PLOS GLOBAL PUBLIC HEALTH

Check for
updates

G OPEN ACCESS

Citation: Bautista K, Lee Y-F(Ashley), Higgins CR,
Procter P, Rushwan S, Baidoo A, et al. (2024)
Modeling the economic burden of postpartum
hemorrhage due to substandard uterotonics in
Ghana. PLOS Glob Public Health 4(6): €0003181.
https://doi.org/10.1371/journal.pgph.0003181

Editor: Sheetal Prakash Silal, University of Cape
Town, SOUTH AFRICA

Received: October 3, 2023
Accepted: April 9, 2024
Published: June 20, 2024

Copyright: © 2024 Bautista et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: The activities in this project were
supported by funding from MSD, through its MSD
for Mothers initiative and are the sole responsibility
of the authors. MSD for Mothers is an initiative of
Merck & Co., Inc., Rahway, NJ, U.S.A. This project
was also supported by the Global Financing Facility
of the World Bank, and the Johnson and Johnson
Foundation. The views expressed herein are those

RESEARCH ARTICLE

Modeling the economic burden of
postpartum hemorrhage due to substandard
uterotonics in Ghana

Kiara Bautista', Yi-Fang (Ashley) Lee®', Colleen R. Higgins', Petra Procter?,
Sara Rushwan?, Abraham Baidoo 3, Kofi Issah®?, Chris Opoku Fofie®?3, A.
Metin Giilmezoglu?, Lester Chinery?, Sachiko Ozawaq'**

1 Division of Practice Advancement and Clinical Education, UNC Eshelman School of Pharmacy, University
of North Carolina, North Carolina, Chapel Hill, United States of America, 2 Concept Foundation, Geneva,
Switzerland, 3 Ghana Health Service, Accra, Ghana, 4 Department of Maternal and Child Health, UNC
Gillings School of Global Public Health, University of North Carolina, North Carolina, Chapel Hill, United
States of America

* ozawa@unc.edu

Abstract

Uterotonics are essential in preventing postpartum hemorrhage (PPH), the leading direct
cause of maternal death worldwide. However, uterotonics are often substandard in low- and
middle-income countries, contributing to poor maternal health outcomes. This study exam-
ines the health and economic impact of substandard uterotonics in Ghana. A decision-tree
model was built to simulate vaginal and cesarean section births across health facilities,
uterotonic quality and utilization, PPH risk and diagnosis, and resulting health and economic
outcomes. We utilized delivery data from Ghana’'s maternal health survey, risks of health
outcomes from a Cochrane review, and E-MOTIVE trial data for health outcomes related to
oxytocin quality. We compared scenarios with and without substandard uterotonics, as well
as scenarios altering uterotonic use and care-seeking behaviors. We found that substan-
dard uterotonic use contributes to $18.8 million in economic burden annually, including $6.3
million and $4.8 million in out-of-pocket expenditures in public and private sectors, respec-
tively. Annually, the National Health Insurance Scheme bears $1.6 million in costs due to
substandard uterotonic use. Substandard uterotonics contribute to $6 million in long-term
productivity losses from maternal mortality annually. Improving the quality of uterotonics
could reduce 20,000 (11%) PPH cases, 5,000 (11%) severe PPH cases, and 100 (11%)
deaths due to PPH annually in Ghana. Ensuring the quality of uterotonics would result in mil-
lions of dollars in cost savings and improve maternal health outcomes for the government
and families in Ghana. Cost savings from improving uterotonic quality would provide finan-
cial protection and help Ghana advance toward Universal Health Coverage.

Introduction

Uterotonic medications reduce the risk of postpartum hemorrhage (PPH), the leading cause of
direct maternal deaths worldwide. A third of global maternal deaths are attributed to obstetric

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003181  June 20, 2024 1/18


https://orcid.org/0000-0001-8648-9465
https://orcid.org/0009-0006-5529-8811
https://orcid.org/0009-0004-8387-3292
https://orcid.org/0000-0003-1490-3289
https://orcid.org/0000-0001-7608-9038
https://doi.org/10.1371/journal.pgph.0003181
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0003181&domain=pdf&date_stamp=2024-06-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0003181&domain=pdf&date_stamp=2024-06-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0003181&domain=pdf&date_stamp=2024-06-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0003181&domain=pdf&date_stamp=2024-06-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0003181&domain=pdf&date_stamp=2024-06-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0003181&domain=pdf&date_stamp=2024-06-20
https://doi.org/10.1371/journal.pgph.0003181
http://creativecommons.org/licenses/by/4.0/

PLOS GLOBAL PUBLIC HEALTH

Burden of substandard uterotonics in Ghana

of the authors and do not necessarily reflect the
official policy or position of funding organizations.

Competing interests: The authors have read the
journal’s policy and have the following competing
interests: PP, SR, AMG, and LC are employed by
Concept Foundation. Concept Foundation is
supporting the registration of heat-stable
carbetocin in low and middle-income countries,
under a service contract with Ferring
Pharmaceuticals. This does not alter our adherence
to PLOS ONE policies on sharing data and
materials.

hemorrhage [1, 2]. PPH affects 14 million women each year and leads to more than 70,000
maternal deaths annually [1, 3]. The majority of maternal deaths attributed to PPH (about
99%) occur in developing countries, with two-thirds of maternal deaths occurring in Sub-
Saharan Africa [1]. The World Health Organization (WHO) recommends prophylactic utero-
tonics to prevent PPH during the third stage of labor [4, 5].

The problem is that uterotonics have been found to have some of the highest failure rates
through quality testing among essential medicines in low- and middle-income countries
(LMICs) [6-9]. A 2016 systematic review of oxytocin samples in LMICs found a high preva-
lence of substandard oxytocin especially in Sub-Saharan Africa [6]. A 2020 systematic review
found that 75% of ergometrine samples and nearly 45% of oxytocin and misoprostol samples
failed quality tests in LMICs [6, 7].

Substandard medicines fail to meet either their quality standards or specification, or both
[10], as a result of poor manufacturing, shipping or storage conditions, or when the drug is
sold beyond the expiration date. Substandard medicines are detrimental to health systems
because they divert resources to ineffective therapies, which lead to medical complications and
prolonged illnesses [8]. In addition to negative impacts on population health, substandard
medicines negatively impact economies [11]. Consumers and health centers are burdened
with the cost of resources wasted on ineffective treatments, and treating additional complica-
tions caused by substandard medicines [11, 12]. Governments, companies, and society as a
whole are burdened with decreased economic productivity resulting from prolonged illnesses
and reduced output and tax revenues [11, 12].

Despite the threat of substandard uterotonics on health outcomes, there are currently no
studies that have estimated the resulting economic burden, which can lead to underinvestment
in methods to prevent maternal mortality. One of the goals of Universal Health Coverage
(UHC) is to protect patients from financial hardship that results from payment for medical
care. By incorporating medicine quality assurance, the government can protect populations
from the cost of additional care incurred by utilization of substandard medicines and extend
UHC [13]. This case study focuses on Ghana, where substandard uterotonics and high mater-
nal mortality have been documented [7, 14]. This study examines the health and economic
impact of substandard uterotonics in Ghana examining the burden on the government, health-
care providers, and families.

Materials and methods
Decision tree model structure

A decision tree model was built to demonstrate the impact of substandard uterotonics. Fig 1
presents the model structure, beginning with an annual estimate of the number of birthing
mothers in Ghana. A detailed illustration of the decision tree model is included in S1 Fig. We
simulated 100,000 mothers and multiplied the results to estimate population-level counts.
Birthing mothers in the simulation faced a probability of a location of delivery (i.e. public hos-
pital, public primary health care facility, private hospital, or home) and mode of delivery (i.e.
vaginal or cesarean section). To capture some of the heterogeneity across the population,
maternal background characteristics (i.e. age, region, urban/rural residence, wealth quintile
and education) were incorporated to represent the distribution of birthing mothers across
places and modes of delivery [15]. We simulated that for PPH prevention, some mothers
received quality uterotonics, other mothers utilized substandard uterotonics, while the remain-
der of mothers did not receive prophylactic uterotonics. Those in the decision tree branches
that received PPH prophylaxis received either oxytocin only, or oxytocin along with misopros-
tol. Based on the place/mode of delivery and uterotonic use, mothers faced the risk of PPH
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occurring, followed by the possibility of further treatment with uterotonics, blood transfusions,
or postpartum surgery. Mothers with severe PPH faced the probability of death from PPH.
The resulting health outcomes were summed throughout the model. Costs of care along with
productivity losses due to maternal deaths were estimated. We followed the Consolidated
Health Economic Evaluation Reporting Standards 2022 (CHEERS2022) checKklist in reporting
our study (S1 Table).

Data inputs

We identified relevant literature including manuscripts, reports, and treatment guidelines to
inform our model inputs. We collected data on utilization of uterotonics, their quality, and
PPH associated costs in Ghana. Searches were conducted primarily through PubMed and sup-
plemented by Google and ISI Web of Knowledge. Iterations of search terms such as “utero-
tonics,” “maternal mortality,” “postpartum hemorrhage,” “utilization,” “costs,” “quality,” and
“Ghana” were applied. Institutional websites of the World Health Organization (WHO),
United Nations (UN), United Nations Children’s Fund (UNICEF), the World Bank, Ghana
Ministry of Health and National Medicine Regulatory Authority sites, and Ghana’s latest
Maternal Health Survey (MHS) data were also utilized [15].

Table 1 presents key data inputs for the model. Birth rate and maternal mortality rate data
was extracted from the UN population projections and WHO’s summary of trends in maternal
mortality [14, 16]. Data for life expectancy and gross domestic product (GDP) per capita were
abstracted from the World Bank [17, 18]. The proportion of severe PPH cases at home being
referred to health facilities was assumed using data from the 2011 Ghana Emergency Obstetric
and Newborn Care National Report [19]. Demographic information about women’s age,
region of residence, wealth quintile, education, rurality, and National Health Insurance
Scheme (NHIS) status was pulled from Ghana’s 2017 MHS [20]. The MHS data was also used
to abstract the likelihood of women delivering at different facilities based on age, region,
urban/rural residence, wealth quintile, education, and NHIS status. Oxytocin and misoprostol
were modeled as these uterotonics were primarily utilized for prevention of PPH in Ghana
[21]. Data from a recent Cochrane Review was used to calculate transition probabilities of
PPH-related health outcomes [22]. PPH was defined as birthing mothers experiencing blood
loss of 500 mL or more (PPH >500 ml), and severe PPH with blood loss of 1000 mL or more
(PPH >1000 ml). Probabilities of health outcomes varied by modes of delivery (vaginal or c-
section) and PPH prophylaxis regimens [22]. The baseline prevalence of substandard oxytocin

» « » <« » « » « » «
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Table 1. Key Ghana model data inputs.

Parameter variable Unit Value (Uncertainty range) Source
Demographics
Total population 32,833,031 UN
Birth rate Per 1,000 people 29 UN [16]
Maternal mortality rate Per 100,000 live 263 UN WHO [14]
births
Mean age of maternal death Years 26.5 Gumanga [30]
Life expectancy at birth, female Years 66 World Bank [18]
GDP per Capita USD 2,363 World Bank [17]
Population Characteristics
Region and NHIS status Urban | Rural | NHIS Covered NHIS Not
Covered
Western % 66 34 45 55 MHS [20]
Central % 82 18 39 61
Greater Accra % 92 8 36 64
Volta % 55 45 40 60
Eastern % 16 84 57 43
Ashanti % 82 18 41 59
Brong Ahafo % 61 39 54 46
Norther % 44 56 55 45
Upper East % 43 57 54 46
Upper West % 42 58 60 40
Wealth Quintile Urban Rural
Poorest | % 7 34 MHS [20]
Poorer | % 13 23
Middle | % 17 19
Richer | % 26 16
Richest | % 36 8
Care-seeking locations and birth methods by mother’s characteristics
Rurality Urban Rural
Public Hospital and Vaginal birth | % 42 29 MHS [20]
Public Hospital and C-section | % 13 7
PHCF and Vaginal birth | % 17 26
Private Hospital and Vaginal birth | % 12 5
Private Hospital and C-section | % 3 1
Home | % 15 31
Wealth Quintile Poorest | Poorer | Middle | Richer Richest
Public Hospital and Vaginal birth | % 20 34 43 47 43 MHS [20]
Public Hospital and C-section | % 4 7 10 13 19
PHCF and Vaginal birth | % 28 24 23 17 11
Private Hospital and Vaginal birth | % 3 5 7 11 18
Private Hospital and C-section | % 0.3 1 2 6
Home | % 44 30 17 10 3
NHIS Coverage Status Covered Not Covered
Public Hospital and Vaginal birth | % 40 34 MHS [20]
Public Hospital and C-section | % 12 8
PHCF and Vaginal birth | % 22 20
Private Hospital and Vaginal birth | %
Private Hospital and C-section | %
Home | % 17 26
(Continued)
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Table 1. (Continued)

Parameter variable Unit Value (Uncertainty range) Source
Proportion of diagnosis with PPH % 44 Valdes et al. [28]
Proportion of referrals among severe PPH from % 47 Ghana EmONC National Report
home and PHCF [19]
Utilization of Uterotonics Baseline
Oxytocin % 34 E-MOTIVE Trial [24]
Oxytocin plus Misoprostol % 66
No uterotonics given % 0
Proportion of substandard uterotonics
Public sectors Private sectors
Oxytocin % 53 58 Karikari et al. [23]
Misoprostol % 38 32 Torloni et al. [7]
Oxytocin Dose
Substandard Quality assured oxytocin
oxytocin
10 IU 69.2% 99.6% E-MOTIVE Trial [24]
20 IU 29.8% 0.0%
301U 1.0% 0.4%
Risk of health outcomes
Oxytocin + Misoprostol Vaginal birth C section
PPH >500ml 0.085 (0.071- 0.423 (0.35-0.519) Gallos et al. [22]
0.105)
PPH >1000ml 0.025 (0.02- 0.124 (0.088-0.129)
0.029)
Oxytocin Vaginal birth C section
PPH >500ml 0.122 (0.11- 0.604 (0.544-0.664)
0.134)
PPH >1000ml 0.03 (0.027- 0.133 (0.12-0.146)
0.033)
Misoprostol Vaginal birth C-section
PPH >500ml 0.157 (0.141- 0.132(0.119-0.145)
0.173)
PPH >1000ml 0.044 (0.04- 0.036 (0.032-0.04)
0.048)
Carbetocin Vaginal birth C-section
PPH >500ml 0.087 (0.078- 0.435 (0.392-0.479)
0.096)
PPH >1000ml 0.026 (0.023- 0.116 (0.104-0.128)
0.029)
No prophylactic uterotonics Vaginal birth
PPH >500ml 0.241 (0.193-
0.289)
PPH >1000ml 0.05 (0.038—
0.058)
Risk of PPH quality assured vs. substandard uterotonics
PPH >500ml Risk Ratio 1.29 E-MOTIVE Trial [24]
PPH >1000ml Risk Ratio 1.26
Proportion of receiving additional uterotonics treatment among diagnosed PPH
quality assured uterotonics | % 70 Calibrated based on E-MOTIVE
substandard uterotonics | % 74 Trial [24]

Proportion of receiving additional uterotonics treatment among undiagnosed PPH

(Continued)
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Table 1. (Continued)

Parameter variable Unit Value (Uncertainty range) Source
quality assured uterotonics | % 35 Assumption
substandard uterotonics | % 37
Proportion of blood transfusion among diagnosed PPH
quality assured uterotonics | % 23 Calibrated based on E-MOTIVE
substandard uterotonics | % 39 Trial [24]
Proportion of blood transfusion among undiagnosed PPH
quality assured uterotonics | % 11 Assumption
substandard uterotonics | % 20
Out-of-pocket costs to women and their families (2021 USD)
Public hospital
Vaginal birth KOL Opinion
No PPH | USD 172.24
Mild PPH | USD 258.37
Severe PPH without surgery | USD 516.73
Severe PPH with surgery | USD 775.10
C-section
No PPH | USD 344.49
Mild PPH | USD 430.61
Severe PPH | USD 516.73
PHCF
Vaginal birth
No PPH | USD 134.57
Mild PPH | USD 201.85
Severe PPH without surgery | USD 403.70
Private hospital
Vaginal birth
No PPH | USD 595.70
Mild PPH | USD 975.38
Severe PPH without surgery | USD 1,621.29
Severe PPH with surgery | USD 2,879.30
C-section
No PPH | USD 1,242.60
Mild PPH | USD 1,622.28
Severe PPH | USD 1,837.58
Costs to National Health Insurance Scheme (2021 USD)
Vaginal birth
No PPH | USD 66.03 National Health Insurance
Mild PPH | USD 131.78 Authority [29]
Severe PPH without surgery | USD 131.78
Severe PPH with surgery | USD 376.61
C-section
No PPH | USD 152.55
Mild PPH | USD 218.29
Severe PPH | USD 218.29

C-section = Caesarean section; IU = international unit; KOL = Key Opinion Leader; MHS = Maternal Health Survey; PHCF = Primary health care facility;
PPH = postpartum hemorrhage; UN = United Nations; USD = United States dollars; WHO = World Health Organization.

https://doi.org/10.1371/journal.pgph.0003181.t001
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in Ghana was extracted from a 2013 post-market quality surveillance study of oxytocin on the
Ghanaian market conducted by the Ghana Food and Drugs Authority (FDA), Laboratory Ser-
vices Department, and Promoting the Quality of Medicines Program [23].

Data relating PPH outcomes with oxytocin quality and uterotonic utilization were extracted
from the E-MOTIVE trial [24-26]. The E-MOTIVE trial is a randomized multicenter trial that
examines the early detection of PPH and treatment using a calibrated blood-collection drape
and a bundle of first response treatments in four LMICs [25-27]. The trial estimated the risk
of PPH >500 ml and PPH >1000 ml occurring among mothers delivering at facilities that uti-
lize quality and substandard uterotonics [24-26]. To estimate additional treatments and blood
transfusions resulting from PPH, we calibrated the model using data collected from the
E-MOTIVE trial [24-26, 28]. To do this, we ran the model 1,000 times using a range of inputs
for the risk of each outcome, and chose the inputs that came closest to the rates seen in the
E-MOTIVE trial [24, 26]. Our resulting inputs produced outputs that are within our target
threshold of 10%. The number of doses of oxytocin used per patient in facilities that utilized
quality oxytocin and those with substandard oxytocin were abstracted from the E-MOTIVE
trial [24-26]. Differences were found between reported and projected cases of PPH due to
trends in care seeking and reporting [28], so inputs were classified based on whether the PPH
cases were diagnosed or not.

Key opinion leaders from Ghana provided information regarding the utilization of utero-
tonics, current practice on maternal care, and healthcare expenditures related to PPH that
were unable to be retrieved from the literature. The names of key opinion leaders are noted in
the acknowledgements. Additionally, we collected data on the costs incurred by NHIS from
the National Health Insurance Authority report on NHIS tariffs paid to tertiary hospitals to
treat PPH cases [29]. The baseline model was validated against existing data on PPH cases and
deaths [20, 25].

Model outputs

The primary model outputs are estimates of the health impact, economic impact, and UHC
outcomes attributable to the use of substandard uterotonics in the third stage of labor. The
number of PPH, severe PPH, additional uterotonic treatment, blood transfusions, maternal
deaths, and years of life lost (YLL) due to PPH are reported. The economic impact (in 2021
$USD) includes estimates of the overall annual burden of PPH, out-of-pocket (OOP) costs in
public sectors, OOP costs in private sectors, costs borne by NHIS, and long-term productivity
losses. OOP costs were estimated from hospital charges, including charges for medications,
blood transfusions, and other surgery procedures. These hospital charges informed the esti-
mates of the expenses that patients were paying or being charged. Productivity losses were esti-
mated using years of life lost from maternal death from PPH multiplied by the annual GDP
per capita discounted at 3% [30]. UHC related outcomes from the perspectives of families,
healthcare providers, and governments were estimated. For families, these outcomes included
the number of mothers receiving substandard uterotonics, number of cases of PPH and severe
PPH receiving substandard uterotonics, and number of maternal deaths due to PPH that
could be averted by using quality uterotonics. UHC outcomes for healthcare providers
included estimates of additional oxytocin doses saved and numbers of blood transfusions
averted by using quality uterotonics. UHC outcomes for payors referred to costs from addi-
tional treatments, blood transfusions, and other related commodities due to substandard
uterotonics that are paid for by insurance from NHIS. UHC outcomes for the government
included the percent of cases of PPH receiving substandard uterotonics, percent of cases of
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severe PPH receiving substandard uterotonics, and percent of maternal deaths due to PPH
averted by using quality uterotonics.

Model scenarios

Scenario analyses were conducted to estimate the impact of uterotonic quality and the impact
of utilizing different uterotonics. We first simulated a baseline scenario that uses the reported
prevalence of substandard uterotonics and compared it with a scenario where all uterotonics
are of adequate quality. To examine the impact of the choice of uterotonic, we simulated a sce-
nario where facility births all utilize quality oxytocin alone, as well as a scenario where facility
births all utilize quality oxytocin and misoprostol together. We examined the impact of care-
seeking and uterotonic quality together by running a scenario where all women use facility
care and utilize quality uterotonics, compared to a scenario where all women use facility care
and utilize substandard uterotonics. Finally, we examined a scenario where facility births all
utilize quality heat-stable carbetocin. We compared these results by assessing the difference
between the baseline scenario and the remaining six scenarios.

Sensitivity analysis

We conducted sensitivity analyses where key input parameters were ranged probabilistically
across model runs to account for uncertainties in epidemiological and cost inputs. In each run,
values of key inputs were drawn from uncertainty ranges. Inputs for risks of health outcomes
and quality of uterotonics were varied based on beta distributions, while cost data were ranged
using gamma distributions. Parameters that were varied during the probabilistic sensitivity
analysis along with their uncertainty ranges are listed in Table 1. All outcomes are based on an
average of 1,000 simulation runs in the model.

Results
Annual PPH burden in Ghana

Based on an estimate of 919,325 pregnant women delivering in Ghana per year, our model
simulated 182,450 (IQR 177,657-187,030) cases of PPH including 45,273 (43,675-46,711)
severe cases of PPH annually. Of those cases, only 61,679 (59,319-63,934) PPH cases including
17,753 (17,099-18,380) severe PPH cases were estimated to be diagnosed per year. This
resulted in an estimate of 971 (901-1,039) maternal deaths that were attributed to PPH annu-
ally in Ghana. Additional uterotonic treatments for PPH were given to 72,857 (70,696-74,999)
cases and blood transfusions were estimated to be required in 32,812 (31,730-33,797) PPH
cases per year. The total economic burden of childbirths with PPH in Ghana was estimated at
$143.1 million (~GH( 830.8 million [31]; $136.4-$150.0 million) annually, which consisted of
about $46.0 million (~GH(267.1 million; $42.2-$49.5 million) in out-of-pocket expenditures
at public sectors, $31.1 million (~GH(180.6 million; $27.8-$34.1 million) at private sectors,
and $11.7 million (~GH(67.9 million; $11.3-$12.0 million) borne by NHIS. Costs due to long-
term productivity losses were estimated at $54.3 million (~GH(315.2 million; $50.4-$58.1 mil-
lion) from annual maternal deaths due to PPH.

Impact of substandard uterotonics

Table 2 presents the annual health and economic impact of substandard uterotonics in Ghana.
Our model estimated that substandard uterotonics were responsible for an estimated 107 (28—
193) annual deaths and 2,539 YLL (652-4,566) due to PPH. We estimated that annually $18.8

million (~GH(109.1million; $13.5-$23.8 million) in total economic burden to treat PPH could
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Table 2. Annual health and economic burden of postpartum hemorrhage due to substandard uterotonics in Ghana.

Baseline IQR No Substandard Difference IQR of difference Diff%
Uterotonics
PPH >500ml 182,450 177,657-187,030 162,415 -20,035 -22,202—-17,548 -11%
PPH >1000ml 45,273 43,675-46,711 40,318 -4,955 -5,819—-4,027 -11%
PPH >500ml diagnosed 61,679 59,319-63,934 52,842 -8,837 -10,317—-7,253 -14%
PPH >1000ml diagnosed 17,753 17,099-18,380 15,562 -2,191 -2,620—- 1,701 -12%
Number of additional uterotonic 72,857 70,696-74,999 60,351 -12,506 -13,785—-11,151 -17%
treatment
Number of blood transfusions 32,812 31,730-33,797 20,293 -12,518 -13,275—-11,721 -38%
Number of deaths due to PPH 971 901-1,039 864 -107 -193—-28 -11%
Total economic burden of PPH $143,060,554 $136,385,117— $124,301,638 -$18,758,916 -$23,798,210 -13%
$149,708,565 —-$13,457,218
Total OOP costs public $46,016,016 | $42,203,341—$49,535,409 $39,685,101 -$6,330,914 | -$7,167,389—-$5,355,842 | -14%
Total OOP costs private $31,083,160 | $27,769,019—$34,140,614 $26,273,157 -$4,810,002 | -$5,660,464—-$3,920,236 | -15%
Total NHIS costs $11,693,937 | $11,347,062—$12,030,008 $10,077,334 -$1,616,603 | -$1,813,604—-$1,388,895 | -14%
Long term productivity loss $54,267,442 | $50,358,492-$58,066,425 $48,266,046 -$6,001,396 -$10,791,106 -11%
—-$1,541,587

Diff = difference; IQR = Interquartile range; NHIS = National Health Insurance Scheme; OOP: out-of-pocket; PPH: postpartum hemorrhage.

https://doi.org/10.1371/journal.pgph.0003181.t002

be attributed to substandard uterotonics. Annual out-of-pocket expenditures due to substan-
dard uterotonics were $6.3 million (~GH(36.6 million; $5.4-$7.2 million) in public sectors
and $4.8 million (~GH(27.9 million; $3.9-$5.7 million) in private sectors. Substandard utero-
tonic use was responsible for $1.6 million (~GH(9.3 million; $1.4-$1.8 million) in annual
NHIS costs and $6.0 million (~GH(34.8 million; $1.5-$10.8 million) in long-term productivity
losses due to maternal deaths. Our model also estimated that 20,035 (17,548-22,202) PPH
including 4,955 (4,027-5,819) severe PPH cases are attributed to substandard uterotonic use
annually. Of those cases, substandard uterotonics contributed to 8,837 (7,253-10,317) diag-
nosed PPH cases including 2,191 (1,701-2,620) diagnosed severe PPH cases. The number of
cases requiring additional uterotonic treatment and number of cases requiring blood transfu-
sions due to substandard uterotonics were estimated to be 12,506 (11,151-13,785) and 12,518
(11,721-13,275) respectively, per year. S2 Fig illustrates the range around the benefits of
improving the quality of uterotonics in reducing PPH cases and resulting in total cost savings
through a probabilistic sensitivity analysis.

The costs of substandard uterotonics that are borne by different stakeholders in Ghana as
presented in Table 3. We estimated that annually 354,428 mothers receive substandard utero-
tonics. Moreover, 77,360 of the 182,450 total PPH cases (42%) including 20,155 of the 45,273
severe PPH cases (45%) were mothers that received substandard uterotonics. With quality
uterotonics, healthcare providers would administer a total of 109,893 fewer doses of oxytocin
and handle 12,518 fewer cases of blood transfusions annually. The model simulated that 11%
of the deaths due to PPH could be averted by using quality uterotonics.

Table 4 describes the burden of substandard uterotonics across the population in Ghana.
The outcomes of PPH >500 ml, PPH >1000 ml, maternal death by PPH, total economic bur-
den of PPH, and OOP costs are presented based on rurality, wealth quintile, and NHIS status.
Our analysis shows that all categories of families, regardless of domicile, wealth, or insurance
status, are impacted by substandard uterotonics in Ghana. For example, eliminating substan-
dard uterotonics would equally benefit both mothers covered and not covered by NHIS. For
women who gave birth and were covered by NHIS, the total economic burden was $74.7
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Table 3. Annual impact of substandard uterotonics in Ghana by perspective.

Perspective Description Estimate
Families No. of mothers receiving substandard uterotonics 354,428
No. of cases of postpartum hemorrhage receiving substandard uterotonics 77,360
No. of cases of severe postpartum hemorrhage receiving substandard uterotonics 20,155
Out-of-pocket costs from additional treatments, blood transfusions, and longer $11,140,917
hospitalizations due to substandard uterotonics (USD)
No. of maternal deaths averted by using quality uterotonics 107
No. of years of life saved by using quality uterotonics 2,539
Healthcare No. of doses of oxytocin saved by using quality uterotonics 109,893
Providers No. of blood transfusions averted by using quality uterotonics 12,518
Payors Payor costs from additional treatments, blood transfusions, other related $1,616,603
commodities due to substandard uterotonics (USD)
Governments % receiving substandard uterotonics among postpartum hemorrhage cases 42%
% receiving substandard uterotonics among severe postpartum hemorrhage 45%
% of maternal deaths averted by using quality uterotonics 11%

No. = Number; USD = United States dollars.

https://doi.org/10.1371/journal.pgph.0003181.t003

million (~GH(433.7 million) annually, with $10.0 million (~GH(58.1 million; 13%) attribut-
able to substandard uterotonic use. For those without NHIS coverage, baseline total economic
burden was $68.4 million (~GH(397.1 million), with $8.8 million (~GH(51.1 million; 13%)
due to substandard uterotonic use. For those who were covered by NHIS, there were 87,054
PPH cases, where 10,259 (12%) PPH cases could be prevented by using quality uterotonics.
For the 95,396 PPH cases that were not covered by NHIS, 9,775 (10%) cases could be pre-
vented by using quality uterotonics.

When it comes to wealth quintile, women from the poorest to the richest categories would
experience a reduction in economic burden of PPH ranging from 10% to 15% by improving
the quality of uterotonics. Baseline economic burden of PPH was $15.9 million (~GH(92.3
million) for the poorest population, $18.5 million (~GH(107.4 million) for the poorer, $21.7
million (~GH(126 million) for the middle, $31.9 million (~GH(185.2 million) for the richer,
and $55.0 million (~GH(319.3 million) for the richest quintile. Cost savings by avoiding sub-
standard uterotonic use was estimated at $1.6 million (~GH(9.3 million; 10%) for the poorest
population, $2.1 million (~GH(12.2 million; 11%) for the poorer, $2.7 million ((~GH(15.7
million; 13%) for the middle, $4.3 million (~GH(25 million; 14%) for the richer, and $8 mil-
lion (~GH(46.4 million; 15%) for the richest quintile. Baseline PPH counts by wealth quintile
was 32,003 for those considered poorest, 30,056 for poorer, 30,060 for middle, 38,099 for
richer, and 52,323 for richest. Substandard uterotonic use accounted for 1,844 (6%) PPH cases
among birthing women considered poorest, 2,529 (8%) for poorer, 3,302 (11%) for middle,
4,806 (13%) for richer, and 7,553 (14%) for richest quintile.

Due to higher levels of care-seeking in urban areas, ensuring the quality of uterotonics
would result in a 14% reduction in urban economic burden of PPH, and 12% reduction in
rural economic burden in Ghana. The total economic burden of PPH was estimated at $95.8
million (~GH(556.2 million) for women giving birth in urban areas and $47.2 million (~GH
(274 million) for women in rural areas. Annually, substandard uterotonic use accounted for
$13.0 million (~GH(75.5 million; 14%) in urban and $5.8 million (~GH(33.7 million;12%) in
rural areas in avertable healthcare expenditures and productivity losses. The prevalence of
PPH (PPH >500 ml) was estimated at 104,362 cases among women giving birth in urban
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Table 4. Annual burden of substandard uterotonics in Ghana by population characteristics (rurality, wealth, and insurance status).

Baseline No Substandard Uterotonics Difference Proportion of reduction Difference % from baseline
PPH >500 ml
Overall 182,450 162,415 -20,035 -11%
Urban 104,362 91,659 -12,703 63% -12%
Rural 78,088 70,755 -7,332 37% -9%
Poorest 32,003 30,159 -1,844 9% -6%
Poorer 30,056 27,526 -2,529 13% -8%
Middle 30,060 26,758 -3,302 16% -11%
Richer 38,099 33,293 -4,806 24% -13%
Richest 52,232 44,679 -7,553 38% -14%
NHIS 87,054 76,794 -10,259 51% -12%
No NHIS 95,396 85,620 -9,775 49% -10%
PPH >1000 ml
Overall 45,273 40,318 -4,955 -11%
Urban 27,933 24,592 -3,341 67% -12%
Rural 17,340 15,726 -1,613 33% -9%
Poorest 7,258 6,781 -476 10% -7%
Poorer 7,148 6,539 -608 12% -9%
Middle 7,502 6,676 -826 17% -11%
Richer 9,724 8,536 -1,188 24% -12%
Richest 13,641 11,785 -1,856 37% -14%
NHIS 21,890 19,361 -2,528 51% -12%
No NHIS 23,383 20,957 -2,426 49% -10%
Deaths due to PPH
Overall 971 864 -107 -11%
Urban 597 529 -69 64% -11%
Rural 373 335 -39 36% -10%
Poorest 157 144 -13 12% -8%
Poorer 153 139 -13 12% -9%
Middle 161 144 -17 16% -11%
Richer 209 185 -25 23% -12%
Richest 292 252 -40 37% -14%
NHIS 469 414 -55 51% -12%
No NHIS 502 450 -53 49% -10%
Total economic burden of PPH
Overall $143,060,554 $124,301,638 -18,758,916 -13%
Urban $95,851,691 $82,865,454 -12,986,237 69% -14%
Rural $47,208,863 $41,436,185 -5,772,679 31% -12%
Poorest $15,923,043 $14,341,117 -1,581,926 8% -10%
Poorer $18,508,467 $16,432,690 -2,075,778 11% -11%
Middle $21,675,663 $18,937,823 -2,737,840 15% -13%
Richer $31,906,629 $27,587,124 -4,319,505 23% -14%
Richest $55,046,752 $47,002,885 -8,043,868 43% -15%
NHIS $74,661,408 $64,660,455 -10,000,953 53% -13%
No NHIS $68,399,146 $59,641,184 -8,757,963 47% -13%
Total OOP costs
Overall $77,099,175 $65,958,259 -11,140,917 -14%
Urban $55,376,630 $47,228,568 -8,148,062 73% -15%

(Continued)
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Table 4. (Continued)

Baseline No Substandard Uterotonics Difference Proportion of reduction Difference % from baseline
Rural $21,722,546 $18,729,691 -2,992,855 27% -14%
Poorest $5,670,184 $4,982,445 -687,739 6% -12%
Poorer $8,246,988 $7,139,515 -1,107,473 10% -13%
Middle $10,623,836 $9,117,106 -1,506,730 14% -14%
Richer $17,525,299 $14,962,689 -2,562,611 23% -15%
Richest $35,032,869 $29,756,504 -5,276,365 47% -15%
NHIS $36,768,722 $31,442,880 -5,325,843 48% -14%
No NHIS $40,330,453 $34,515,379 -5,815,074 52% -14%
NHIS costs
Overall $11,693,937 $10,077,334 -1,616,603 -14%
Urban $7,081,728 $6,080,048 -1,001,680 62% -14%
Rural $4,612,209 $3,997,286 -614,922 38% -13%
Poorest $1,493,564 $1,317,756 -175,808 11% -12%
Poorer $1,734,965 $1,504,566 -230,399 14% -13%
Middle $2,061,808 $1,776,719 -285,090 18% -14%
Richer $2,690,451 $2,307,625 -382,827 24% -14%
Richest $3,713,148 $3,170,668 -542,480 34% -15%
NHIS $11,693,937 $10,077,334 -1,616,603 100% -14%
No NHIS $0 $0 0 - -
Long term productivity losses
Overall $54,267,442 $48,266,046 -6,001,396 -11%
Urban $33,393,333 $29,556,838 -3,836,495 64% -11%
Rural $20,874,109 $18,709,208 -2,164,901 36% -10%
Poorest $8,759,295 $8,040,915 -718,379 12% -8%
Poorer $8,526,515 $7,788,609 -737,906 12% -9%
Middle $8,990,019 $8,043,998 -946,020 16% -11%
Richer $11,690,878 $10,316,811 -1,374,067 23% -12%
Richest $16,300,736 $14,075,712 -2,225,023 37% -14%
NHIS $26,198,749 $23,140,241 -3,058,508 51% -12%
No NHIS $28,068,693 $25,125,805 -2,942,889 49% -10%

NHIS = National Health Insurance Scheme; OOP = Out-of-pocket; PPH = Postpartum hemorrhage.

https://doi.org/10.1371/journal.pgph.0003181.t1004

areas, compared to 78,088 cases in rural areas annually. By ensuring the quality of uterotonics,

12,703 (12%) PPH cases in urban areas and 7,332 (9%) PPH cases in rural areas could be

prevented.

Scenario results

Table 5 shows the annual health and economic outcomes for each modeled scenario. We first
ranged our assumption of uterotonic use, where we simulated scenarios of all facility births
using oxytocin alone or using oxytocin and misoprostol in combination. When facility births
were simulated to use quality oxytocin alone, annual severe PPH cases decreased by 2,162

(5%) cases, cases needing blood transfusion decreased by 7,798 (24%), maternal deaths

decreased by 47 (5%), YLL decreased by 1,104 (5%), and long-term productivity loss decreased
by $2.6 million (~GH(15.1 million; 5%). Nevertheless, compared to the baseline where 66% of
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Table 5. Model scenario results.

Baseline

No substandard
uterotonics

Difference
Difference %

Facility births all
utilize quality
Oxytocin
Difference

Difference %

Facility births all use

quality Oxytocin
+ Misoprostol
Difference
Difference %
Facility births all
utilize quality
Carbetocin
Difference
Difference %

All facility births
(quality)
Difference
Difference %

All facility births
(substandard)

Difference

Difference %

PPH
>500 ml

182,450
162,415

-20,035
-11%
191,101

8,651
5%
147,855

-34,595
-19%
150,197

-32,253
-18%
140,258

-42,192
-23%
189,226

6,777
4%

PPH
>1000 ml

45,273
40,318

-4,955
-11%
43,110

-2,162
-5%
38,907

-6,365
-14%
38,671

-6,602
-15%
37,589

-7,683
-17%
49,780

4,507
10%

Additional Blood Deaths |YLL |Total economic burden by PPH
uterotonic transfusions Overall Total OOP | Total NHIS |Longterm
treatment costs costs productivity
losses
72,857 32,812 971 22,963 | $143,060,554 | $77,099,175 | $11,693,937 | $54,267,442
60,351 20,293 864 20,423 | $124,301,638 | $65,958,259 | $10,077,334 | $48,266,046
-12,506 -12,518 -107 -2,539 | -18,758,916 | -$11,140,917 | -$1,388,895 | -$6,001,396
-17% -38% -11% -11% | -13% -14% -14% -11%
74,708 25,014 924 21,858 | $144,650,747 | $80,612,799 | $12,379,899 | $51,658,050
1,851 -7,798 -47 -1,104 | $1,590,193 | $3,513,623 $685,962 -$2,609,392
3% -24% -5% 5% | 5% 5% 6% -5%
53,065 17,914 828 19,852 | $113,723,921 | $58,543,384 | $8,902,624 | $46,277,913
-19,792 -14,898 -143 -3,381 | -$29,336,633 | -$18,555,792 | -$2,791,313 | -$7,989,529
-27% -45% -15% -15% | -21% -24% -24% -15%
54,281 18,305 827 19,562 | $115,215,200 | $59,861,928 | $9,121,607 $46,231,665
-18,576 -14,507 -144 -3,400 | -$27,845,354 | -$17,237,247 | -$2,572,330 | -$8,035,777
-25% -44% -15% -15% | -19% -22% -22% -15%
97,629 32,099 808 19,105 | $127,180,509 | $71,109,800 | $10,919,182 | $45,151,527
24,772 -713 -163 -3,857 | -$15,880,045 | -$5,989,375 -$774,755 -$9,115,915
34% -2% -17% | -17% | -11% -8% -7% -17%
140,025 74,565 1,073 25,382 | $170,448,084 | $95,731,852 | $14,730,018 | $59,986,214
67,168 41,753 102 2,420 | $27,387,530 | $18,632,677 | $3,036,081 $5,718,772
92% 127% 11% 11% 19% 24% 26% 11%

NHIS = National Health Insurance Scheme; OOP = Out-of-pocket; PPH = Postpartum hemorrhage; YLL = Years of life lost. The model scenarios are: 1) baseline

scenario using reported uterotonic quality data; 2) scenario where all births do not utilize substandard uterotonics (all uterotonics are quality-assured); 3) scenario

where all births taking place in facilities utilize quality-assured oxytocin; 4) scenario where all births taking place in facilities utilize quality-assured oxytocin and

misoprostol; 5) scenario where all births taking place in facilities utilize quality-assured carbetocin; 6) scenario where all births taking place in facilities utilize all quality-

assured uterotonics; 7) scenario where all births taking place in facilities utilize uterotonics of substandard quality.

https://doi.org/10.1371/journal.pgph.0003181.t005

facility births are assumed to use oxytocin and misoprostol together, use of oxytocin alone is
less effective. Therefore, cases of overall PPH increased by 8,651 (5%), cases needing additional
uterotonic treatment increased by 1,851 (3%), overall economic burden increased by $1.6 mil-
lion (~GH(9.3 million; 5%), and total OOP costs increased by $3.5 million (~GH(20.3 mil-
lion; 5%). When facility births all used quality oxytocin and misoprostol, 34,595 (19%) overall
PPH cases including 6,365 (14%) severe PPH cases,19,792 (27%) cases of additional utero-
tonics, 14,898 (45%) cases of blood transfusions, 143 (15%) maternal deaths, and 3,381 (15%)
YLL were prevented annually. This led to a reduction in economic burden by $29.3 million
(~GH(170.1 million; 21%), total OOP costs by $18.6 million (~GH(108 million; 24%), and
long-term productivity loss by $8.0 million (~GH(46.4 million; 15%) per year.
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We then examined a scenario where facility births used quality heat-stable carbetocin
instead of oxytocin alone or oxytocin plus misoprostol. In this scenario, 32,253 (18%) PPH
cases including 6,602 (15%) severe PPH cases, 18,576 (25%) cases of additional uterotonics
treatment, 14,507 (44%) cases of blood transfusions, 144 (15%) maternal deaths, and 3,400
(15%) YLL could be averted annually. Annual cost savings for this scenario were $27.8 million
(~GH(161.4 million; 19%) in avertable economic burden, including $17.2 million (~GH(99.9
million; 22%) in total OOP costs, and $8.0 million (~GH(46.4 million; 15%) in long-term pro-
ductivity losses.

In the scenario where all mothers delivered at facilities and were given quality uterotonics
for PPH prevention, the model estimated that 42,192 (23%) PPH cases including 7,683 (17%)
severe PPH, 713 (2%) cases needing blood transfusions, 163 (17%) maternal deaths, and 3,857
(17%) YLL could be avoided annually. However, complete use of health facilities and quality
uterotonics requires additional uterotonic treatments among 24,772 cases (34%) per year.
Yearly cost savings of $15.9 million (~GH(92.3 million; 11%) in overall economic burden
including $6.0 million (~GH(34.8 million; 8%) in total OOP costs, and $9.1 million (~GH
(52.8 million; 17%) in long-term productivity losses were estimated from increased care-seek-
ing and use of quality uterotonics. When all births were simulated in a facility and used sub-
standard uterotonics, our model showed an annual increase in total PPH cases by 6,777 (4%),
severe PPH by 4,507 (10%), cases of additional uterotonic treatment by 67,168 (92%), cases of
blood transfusion by 41,753 (127%), maternal deaths by 102 (11%), and YLL by 2,420 (11%).
Economic impacts showed an annual increase of $27.4 million (~GH(159.1 million; 19%) in
overall economic burden, including $18.6 million (~GH(108 million; 24%) in total OOP costs,
and $5.7 million (~GH(33.1 million; 11%) in long-term productivity losses in a scenario with
all births taking place at facilities and using substandard uterotonics.

Discussion

This study is the first to demonstrate the economic impact of substandard uterotonics on pop-
ulation health and estimate the annual cost burden of substandard uterotonics on govern-
ments, healthcare providers, and families. This study shows that ensuring the quality of
uterotonics in Ghana would not only improve maternal health outcomes but also substantially
reduce costs to the government and families by reducing the number of PPH cases and other
outcomes associated with PPH. Quality uterotonics would not only reduce 20,000 PPH and
almost 5,000 severe PPH cases annually in Ghana, but also result in less healthcare resource
use from reduced doses of uterotonic treatment and fewer blood transfusions. Moreover, use
of quality uterotonics would reduce the leading direct cause of maternal death in Ghana by
11%.

Improving the quality of uterotonics would save millions of dollars annually in costs of
PPH. These savings come from reduced OOP costs, savings to the NHIS, and reduced long-
term productivity losses. These cost savings that could result from ensuring uterotonic quality
would be better utilized elsewhere, for example funneled towards extending UHC so that more
individuals could be covered by NHIS, more services could be covered by NHIS, and fewer
individuals would become poor by paying healthcare expenditures. Within the scope of
achieving UHC, the benefits of improving medicine quality have not been thoroughly dis-
cussed or investigated. This study provides evidence to make a case that both individuals and
governments can benefit economically from improving uterotonic quality. To facilitate data
collection for future studies, we included a table of suggested model inputs for other countries
to also estimate the burden of substandard uterotonics (S2 Table). Taking steps to ensure med-
icine quality should be a priority within plans to expand UHC.
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Common drivers of substandard medicines in LMICs are issues with pharmaceutical gover-
nance, weak technical capacity, and inadequate supply-chain management [32]. Since oxytocin
is heat-sensitive, the WHO recommends that oxytocin be kept in the cold chain of 2-8 °C (35-
46 °F) at all points during transport, distribution, and storage to ensure quality and efficacy
[33]. Consistent product management for uterotonics is needed to ensure that mothers are not
receiving substandard medicines and to reduce the health and economic burden of PPH. It is
the collective responsibility of supply chain managers, warehousers, distributors, healthcare
providers, and medicine regulators to ensure cold chain maintenance, and the responsibility of
manufacturers to ensure proper storage labeling requirements [3]. Country policies and prac-
tices are also need to ensure that procurement of oxytocin meets quality requirements estab-
lished by WHO or a regulatory authority recognized by the WHO [3]. National medicines
regulatory authorities and ministries of health need to be bolstered to regulate the quality of
uterotonics and ensure the systems are in place to maintain their quality.

Another opportunity for countries to reduce the burden of PPH would be a switch to using
heat-stable carbetocin. Heat-stable carbetocin is another uterotonic that can be used for PPH
prevention, but importantly, it does not require cold-chain storage and transportation, which
can be advantageous in low-resource settings [34]. Heat-stable carbetocin has shown similar
efficacy and adverse events profile to oxytocin within the CHAMPION trial [34, 35]. More-
over, in a meta-analysis, heat-stable carbetocin has been found to have similar safety and supe-
rior effectiveness compared to oxytocin [36]. Unfortunately, heat-stable carbetocin is not
widely available and costs slightly more per dose than oxytocin [35]. In terms of health eco-
nomic evidence, a network meta-analysis and systematic review found the relative cost-effec-
tiveness of heat-stable carbetocin compared to alternative strategies to be inconclusive due to
the uncertainty and inconsistency in the data reported on adverse events [37, 38]. Yet some
recent studies in LMICs have shown that heat-stable carbetocin can be a cost-effective alterna-
tive to oxytocin [39-41]. The manufacturer of heat-stable carbetocin has made a commitment
to increase its availability to primary health care facilities in LMICs at an affordable price [35].
If made financially viable, utilization of heat-stable carbetocin could offer an alternative to oxy-
tocin and misoprostol that avoids the cold chain entirely and could be a sustainable option.

As with all modeling studies, this study has limitations including those related to quality
and availability of data included in the model. There were gaps in available data regarding utili-
zation of uterotonics and OOP costs for women and their families across Ghana. To address
this, the team utilized key informants vetted by a steering committee to advise on the data
inputs for uterotonic utilization and costs, and provide insights about data assumptions. The
model was also calibrated and validated against existing data. Secondly, the relationship of sub-
standard uterotonics to PPH, further treatment, and death are not well studied. Data from the
recent E-MOTIVE trial from Nigeria were used in this study, with the assumption that the
relationship of quality to outcomes is similar across settings [24, 26]. Thirdly, there were lim-
ited data to account for the population heterogeneity across health and economic outcomes.
Sensitivity analyses and a wide variety of scenario analyses were conducted to provide a range
around the inputs and compare the impact of improving the quality of uterotonics to other
potential uterotonic policy options.

Substandard uterotonics cause avoidable harm to mothers while also burdening the health
system, NHIS, and families with preventable costs. This study provides evidence for policy-
makers to act on the issue of substandard uterotonics to reduce maternal morbidity and mortal-
ity. A broad range of stakeholders, including families, providers, payors, and the government,
would all benefit from reducing availability of, and access to, substandard uterotonics. Enhanc-
ing the quality of uterotonics would result in cost savings which would provide financial protec-
tion for health and opportunities to extend NHIS coverage to advance UHC in Ghana.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003181  June 20, 2024 15/18


https://doi.org/10.1371/journal.pgph.0003181

PLOS GLOBAL PUBLIC HEALTH Burden of substandard uterotonics in Ghana

Supporting information

S1 Fig. Diagrammatic depiction of the decision tree model.
(DOCX)

S2 Fig. Probabilistic sensitivity analysis. Probabilistic Sensitivity Analysis was conducted for
the 1,000 simulations to show annual cost savings versus total PPH case reduction by improv-
ing quality of uterotonics. The orange data point represents the baseline estimate while the
blue data points are the remaining simulated estimates.

(DOCX)

S$1 Table. Consolidated Health Economic Evaluation Reporting Standards 2022
(CHEERS2022) statement: Updated reporting guidance for health economic evaluations.
From: Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic Eval-
uation Reporting Standards 2022 (CHEERS 2022) Explanation and Elaboration: A Report of
the ISPOR CHEERS II Good Practices Task Force. Value Health 2022;25. doi:10.1016/j.jval.
2021.10.008.

(DOCX)

S2 Table. Suggested model input data to estimate burden of substandard uterotonics. C-
section = Caesarean section; DHS = Demographic and Health Survey; KOL = Key Opinion
Leader; PPH = postpartum hemorrhage; USD = United States dollars; WHO = World Health
Organization.

(DOCX)

Acknowledgments

We thank Dr. Kwame Adu-Bonsaffoh for offering local insights and guidance on this project.
We appreciate Dr. Ioannis Gallos for sharing data from the E-MOTIVE trial. We are grateful

for advice and support provided by our steering committee including Dr. Ama Pokuaa Fenny
in Ghana, and Dr. Natalie Carvalho in Australia.

Author Contributions
Conceptualization: A. Metin Giilmezoglu, Sachiko Ozawa.

Data curation: Kiara Bautista, Yi-Fang (Ashley) Lee, Petra Procter, Sara Rushwan, A. Metin
Giilmezoglu, Lester Chinery, Sachiko Ozawa.

Formal analysis: Kiara Bautista, Yi-Fang (Ashley) Lee, Colleen R. Higgins, Petra Procter, Sara
Rushwan, A. Metin Giilmezoglu, Lester Chinery, Sachiko Ozawa.

Investigation: Yi-Fang (Ashley) Lee, Colleen R. Higgins, Petra Procter, Sara Rushwan, A.
Metin Giilmezoglu, Lester Chinery, Sachiko Ozawa.

Methodology: Sachiko Ozawa.
Writing - original draft: Kiara Bautista, Yi-Fang (Ashley) Lee.

Writing - review & editing: Yi-Fang (Ashley) Lee, Colleen R. Higgins, Petra Procter, Sara
Rushwan, Abraham Baidoo, Kofi Issah, Chris Opoku Fofie, A. Metin Giilmezoglu, Sachiko
Ozawa.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003181  June 20, 2024 16/18


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003181.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003181.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003181.s003
https://doi.org/10.1016/j.jval.2021.10.008
https://doi.org/10.1016/j.jval.2021.10.008
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003181.s004
https://doi.org/10.1371/journal.pgph.0003181

PLOS GLOBAL PUBLIC HEALTH

Burden of substandard uterotonics in Ghana

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kaplan W, Wirtz VJ, Mantel-Teeuwisse A, Stolk P, Duthey B, Laing R. Priority Medicines for Europe
and the World 2013 Update, Chapter 6.16 Postpartum haemorrhage. Geneva, Switzerland: World
Health Organization; 2013 Jul pp. 139—-142.

Say L, Chou D, Gemmill A, Tuncalp O, Moller A-B, Daniels J, et al. Global causes of maternal death: a
WHO systematic analysis. Lancet Glob Health. 2014; 2: e323-333. https://doi.org/10.1016/S2214-
109X(14)70227-X PMID: 25103301

World Health Organization, United Nations Children’s Fund, United Nations Population Fund. Appropri-
ate Storage and Management of Oxytocin—a Key Commodity for Maternal Health. Geneva, Switzer-
land; 2019. https://primarysources.brillonline.com/browse/human-rights-documents-online/chinas-
official-media-confirms-ban-on-illegal-tibetan-classes-in-monasteries;hrdhrd01442019011.

Vogel JP, Williams M, Gallos I, Althabe F, Oladapo OT. WHO recommendations on uterotonics for post-
partum haemorrhage prevention: what works, and which one? BMJ Glob Health. 2019; 4: e001466.
https://doi.org/10.1136/bmjgh-2019-001466 PMID: 31139461

World Health Organization. WHO recommendations for the prevention and treatment of postpartum
haemorrhage. Geneva: World Health Organization; 2012. https://apps.who.int/iris/handle/10665/75411.

Torloni MR, Gomes Freitas C, Kartoglu UH, Metin Gilmezoglu A, Widmer M. Quality of oxytocin avail-
able in low- and middle-income countries: a systematic review of the literature. BJOG Int J Obstet
Gynaecol. 2016; 123: 2076-2086. https://doi.org/10.1111/1471-0528.13998 PMID: 27006180

Torloni MR, Bonet M, Betran AP, Ribeiro-do-Valle CC, Widmer M. Quality of medicines for life-threaten-
ing pregnancy complications in low- and middle-income countries: A systematic review. PLOS ONE.
2020; 15: e0236060. https://doi.org/10.1371/journal.pone.0236060 PMID: 32649710

Ozawa S, Evans DR, Bessias S, Haynie DG, Yemeke TT, Laing SK, et al. Prevalence and Estimated
Economic Burden of Substandard and Falsified Medicines in Low- and Middle-Income Countries: A
Systematic Review and Meta-analysis. JAMA Netw Open. 2018; 1: e181662. https://doi.org/10.1001/
jamanetworkopen.2018.1662 PMID: 30646106

Ozawa S, Chen H-H, Lee Y-FA, Higgins CR, Yemeke TT. Characterizing Medicine Quality by Active
Pharmaceutical Ingredient Levels: A Systematic Review and Meta-Analysis across Low- and Middle-
Income Countries. Am J Trop Med Hyg. 2022; 106: 1778-1790. https://doi.org/10.4269/ajtmh.21-1123
PMID: 35895431

World Health Organization. Seventieth World Health Assembly Update. Geneva, Switzerland; 2017
May.

World Health Organization. WHO Gilobal Surveillance and Monitoring System for Substandard and Fal-
sified Medical Products. Geneva, Switzerland; 2017.

World Health Organization. A study on the public health and socioeconomic impact of substandard and
falsified medical products. Geneva: World Health Organization; 2017. https://apps.who.int/iris/handle/
10665/331690.

Ozawa S, Higgins CR, Yemeke TT, Nwokike JI, Evans L, Hajjou M, et al. Importance of medicine quality

in achieving universal health coverage. PloS One. 2020; 15: €0232966. https://doi.org/10.1371/journal.
pone.0232966 PMID: 32645019

World Health Organization. (2019). Trends in maternal mortality 2000 to 2017: estimates by WHO, UNI-
CEF, UNFPA, World Bank Group and the United Nations Population Division: executive summary.
World Health Organization. https://iris.who.int/handle/10665/327596.

The DHS Program. Demographic and Health Surveys Program. 2022 [cited 9 Apr 2022]. https://www.
dhsprogram.com/.

United Nations Population Division. Ghana Birth Rate 1950-2023. 2020 [cited 15 Feb 2023]. https:/
www.macrotrends.net/countries/GHA/ghana/birth-rate.

The World Bank. GDP per capita—Ghana. In: data.worldbank.org [Internet]. 2021 [cited 26 May 2023].
https://data.worldbank.org.

The World Bank. Life expectancy at birth, female (years). In: data.worldbank.org [Internet]. 2022 [cited
26 May 2023]. https://data.worldbank.org.

Ghana Health Service. Ghana Emergency Obstetric And Newborn Care, 2011, Second Round. Ghana
Statistical Service; 2015 Jul. https://www2.statsghana.gov.gh/nada/index.php/catalog/73/study-
description.

Ghana Statistical Service (GSS), G.H.S.G., and ICF. Ghana Maternal Health Survey 2017. 2018.
https://www.dhsprogram.com/pubs/pdf/FR340/FR340.pdf.

Ministry of Health Ghana National Drugs Programme. Republic of Ghana Ministry of Health, Standard
Treatment Guidelines 7th Edition. 2021 pp. 344-348.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003181  June 20, 2024 17/18


https://doi.org/10.1016/S2214-109X%2814%2970227-X
https://doi.org/10.1016/S2214-109X%2814%2970227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
https://primarysources.brillonline.com/browse/human-rights-documents-online/chinas-official-media-confirms-ban-on-illegal-tibetan-classes-in-monasteries;hrdhrd01442019011
https://primarysources.brillonline.com/browse/human-rights-documents-online/chinas-official-media-confirms-ban-on-illegal-tibetan-classes-in-monasteries;hrdhrd01442019011
https://doi.org/10.1136/bmjgh-2019-001466
http://www.ncbi.nlm.nih.gov/pubmed/31139461
https://apps.who.int/iris/handle/10665/75411
https://doi.org/10.1111/1471-0528.13998
http://www.ncbi.nlm.nih.gov/pubmed/27006180
https://doi.org/10.1371/journal.pone.0236060
http://www.ncbi.nlm.nih.gov/pubmed/32649710
https://doi.org/10.1001/jamanetworkopen.2018.1662
https://doi.org/10.1001/jamanetworkopen.2018.1662
http://www.ncbi.nlm.nih.gov/pubmed/30646106
https://doi.org/10.4269/ajtmh.21-1123
http://www.ncbi.nlm.nih.gov/pubmed/35895431
https://apps.who.int/iris/handle/10665/331690
https://apps.who.int/iris/handle/10665/331690
https://doi.org/10.1371/journal.pone.0232966
https://doi.org/10.1371/journal.pone.0232966
http://www.ncbi.nlm.nih.gov/pubmed/32645019
https://iris.who.int/handle/10665/327596
https://www.dhsprogram.com/
https://www.dhsprogram.com/
https://www.macrotrends.net/countries/GHA/ghana/birth-rate
https://www.macrotrends.net/countries/GHA/ghana/birth-rate
https://data.worldbank.org
https://data.worldbank.org
https://www2.statsghana.gov.gh/nada/index.php/catalog/73/study-description
https://www2.statsghana.gov.gh/nada/index.php/catalog/73/study-description
https://www.dhsprogram.com/pubs/pdf/FR340/FR340.pdf
https://doi.org/10.1371/journal.pgph.0003181

PLOS GLOBAL PUBLIC HEALTH

Burden of substandard uterotonics in Ghana

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Gallos ID, Williams HM, Price MJ, Merriel A, Gee H, Lissauer D, et al. Uterotonic agents for preventing
postpartum haemorrhage: a network meta-analysis. Cochrane Database Syst Rev. 2018; 4:
CD011689. https://doi.org/10.1002/14651858.CD011689.pub2 PMID: 29693726

Karikari-Boateng E. Post-market quality surveillance project: Maternal healthcare products (oxytocin
and ergometrine) on the Ghanaian market. Accra, Ghana: Ghana Food and Drugs Authority; 2013.
https://pdf.usaid.gov/pdf_docs/PAOOMRZX.pdf.

Gallos |, Ammerdorffer A, Rushwan S, Wright P, Beeson L, Devall AJ, et al. Health impact of poor-qual-
ity oxytocin in women giving birth. University of Birmingham; Working paper.

Forbes G, Akter S, Miller S, Galadanci H, Qureshi Z, Fawcus S, et al. Factors influencing postpartum
haemorrhage detection and management and the implementation of a new postpartum haemorrhage
care bundle (E-MOTIVE) in Kenya, Nigeria, and South Africa. Implement Sci IS. 2023; 18: 1. https://doi.
org/10.1186/s13012-022-01253-0 PMID: 36631821

Gallos I, Devall A, Martin J, Middleton L, Beeson L, Galadanci H, et al. Randomized Trial of Early Detec-
tion and Treatment of Postpartum Hemorrhage. N Engl J Med. 2023; 389: 11-21. https://doi.org/10.
1056/NEJM0a2303966 PMID: 37158447

Bohren MA, Lorencatto F, Coomarasamy A, Althabe F, Devall AJ, Evans C, et al. Formative research to
design an implementation strategy for a postpartum hemorrhage initial response treatment bundle (E-
MOTIVE): study protocol. Reprod Health. 2021; 18: 149. https://doi.org/10.1186/s12978-021-01162-3
PMID: 34261508

Valdes V, Adongo PB, Nwameme AU, Tabong PTN, Fernandes M. Risk factors for self-reported post-
partum hemorrhage in Ga East, Ghana. Int J Gynecol Obstet. 2018; 142: 201-206. https://doi.org/10.
1002/ijgo.12523 PMID: 29742294

National Health Insurance Authority. National Health Insurance Scheme Tariffs for Tertiary Hospitals
Version 2.0. 2022.

Gumanga S, Kolbila D, Gandau B, Munkaila A, Malechi H, Kyei-Aboagye K. Trends in Maternal Mortal-
ity in Tamale Teaching Hospital, Ghana. Ghana Med J. 2011; 45: 105-110. PMID: 22282577

UNCTAD STAT. Currency exchange rates, annual. 2021 [cited 1 Aug 2023]. https://unctadstat.unctad.
org/wds/TableViewer/tableView.aspx.

Pisani E, Nistor A-L, Hasnida A, Parmaksiz K, Xu J, Kok MO. Identifying market risk for substandard
and falsified medicines: an analytic framework based on qualitative research in China, Indonesia, Tur-
key and Romania. Wellcome Open Res. 2019; 4: 70. https://doi.org/10.12688/wellcomeopenres.15236.
1PMID: 31131333

World Health Organization. The International Pharmacopoeia, Eigth Edition. 2018. http://apps.who.int/
phint/en/p/about/.

Widmer M, Piaggio G, Nguyen TMH, Osoti A, Owa OO, Misra S, et al. Heat-Stable Carbetocin versus
Oxytocin to Prevent Hemorrhage after Vaginal Birth. N Engl J Med. 2018; 379: 743-752. https://doi.org/
10.1056/NEJMoa1805489 PMID: 29949473

Gallos ID, Coomarasamy A. Carbetocin: Worth the extra expense? Best Pract Res Clin Obstet Gynae-
col. 2019; 61: 55-65. https://doi.org/10.1016/j.bpobgyn.2019.04.001 PMID: 31164260

Sun H, XuL, LiY, Zhao S. Effectiveness and safety of carboxytocin versus oxytocin in preventing post-
partum hemorrhage: A systematic review and meta-analysis. J Obstet Gynaecol Res. 2022; 48: 889—
901. https://doi.org/10.1111/jog.15174 PMID: 35243717

Gallos I, Williams H, Price M, Pickering K, Merriel A, Tobias A, et al. Uterotonic drugs to prevent post-
partum haemorrhage: a network meta-analysis. Uterotonic Drugs Prev Postpartum Haemorrhage Netw
Meta-Anal. 2019 [cited 6 Apr 2022]. https://www.ncbi.nim.nih.gov/books/NBK537857/.

Lawrie TA, Rogozinska E, Sobiesuo P, Vogel JP, Ternent L, Oladapo OT. A systematic review of the
cost-effectiveness of uterotonic agents for the prevention of postpartum hemorrhage. Int J Gynaecol
Obstet Off Organ Int Fed Gynaecol Obstet. 2019; 146: 56-64. https://doi.org/10.1002/ijgo.12836 PMID:
31049950

You JHS, Leung T-Y. Cost-effectiveness analysis of carbetocin for prevention of postpartum hemor-
rhage in a low-burden high-resource city of China. PloS One. 2022; 17: e0279130. https://doi.org/10.
1371/journal.pone.0279130 PMID: 36520799

Henriquez-Truijillo AR, Lucio-Romero RA, Bermudez-Gallegos K. Analysis of the cost-effectiveness of
carbetocin for the prevention of hemorrhage following cesarean delivery in Ecuador. J Comp Eff Res.
2017; 6: 529-536. https://doi.org/10.2217/cer-2017-0004 PMID: 28884585

Cook JR, Saxena K, Taylor C, Jacobs JL. Cost-effectiveness and budget impact of heat-stable carbeto-
cin compared to oxytocin and misoprostol for the prevention of postpartum hemorrhage (PPH) in
women giving birth in India. BMC Health Serv Res. 2023; 23: 267. https://doi.org/10.1186/s12913-023-
09263-4 PMID: 36932411

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003181  June 20, 2024 18/18


https://doi.org/10.1002/14651858.CD011689.pub2
http://www.ncbi.nlm.nih.gov/pubmed/29693726
https://pdf.usaid.gov/pdf_docs/PA00MRZX.pdf
https://doi.org/10.1186/s13012-022-01253-0
https://doi.org/10.1186/s13012-022-01253-0
http://www.ncbi.nlm.nih.gov/pubmed/36631821
https://doi.org/10.1056/NEJMoa2303966
https://doi.org/10.1056/NEJMoa2303966
http://www.ncbi.nlm.nih.gov/pubmed/37158447
https://doi.org/10.1186/s12978-021-01162-3
http://www.ncbi.nlm.nih.gov/pubmed/34261508
https://doi.org/10.1002/ijgo.12523
https://doi.org/10.1002/ijgo.12523
http://www.ncbi.nlm.nih.gov/pubmed/29742294
http://www.ncbi.nlm.nih.gov/pubmed/22282577
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx
https://doi.org/10.12688/wellcomeopenres.15236.1
https://doi.org/10.12688/wellcomeopenres.15236.1
http://www.ncbi.nlm.nih.gov/pubmed/31131333
http://apps.who.int/phint/en/p/about/
http://apps.who.int/phint/en/p/about/
https://doi.org/10.1056/NEJMoa1805489
https://doi.org/10.1056/NEJMoa1805489
http://www.ncbi.nlm.nih.gov/pubmed/29949473
https://doi.org/10.1016/j.bpobgyn.2019.04.001
http://www.ncbi.nlm.nih.gov/pubmed/31164260
https://doi.org/10.1111/jog.15174
http://www.ncbi.nlm.nih.gov/pubmed/35243717
https://www.ncbi.nlm.nih.gov/books/NBK537857/
https://doi.org/10.1002/ijgo.12836
http://www.ncbi.nlm.nih.gov/pubmed/31049950
https://doi.org/10.1371/journal.pone.0279130
https://doi.org/10.1371/journal.pone.0279130
http://www.ncbi.nlm.nih.gov/pubmed/36520799
https://doi.org/10.2217/cer-2017-0004
http://www.ncbi.nlm.nih.gov/pubmed/28884585
https://doi.org/10.1186/s12913-023-09263-4
https://doi.org/10.1186/s12913-023-09263-4
http://www.ncbi.nlm.nih.gov/pubmed/36932411
https://doi.org/10.1371/journal.pgph.0003181

