the MBS from birth through to
two years postpartum for mothers who had a stillbirth was $2,905 and $1,602 for mothers
who had a live birth. The average cost for the use of health services covered under the PBS
from birth through to 2 years postpartum for mothers who had a stillbirth was $439, and $149
for mothers who had a live birth. After adjusting for gestation at birth, costs to government

for MBS use was 72% higher (p<.001) and cost for pharmaceuticals under the PBS was
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139% higher (p<.001) for mothers who had a stillbirth compared to mothers who had a live
birth.

For mothers who had a stillbirth, the average out of pocket expenditure for health service use
from birth through to two years postpartum was $1,479, and $844 for mothers who had a live
birth (Table 2). The average difference was $637. After adjusting for gestation at birth, total
out of pocket fees for mothers who had a stillbirth were 52% higher than mothers wao had
live birth (p<:001). The majority of this out of pocket expenditure was made up of MBS

service use:

The total cost to the Federal government, State government and individual women for the
health servicesuse of mothers who had a stillbirth was $13,513 between confinement and two
years post-partum, and $8,842 for mothers who had a live born baby. The incremental cost of
stillbirths was $4,701, which after adjusting for gestation at time of birth was 45% higher
than the costs of a live birth (p<.001).

Value ofllfost'Output

Based on.an estimated 2,193 stillbirths in 2015/16, we estimate approximately $898,000 and
$1,340,000 in total excess annual out-of-pocket expenditure and excess annual government
expenditure secondary to stillbirth, respectively. This excess expenditure is likely to have
reduced private investment in physical capital by approximately $207,000 per annum. Public
investment,in_physical capital is likely to have been reduced by approximately $594,000.
Taking intgraceount both the loss of life and related foregone capital investment, we estimate
a VLOwsecondary to stillbirth (2015-16) of approximately $73,800,000. Monte Carlo
simulations provide the upper and lower bounds of the 95% confidence interval of the
estimated VLO of $103,900,0@0d $44,000,000, respectively (Table 3).

Value of lost sacial utility

Adjusting for“inflation, Abelson’s ‘peak’ VSL in Australia of approximately $4,300,000
corresponds with a VSLY of approximately $141,000. Multiplying by an estimated 180,938
YLL (years of life lost to stillbirth) yields a VLW of approximately $25.4 billion in 2015-16.
Using the lower bound value of the fitted VSL of approximately $1.9m corresponds with a
VSLY of approximately $63,000 and a VLW of nearly $11.5b (2015-16). The midpoint
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(mean) of these estimates represents a VLW approximately $18.4b (2015-16). Results are
summarised in Table 4.

DISCUSSION

The aim of this study was to identify the costs of stillbirth, including both the direct health
care costs and the macroeconomic costs in Australia. Our study has shown that there is a
higher cost for a stillbirth compared with a live birth for almost all types of health service use
to both_the _Government and to individual mothers. The average additional cost, which
included these to the Governments and to individuals is $4,701 for a stillbirth event. We then
estimated the faellow-on macroeconomic costs that could accrue as a consequence of foregone
fixed capitalfermation as a result of these direct health care costs, in addition to the reduced
labour force due to the lost stillborn baby. This was estimated to be approximately $73.8
million annually. Due to the inherent assumptions associated with the value of lost output
methodology, these estimates should be considered with caution. Finally, we sought to
capture themvalue of lost welfare, that is, the net present value of the future earnings of
individuals-lest=to stillbirth in a given year, which we estimated to be between $11.5 billion
and $18.4billion in 2015-16. While these figures are not additive, together they provide

estimates of the range of costs incurred as a result of stillbirths in Australia.

The use of administrative data is a key strength of this study and it is a data source that has
not been previously harnessed for the quantification of direct health care costs involved in
this rare event. The use of administrative data allows all stillbirths within a defined
population-tesbe: identified and thus included in the estimation of costs, and also reduces the
potential for recall bias that can be introduced if patient surveys were utilized to identify
health service"use and cost (34). A key limitation of the first aim of this stadythe

reliance on data from one Australian state, Queensland, to make inferences about the costs of
stillbirth across Australia. An additional limitation was the exclusion of some health care
costs from_the administrative datasets utilised. The most important costs that were excluded
are those associated with post-mortem assessment, however costs associated with outpatient
public hospitals€are are also excluded. It has been estimated in a previous study that the
average cost of a stillbirth post-mortem assessment was $1,450 USD (in 2002 prices) (35). As

such, our study likely underestimates the direct health care costs of stillbirth.

The findings of this study have shown that the direct health care costs of stillbirth extend

beyond the time of pregnancy and birth, and out to at least two years postpartum. This could
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be explained by the higher costs associated with the management of subsequent pregnancies.
Women who have had a previous stillbirth are at greater risk of stillbirth in a subsequent
pregnancy (36). Care for subsequent births often entails more intensive surveillance during
pregnancy and birth including more frequent ultrasounds and involvement of specialist
medical "praectitioners, which come with greater costs. A review of the health care costs
associated with stillbirth and a subsequent pregnancy in England and Wales (37) reported that
women who had a previous stillbirth had higher total numbers of antenatal visits, which
ultimately led to higher costs associated with stillbirth than among mothers who had a healthy
baby. The extra costs rose to £4,654-5,616 per birth (10), with a total average annual cost to
the National Health Service (NHS) of £943,846,000 (38).

Health policy must ensure that detailed health service use data (including costs) are collected
to better understand the health service use of families affected by stillbirth. Doing so would
enable the. detection of inequality in access to health services and allow for better planning of
health care“services and resource allocation. Furthermore, knowing that the health care
journey for"mothers who experience stillbirth continues for at least 2 years postpartum
highlights ithe importance of bereavement and follow up care to ensure that woman-centred

care is provided well beyond the stillbirth event.

The impact that stillbirth has on the Australian economy is not widely recognised, and
nowhere “elsewhave the costs been estimated. This current study has responded to this
knowledge gap by demonstrating that significant costs to individuals, society and
governmentsrare experienced both through the direct costs to the health care system and the
follow-on impacts on the economy. The results highlight that the costs of stillbirth go beyond
the health sector and therefore require broad political attention. The sustained economic
impact of 'stillbirth means that potential resource savings could be generated from stillbirth
prevention. This, study not only demonstrates the economic impact of stillbirth but raises
awareness. of the severity of this underemphasised health outcome. Addressing the cost of
stillbirth knowledge gap is a key step towards facilitating decision-making to meet the goal
outlined in thesLancet Stillbirth Series to end preventable stillbirths by 2030 (39).
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Table 1: Mean costs to Federal and State governments associated with mother's health

service use for stillbirths and live births, Queensland, Australia 2@DA5.

Cost Stillbirth Liveborn Difference Linear regression
(n=1,159) (n=1,159) from matched model of log

pairs transformed cost

Mean+SD M ean+SD Mean+SD Par ameter p-
estimatefor  value

Stillbirth*
Total health serviceuse 11,59517,271  7,854t9,777  3,774:19,791 1.42 <.001
costs
Hospital costs
All hospital costs 8,690:16,521  6,2479,459  2,468:18,932 1.36 0.015
All hospital costs athirth  4,6776,183 4,732£5,400 -3448,149 1.04 0.818
All hospital costs'year 1  2,183t11,860 772+6,256 1,41313,454 2.13 0.007
All hospital costs year 2 1,829:5,054 742+2,737 1,089t5,675 2.56 0.003
Total inpatient costs 8,020+:15,290 5,8718,867 2,17117,575 1.34 0.033
Total ED costs 670t2,057 375998 292,261 1.54 0.070
MBS
All MBS costs 2,905:4,674 1,602t1,931  1,306t5,028 1.72 <.001
All MBS costs.at:birth A3HTT2 4114677 26+1,035 0.88 0.344
All MBS costs year 1 1,403:2,392 556758 848t2 541 2.35 <.001
All MBS costs year:2 1,065-2,546 636t1,176 431+2,789 1.75 <.001
PBS

All PBS costs 439%+3,938 149t687 290t3,987 2.39 <.001
All PBS costs at birth 14+156 8146 7+162 0.944 0.872
All PBS costs year 1 184+1,653 671t244 118t1,672 2.65 <.001
All PBS costs year 2 240+2,552 74+584 166+£2,600 2.36 0.006

*compared to live birth, adjusted for gestation at birth; exponentiated value presented.

MBS = Medicare_Benefits Schedule; PBS = Pharmaceutical benefits Scheme.
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Table 2: Mean costs to mothers associated with mother's use health services covered by MBS
and PBS and provided in private hospitals and funded by individuals, for stillbirths and live
births, Queensland, Australia 2022015.

Cost Stillbirth Liveborn Difference Linear regression
(n=1,159) (n=1,159) from model of log
matched transformed cost
pairs
Mean £SD Mean+SD Mean+ SD Parameter p-
estimatefor  value
Stillbirth*
All OOP costs (MBS, PBS and  1,479+3304 8441479  637+3575 1.52 <.001
Private Hospital)
MBS
All MBS OOP costs 1,348:3,200  747t1,432  602+3,458 1.55 0.019
All MBS OOP [costs at birth 289721 409t801 -119+1,054 0.63 0.108
All MBS OOP costs year 1 562t1,632 100297  463+1,666 4.25 <.001
All MBS OOP costs year 2 496+1,618 238t821  258t1,806 1.96 0.003
PBS
All PBS OOP costs 132259 97178 35+315 1.30 0.014
All PBS OOP costs.at birth 12+28 8t15 4+32 1.13 0.432
All PBS OOP costs year 1 64+136 46+92 18+165 1.34 0.023
All PBS OOP costs.year 2 56+135 43+94 13t164 1.29 0.088

*compared to'livetbirth, adjusted for gestation at birth; exponentiated value presented.

MBS = MedicareBenefits Schedule; PBS = Pharmaceutical benefits Scheme; OOP = out of pocket.
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Table 3. Value of lost output secondary to stillbirth, Australia, 2015-16

Parameter Source Value

Excess out-of-nocket expenditure Results of this studv $897.89:;
Excess aovernment expenditure Results of this studv $1.340.03
Foreaone private canital investment ABS 5204.0 $206.80.
Foreaone public cabital investment ABS 5204.0 $593.75:
Total output (observed) ABS 5209.0 $1.659.604r
Total output (counterfactual) ABS 5209.0 $1.659.678r
(M ean) valueof lost outpbut (VLO) Monte Carlo $73.951.867
Standard deviation Monte Carlo $15.295.37
Coefficientiof variation Monte Carlo .204

VLO. lowerandwupperbounds ~ $43,972,929 - $103,930.805

VLO = Value of lost eutput
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Table 4. Value of lost welfare secondary to stillbirth, Australia, 2015-16

Parameter Source Value
VSL. ‘peak value’ (2015-16) Abelson (2007) $897.89;
VSLY. ‘peak value’ (2015-16) Abelson (2007) $1.340.03

VSL. fittedi lower bound (2015-16)Abelson (2007); Aldv & Viscusi (2008 $206.80:
VSLY. fitted. lower bound (2015-1tAbelson (2007): Aldv & Viscusi (2008 $593.75;
(M ean) value oflost welfare $18.436.051.711

VLW, lower an n 114 22.269 - $ 2541 1.152
VLW = Value oflostwelfare; VSL = value of lost output; VSLY = value of lost social utility.
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