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Abstract

Objective: To describe the pharmacoepidemiology and costs associated with medi-
cations dispensed during pregnancy.

Design: Pharmacoepidemiological study and cost analysis.

Setting: Queensland, Australia.

Population: All women who gave birth in Queensland between January 2013 and
June 2018.

Methods: We used a whole-of-population linked administrative dataset, Maternity
1000, to describe medications approved for public subsidy that were dispensed to 255408
pregnant women. We describe the volume of medications dispensed and their associated
costs from a Government and patient perspective.

Main outcome measures: Prevalence of medication use; proportion of total dis-
pensings; total medication costs in AUD 2020/21 ($1AUD = $0.67USD/£0.55GBP in
December 2022).

Results: During pregnancy, 61% (95% CI 60.96-61.29%) of women were dispensed
at least one medication approved for public subsidy. The mean number of items dis-
pensed per pregnancy increased from 2.14 (95% CI 2.11-2.17) in 2013 to 2.47 (95%
CI 2.44-2.51) in 2017; an increase of 15%. Furthermore, mean Government cost per
dispensing increased by 41% from $21.60 (95% CI $20.99-$22.20) in 2013 to $30.44
(95% CI $29.38-$31.49) in 2017. These factors influenced the 53% increase in total
Government expenditure observed for medication use during pregnancy between
2013 and 2017 ($2,834,227 versus $4,324,377); a disproportionate rise compared with
the 17% rise in women's total out-of-pocket expenses observed over the same time-
frame ($1,880,961 versus $2,204,415).

Conclusions: Prevalence of medication use in pregnancy is rising and is associated
with disproportionate and rapidly escalating cost implications for the Government.

KEYWORDS
costs and cost analysis, dataset, demography, drugs, fetal, medication, obstetric, pharmaceutical
preparations, surveillance

1 | used during a pregnancy increasing from 2.5 in 1976-1978 to
4.21in2006-2008." As the average age of women at childbirth
Evidence suggests >80% of pregnant women take at least one  rises,” the incidence of maternal chronic disease is also ris-
medication during their pregnancy' * and this prevalencehas ~ ing.*® Some women enter pregnancy with chronic medical

increased over time, with the average number of medicines ~ conditions that require ongoing or episodic pharmacological
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treatment (e.g. asthma, epilepsy, depression) and other
women develop conditions during pregnancy that may re-
quire pharmaceutical intervention (e.g. iron deficiency anae-
mia, diabetes, pre-eclampsia). Prior studies reporting on the
epidemiology of pharmaceuticals used in pregnant women
have largely focused on European cohorts,”™ although
analyses have also been published on women in the UK,"
Australia,'®"” North America,*'®'* and Brazil,>***! and one
multinational study was also published in 2014.! Of these 16
studies, only seven (44%) were published in the last decade
and only one study” reported on the costs associated with the
medications prescribed.

Healthcare budgets are finite and the resources avail-
able to achieve positive health outcomes are limited,
therefore even when there are data to support the safety, ef-
ficacy and economic efficiency of medication use (known
information deficits for pregnant populations**?®), due
consideration must also be given to the opportunity cost
(the value foregone as a consequence of a resource not
being available for its best alternative use) associated with
implementation at scale.*® Increasing the proportion of
Government budgets that are spent on healthcare reduces
the proportion available for other societal priorities such
as education, housing and transportation. Rising health-
care costs can impact the economy, compromise patient
care and financial security, and impact patient access to
care.”” Evidence of the affordability, cost and value of
healthcare interventions is essential to inform national
health priorities and support the development of clinical
practice guidelines.

The objective of this study is to give an overview of the
pharmacoepidemiology and costs of prescription medi-
cations dispensed during pregnancy among a cohort of
Australian women, using a rich source of routinely collected
health information. More specifically, we aim to describe the
prevalence of medication use during pregnancy and identify
which medications are the greatest cost-drivers for total
expenditure from the perspective of both women and the
Government.

2 | METHODS

2.1 | Study design and population

This population-level observational study utilises an ex-
isting linked administrative dataset, Maternity1000,*
which contains information on 255408 women (328868
pregnancies) in Queensland, Australia, who gave birth
between 1 January 2013 and 30 June 2018 and their in-
fants. The data as of June 2018 were the latest data that
could be released by government data custodians to the
research team. For the study described in this paper, rou-
tinely collected information on all pregnant women and
their infants born (live births and stillbirths of =20 weeks’
gestation or >400g) during this timeframe were identi-
fied from the Queensland Perinatal Data Collection (PDC)

and records for mothers and children were then linked to
Pharmaceutical Benefits Scheme (PBS) claims & costs re-
cords between 1 September 2011 and 30 June 2018. Only
prescriptions that were dispensed under the funding provi-
sions of the Pharmaceutical Benefits Scheme were included.
Data were available for all medicines dispensed during the
antenatal period (i.e. including under co-payment dispens-
ings) for this population.®’ Births in all sectors (i.e. public
and private) were included in the analysis, with equal ac-
cess to PBS-subsidised prescriptions for public and private
patients provided they are entitled to Medicare benefits.
Patients are eligible for Medicare if they are an Australian
or New Zealand Citizen, an Australian permanent resident,
have applied for permanent residency, are a temporary res-
ident covered by a ministerial order, or are visiting from
a country with a Reciprocal Health Care Agreement.* In
Australia, medicines listed on the PBS can be dispensed to
patients at a Commonwealth Government subsidised price.
There were 906 different medicines listed on the PBS as of
30 June 2021.%* Patients pay a co-payment towards the cost
of each PBS-subsidised medicine. In 2022, general patients
pay up to $42.50 per item dispensed and concession card
holders pay up to $6.80 per item.** Births with an unknown
birth year (n=93) were excluded from our analysis.

Prescription drug use in pregnancy was defined for this
analysis as the dispensing of any PBS-listed medication (i.e.
a medication approved for public subsidy) to a woman after
day 30 of pregnancy up until the date of delivery. A diagram
showing the variables we used to define a dispensing that
occurred during pregnancy within our dataset is shown
in Figure S1. We excluded the first 30 days of pregnancy to
avoid misclassification of medications potentially dispensed
in the month prior to pregnancy.

Neither patients nor the public were involved in the devel-
opment of the dataset utilised for this study, or in the design
of the analyses (see Table S1 for GRIPP2-SF checklist). We
acknowledge the value that such engagement can divulge,
but we were unable to integrate this into our study. In ad-
dition, we were unable to incorporate a core outcome set, as
we primarily focus on dispensing data and associated cost
analyses, rather than health outcomes.

2.2 | Statistical analysis

Using the information contained within the Maternityl000
dataset, a pharmacoepidemiological analysis® was con-
ducted on the use of pharmaceuticals dispensed during
pregnancy. The unit of analysis for demographic data was
one pregnancy; therefore women may appear in the results
more than once if they had multiple pregnancies during the
timeframe analysed. We defined the first trimester as cov-
ering the period from 31days up to 13" weeks’ gestation;
second trimester as 14*"weeks to 27*®weeks’ gestation; and
third trimester as 28" weeks until the date of delivery. This
definition is aligned with that used by The American College
of Obstetricians and Gynecologists.’®
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Statistical analysis was conducted using SAS Version 9.4.
We used descriptive statistics to illustrate:

o the prevalence of pregnant women dispensed >1 PBS-
listed pharmaceutical throughout:

1. each trimester of pregnancy, and
2. the entire pregnancy;

o the most frequently dispensed medications (reported as
the number of dispensings for a given medication as a per-
centage of the total number of dispensings for all medica-
tions) in terms of:

1. pharmaceutical agents and
2. the World Health Organization's Anatomical Therapeutic
Chemical (ATC) Classification System37;

o which medications represent the greatest cost burden over
the study period for:

1. women (through out-of-pocket (OOP) payments) and
2. the Government (PBS subsidy amount).

Total medication costs can be calculated by adding pa-
tient costs (OOP payments) to Government costs (PBS sub-
sidy amount), therefore we have not explicitly presented or
discussed these in our analyses. Normal distributions were
assumed for all cost and count data, with 95% CI presented
for all mean values. Standard Wald confidence limits for
proportions were calculated for 95% CI reported for the
prevalence of women dispensed >1 PBS-listed medication
during pregnancy.

We conducted a sub-group analysis to investigate whether
there were any distributional effects according to the moth-
er's charging status (i.e. the type of ward accommodation
under which the mother elected to be admitted) - colloqui-
ally referred to as a public admission (universal healthcare
often fully paid by the government) and private admission
(combination of fees including private fees paid for by the
patient).

Within the dataset, date of delivery is only available as the
month and year of birth, with the date always listed as the
first of the month in an effort to maintain privacy. Sensitivity
analyses were conducted to test the robustness of our results
to different assumptions regarding date of delivery. We tested
two alternate scenarios: the assumed date of birth being the
end of the month and the assumed date of birth being the
15th of the month displayed in the dataset. The outcomes
tested in this analysis were the most frequently dispensed
medications and the medications that were the greatest cost-
burden for the Government. Kendall's coefficient of concor-
dance was calculated to determine whether rankings across
the three scenarios differed significantly.

Where total annual costs are calculated, data are only
presented graphically for women who gave birth from 2013
up until the end of 2017 to ensure a consistent balance in the
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number of pregnancies reported across the years, as a full cal-
endar year of data was not available for 2018. Therefore, the
costs of medications presented for the year 2013 refer to the
total cost of any PBS items dispensed during pregnancy to a
woman who gave birth in 2013 (i.e. not simply the items dis-
pensed during the 2013 calendar year). All cost data have been
adjusted for inflation using the Reserve Bank of Australia's
Inflation Calculator®® and are presented in constant prices;
2020/21 Australian Dollars ($1AUD =$0.67USD/£0.55GBP
in December 2022).

3 | RESULTS

3.1 | Demographics

Demographic characteristics for women in the dataset are
presented in Table 1. More than 98% of pregnancies were
singleton pregnancies, and 31% of all pregnancies were first-
time pregnancies. Almost 30% of women had a medical con-
dition diagnosed prior to or during pregnancy, with 20% of
women entering pregnancy with obesity. In addition, 70% of
women experienced a complication during their pregnancy.
Trends in demographic characteristics over time show the
mean age of pregnant women, mean body mass index (BMI)
at conception and the percentage of pregnant women with
a diagnosed medical condition or experiencing a complica-
tion during pregnancy have increased from 2013 to 2018 (see
Figure S2). A modified version of Table 1 is also reported in
Table S2, which incorporates the numbers and percentage of
missing data for each variable.

3.2 | Prevalence of at least one medication
approved for public subsidy being dispensed
during pregnancy

Across the analysis period (2013-2018), 61% (95% CI 60.96—
61.29) of pregnant women were dispensed >1 PBS-listed
medication during pregnancy (see Table S3). Prevalence in-
creased over the timeframe investigated and was marginally
higher during the first trimester than during the second or
third trimester.

3.3 | Medications dispensed in the greatest
volume during pregnancy

Table 2 shows that metoclopramide (11%), amoxicillin (10%)
and cefalexin (9%) were the three most commonly dispensed
medications. Antibacterials for systemic use were the most
frequently dispensed therapeutic class, making up 26% of all
mediations dispensed. Psychoanaleptics were the next most
common therapeutic class at just over 11% of all dispens-
ings, closely followed by drugs for functional gastrointes-
tinal disorders (11%), which incorporates metoclopramide
dispensings.
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TABLE 1 Characteristics of pregnant women, Queensland,
Australia, 2013-2018%.

Maternal characteristics Number (n) Percentage (%)
Plurality
Singleton 323912 98.49
Multiple 4956 1.51
Maternal age
<20 9151 2.78
20 to <35 245202 74.56
=235 74515 22.66
Gravidity
First pregnancy (primigravida) 100568 30.58
Not first pregnancy (multigravida) 228297 69.42
Country of birth
Australia 240515 73.14
Other 88336 26.86
Indigenous status
Yes 19231 5.85
No 309623 94.15
Funding for antenatal care
Public 226817 69.11
Private 101372 30.89
Smoking status
Before 20 weeks
Yes 38865 11.85
No 289044 88.15
After 20 weeks
Yes 31396 9.59
No 296042 90.41
Body mass index (BMI) category®
Underweight 18196 5.61
Healthy weight 168251 51.87
Overweight 74210 22.88
Obese 63700 19.64
Medical conditions*
Yes 97403 29.62
No 231457 70.38
Pregnancy complication?
Yes 230200 70.00
No 98661 30.00
Assisted reproductive technology (ART)
Yes 17371 5.28
No 311489 94.72
Born alive
Yes 327278 99.52
No (stillbirth) 1590 0.48
Total number of pregnancies® 328868 100

“Data only available for births up until 30 June 2018.
PBMI calculation uses the self-reported weight of the mother in the 4-6 weeks prior
toorat conception‘46

TABLE 1 (Continued)

Pre-existing maternal conditions, diseases or illnesses (e.g. hypertension, diabetes)
and other conditions, diseases or illnesses that arise during the current pregnancy.
Conditions included here are not directly caused by the pregnancy but may
influence pregnancy care.*®

dComplications of pregnancy that arise prior to the initiation of labour or birth.
Conditions included here are directly caused by the pregnancy and may influence
pregnancy care."®

“Sum of observations for each category does not always equal the total due to
missing data for some variables.

3.4 | Medications that cost the most
during pregnancy

For women who gave birth in 2017, the Government spent
more than $4.32 million (AUD 2020/21) on PBS-listed medi-
cations dispensed during pregnancy (see Table 3). Total
Government cost increased rapidly over the timeframe ana-
lysed. Total out-of-pocket expenses for pregnant women also
increased over the period analysed, albeit at a slower rate
(see Figure 1 for graphical representation of the results). This
indicates a trend towards more expensive drugs (i.e. drugs
with a total cost above the patient co-payment) being dis-
pensed over time.

In terms of individual medications, Table 4 shows that
women spent the greatestamount of money on the antiemetic
metoclopramide and the anticoagulant/antithrombotic
agent enoxaparin sodium, which was also the medication
that the Government spent the greatest amount of money on.
Medications representing the highest out-of-pocket costs to
women were approximately in line with volume of use, with
80% of the top 20 most frequently dispensed medications
also being listed in the 20 highest total cost contributors for
women's OOP expenditure. Antibacterials for systemic use
and psychoanaleptics contributed both the greatest volume
and cost to women in terms of therapeutic class (Tables 2
and S4).

Injectable agents featured heavily as high total cost items
for the Government, with eight of the top ten pharmaceuti-
cal agents being injectables (see Table 4). In addition, insulin
preparations accounted for four of the ten highest cost phar-
maceuticals to the Government. Accordingly, antidiabetic
therapies are the largest cost-contributor to the Government
in terms of therapeutic category (see Table S4). More than
half of total Government expenditure on PBS-listed phar-
maceuticals for pregnant women were attributable to only
nine pharmaceutical agents (see Table 4).

3.5 | Medication expenditure during
pregnancy for women electing to be admitted as
a public versus private patient

Table 3 shows that Government expenditure per prescription
and per pregnancy (on medication) is increasing at a more
rapid rate for women who elect private obstetric care ver-
sus those who elect public obstetric care (refer to Figure S3
for graphical representation of results). This is despite a
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FIGURE 1 Total annual cost of PBS-listed medications dispensed during pregnancy to both patients and the Government, 2013 to 2017, in constant

prices (AUD 2020/21).

very modest increase in the mean number of PBS-listed
prescriptions dispensed per pregnancy for private versus
public patients. The average patient out-of-pocket costs per
pregnancy are far greater for women whose antenatal care
is funded privately (private=$52.85 versus public=$32.92
in 2018), although this is influenced by a larger proportion
of concession card holders being cared for publicly (private:
general =93% versus concession =7%; public: general =54%
versus concession=46%) and therefore a lower average pa-
tient contribution to the cost per dispensing, as shown in
Table 3.

3.6 | Sensitivity analyses

When the assumed date of delivery was altered to the 15th
of the birth month rather than the Ist of the month supplied
in the dataset, 18 of the 20 most frequently dispensed phar-
maceutical agents during pregnancy in the primary analysis
remained in the top 20. The same was true for the 20 medica-
tions that contributed the greatest total cost to Government
expenditure, as shown in Tables S5 and S6. Modifying the
assumption to the date of delivery being the end of the birth
month showed that 17 of the 20 most frequently dispensed
pharmaceutical agents remained in the top 20. In terms of
total Government expenditure, 18 of the top 20 pharma-
ceuticals remained in the top 20. Calculation of Kendall's
coefficient of concordance revealed significant agreement
between the rankings shown in each scenario (frequency of
dispensing: W=0.90, p <0.0001; total Government expendi-
ture: W=0.94, p<0.0001). The sensitivity analyses therefore
show the results are robust to reasonable changes in the as-
sumed date of delivery.

4 | DISCUSSION

4.1 | Main findings

Overall, six in every ten pregnant women were dispensed
at least one prescription medication during pregnancy and
prevalence increased over time. Government expenditure on
medications for pregnant women is rising at a rapid rate in
comparison with patient out-of-pocket expenditure, with al-
most one-third of total Government costs being attributed to
only three patented, injectable pharmaceuticals - enoxaparin
sodium, ferric carboxymaltose and insulin aspart. The aver-
age number of PBS-listed medications dispensed per preg-
nancy increased from 2.1 to 2.5 between 2013 and 2018, with
an incongruent rise observed for Government expenditure
on medication per pregnancy, rising from $46 to $84 over
the same time. That is, the rate of increase in Government
costs was five times the rate of increase in quantity of items
dispensed (per woman).

4.2 | Interpretation

Other studies that have examined prescription medica-
tion use during pregnancy have shown similar prevalence
rates, with a Norwegian study12 reporting a 60% preva-
lence and a Danish study" reporting 66%. In terms of
therapeutic classes, a 2018 study by Haas et al.” reported
findings similar to ours, with gastrointestinal or an-
tiemetic agents, antibiotics and analgesics being the most
frequently prescribed therapeutic classes. An Australian
pharmacovigilance study based on above co-payment dis-
pensing data'® also reported similar dispensing patterns,
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with a slightly higher dispensing rate shown for psycho-
analeptics. Our study is the first to report on the cost
burden of pharmaceuticals and therapeutic classes dis-
pensed during pregnancy. We are only aware of one small
study in Brazil that has analysed the costs associated with
medication use in 47 pregnant women, reporting only the
mean cost of medication per pregnancy (equivalent to
$61.83 AUD 2020/21).>

We hypothesise that the disproportionate rise in
Government expenditure compared with women's out-
of-pocket expenditure seen in our analysis is influenced
by newer, more expensive drugs being prescribed more
frequently. Ferric carboxymaltose is an example of this
phenomenon, with prescription of this drug increasing ap-
proximately five-fold from 2013 to 2017, and total annual
expenditure on intravenous iron therapies for women of re-
productive age increasing 35-fold over the same timeframe.*
As the policy landscape changes to accommodate the testing
of new and existing medications in pregnant populations, we
expect to see newer medications prescribed more frequently,
inevitably leading to rises in the mean cost per dispensing
in this population. Nonetheless, significant improvements
in health outcomes for women and their children are also
expected, leading to efficiency gains in the delivery of health
care.

Total annual Government expenditure on PBS-listed
medications dispensed during pregnancy increased by more
than 50% in real terms from 2013 to 2017. This is twice the
increase observed across the entire PBS from 2012/2013 to
2016/2017 (25%).***! The rate of increase in Government
expenditure was also shown to be higher for women who
elect private obstetric care as opposed to publicly funded
obstetric care. The results also indicate that women who
elect privately funded care (versus public) may be prescribed
newer, more expensive drugs at a higher rate, where a larger
proportion of the cost of medications are borne by the
Government. This could indicate equity issues surrounding
access to newer medications during pregnancy for women of
lower socio-economic status and warrants further research.
Further studies are also required to determine whether the
observed increase in expenditure corresponded to improved
health outcomes. Such analyses were outside the scope of
this paper.

Patient co-payments for PBS-listed medications mean
that high-volume medications aren’t always a high cost-
burden to the Government (e.g. metoclopramide). Volume
of use, price per dispensing, mode of administration and the
availability of generic alternatives all influence the likelihood
of a medication being a cost burden to the Government. In
addition, multiple other factors influence changes in dis-
pensing patterns and costs over time, including changes in
therapeutic guidelines (in particular for diabetes®?), alter-
ations to pregnancy safety classifications, the inclusion of
new medications/new listings on the PBS and the proportion
of concessional patients in the community. Investigation of
the influence of each of these factors on the results reported
were outside the scope of this paper.

2 O An International Journal of
J Obstetrics and Gynaecology

Interestingly, ondansetron was shown to be the tenth most
frequently dispensed medication despite not being formally
approved for use outside of cancer chemotherapy under the
funding provisions of the PBS. This may indicate that PBS
‘leakage’ or upward prescribing is a common phenomenon
within the antiemetic and antinauseant therapeutic cate-
gory, whereby medical practitioners prioritise the clinical
need of the patient and protection of the doctor-patient re-
lationship over subsidy restrictions.*” This observation has
been previously reported by Colvin et al.,** who describe the
circumstances surrounding these PBS-funded dispensings
in greater detail.

4.3 | Limitations

The limitations associated with analyses that utilise health-
care databases are well-known'>** and are applicable to
this study. First, there are difficulties in accurately defining
medications that were consumed during pregnancy, as we
did not have the exact date of delivery (a privacy protection
mechanism). Sensitivity analyses showed our primary re-
sults were robust to reasonable variations surrounding the
assumed date of delivery. Secondly, we acknowledge that
the date of dispensing and the date women take medica-
tions are not necessarily the same - particularly for drugs
used as episodic treatment. For our analyses, we necessarily
assumed that when a medication was dispensed it was also
taken on the same date, as there was no way of confirming
when (or whether) a medication was actually taken. It is also
possible that medications may have been dispensed prior to
conception, yet taken during pregnancy. Thirdly, drugs may
have been prescribed for indications outside of their ATC-
assigned classification (e.g. valproate prescribed for bipolar
disorder rather than epilepsy), therefore there may be inac-
curacies in the results reported. Fourthly, this study does not
report on all medications supplied to women during preg-
nancy. We did not analyse data relating to:

1. non-PBS funded prescription medications (including
medicines dispensed in a hospital inpatient setting,
private prescriptions, over-the-counter medications, vi-
tamins or herbal supplements);

2. PBS-listed items dispensed to pregnant women who expe-
rienced a miscarriage or termination of pregnancy prior to
20weeks of gestation;

3. dispensings relating to pregnancies where the PDC-PBS
link was not successful (1n=187);

4. dispensings associated with deliveries where the birth year
was unknown (n=93);

5. items dispensed during the first 30 days of pregnancy.

Consequently, it is likely that our analysis underestimates
the true prevalence of medication use during pregnancy, vol-
ume of dispensings, and total costs associated with PBS-listed
medications. Finally, our analysis has not incorporated an as-
sessment of the incidence of any positive or negative health
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outcomes linked to consumption of medications; that is, there
has been no assessment of the value arising from the medi-
cations dispensed. Rather, our analysis serves as a precursor
to these types of full economic evaluations, highlighting the
therapeutic areas and medications that may require more
thorough assessment regarding economic efficiency and cost
containment.

5 | CONCLUSION

Medication use during pregnancy is common and has ris-
ing cost implications for women and rapidly escalating cost
implications for the Government. Increases in out-of-pocket
expenses and apparent disparities in access to newer medi-
cations between public and private patients reveal issues
surrounding equity of access to medications within this
population, and warrant further research.
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