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ARTICLE INFO ABSTRACT

Keywords: Background: Preterm birth has lifelong implications, placing a burden on individuals, families,
Cost-effectiveness communities and the health system. While several interventions to reduce preterm birth have
Costing

been economically evaluated, no scoping review has been undertaken.

Objective: To conduct a scoping review of economic evaluations of interventions that have
reduced preterm birth, identify gaps in the literature and inform future health care providers and
researchers on the economic value of preterm birth reduction interventions.

Methods: Databases such as PubMed, Cumulative Index to Nursing and Allied Health Literature,
EBSCO, Medline (OVID), EMBASE, NHS Health Technology Assessment, the Cost-Effectiveness
Analysis Registry, and the NHS Economic Evaluation Database and grey literature were
comprehensively searched for economic evaluations of interventions that reduced preterm birth
conducted since 2000. Items included: preterm birth reduction, intervention, method of economic
evaluation, time-horizon of analysis, study population, perspective of evaluation, effectiveness,
and costs. Review processes were undertaken by two reviewers, and disagreements were resolved
by the larger team.

Results: Fifteen publications met the inclusion criteria, including pharmacological interventions
(5), telemedicine (1), diagnostic procedures (2), public and community health (2), prenatal care
and nutrition (2), father’s involvement (1), doula care (1) and a comprehensive maternity service
redesign (1). Variations were observed in study design, time-horizon, study population and
method of evaluation. Most studies (n = 13) adopted either a healthcare payer, provider, or
system perspective. Shorter timehorizons for analysis were adopted in all studies, except one that
conducted a lifetime economic evaluation. All included interventions, except one, were found to
be costeffective, cost-beneficial or led to cost-savings.

Conclusion: Despite preterm birth placing a high economic burden on health systems and society,
we found a dearth of long-term economic evaluations of prevention and reduction initiatives.
Future research on preterm birth reduction initiatives should include economic evaluations.

Economic evaluation
Preterm birth
Scoping review

What is already known

e There is limited evidence on the cost-effectiveness of interventions that have reduced preterm birth
e Reviews of the available evidence have not previously been conducted
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Data availability

The data supporting the findings of this study are available in the Supplementary materials. Additional data can be obtained from
the authors upon request.

What this paper adds

o Fifteen economic evaluations of diverse preterm birth reduction interventions, published, since 2000,were identified
o The need for long-term economic evaluations has been demonstrated

Data availability

The data supporting the findings of this study are available in the Supplementary materials. Additional data can be obtained from
the authors upon request.

1. Introduction

Preterm birth has been defined as “babies born alive before 37 weeks of gestation are completed” (World Health Organisation,
2018). Prematurity is the leading cause of infant (under 12 months) and child (under 5 years) morbidity and mortality accounting for
16 per cent of all child deaths and 35 % of new-born (<28 days) deaths globally in 2016 (Hug et al., 2017, World Health Organisation,
2022). Preterm birth is also associated long-term health consequences, such as cerebral palsy, retinopathy of prematurity and cognitive
disabilities (Institute of Medicine, 2007, Saigal and Doyle, 2008) and substantial economic burdens on healthcare systems (Mangham
et al., 2009, Petrou, 2019).

The rates of preterm birth vary by race and ethnicity globally and within countries. In 2014, of the 14.8 million babies born preterm
(<37 weeks), 80 % were in Asia and sub-Saharan Africa (Chawanpaiboon et al., 2019). In the United States, the preterm birth rate was
10.5 % in 2021, a 4 % increase from the previous year, with rates for African Americans and Native Indians being 14.7 % and 12.3 %,
respectively (March of Dimes, 2022). In 2021, the overall rate of preterm birth in England and Wales was lower (6.2 %-7.2 %),however
these rates were higher in non-White peoples compared to White peoples (8.7 % vs 7.4 %) (National Health Service (NHS), 2022, Office
for National Statistics (ONS), 2023). Variation of preterm birth rates is often higher in non-White populations and the disparities exist
regardless of socioeconomic status (Johnson et al., 2020). In Australia, the preterm birth rate in 2019 was 13.2 % for women having
First Nations babies compared to 8.3 % for the rest of the population (Australian Institute of Health and Welfare, 2021).

Interventions to reduce preterm birth have been reported in previous reviews (Karger et al., 2022, Medley et al., 2018, Sandall
et al., 2016). These include health service interventions such as improving maternal antenatal care access (World Health Organisation,
2018), midwife-led continuity of care models (Sandall et al., 2016), Vitamin D supplementation in pregnancy (De-Regil et al., 2016),
lower genital tract infection screening and treatment (Sangkomkamhang et al., 2015), and provision of zinc supplements to pregnant
women in the absence of systemic infections (Ota et al., 2015). Previous reviews have also outlined interventions, programs or service
that aim to reduce prematurity in culturally and linguistically diverse populations (Karger et al., 2022) and in low and middle-income
countries (Wastnedge et al., 2021),and may be implemented from preconception to birth, and before planning subsequent pregnancies
(Sandall et al., 2016). Few of these programs have included or reported economic evaluations.

Preterm birth places increased healthcare and economic burden on the health system and society. In Australia, the cost of preterm
birth for healthcare, including neonatal admission, primary and secondary care, and education has been estimated to be between
AUD25,417 (late preterm) and AUD236,026 (extremely preterm) per child, from birth till age 18, estimated at AUD1.413 billion
annually (Newnham et al., 2022). Simlar variations have been observed in studies from the United Kingdom, United States and Canada
(Institute of Medicine, 2007), reported on prematurity leading to greater costs from infancy to 18 years.

Health economic evaluations enable researchers to analyze comparative interventions, resource utilization, associated costs, and
effectiveness, which can inform decision-makers and stakeholders (Gomersall et al., 2015, Hoch and Dewa, 2005). There are four types
of health economic evaluations commonly used: cost-effectiveness analysis; cost-benefit analysis; cost-utility analysis and
cost-minimization analysis. These analyses investigate the costs and effects of healthcare while using different approaches to present
outcomes (Drummond et al., 2005). Cost-effectiveness analysis considers costs and outcome effectiveness in its natural or physical
unit, for example, cost per cardiovascular event avoided, and results are displayed as differences in cost or outcome when compared
with an alternative. Cost-utility analysis uses health indices such as quality-adjusted life years or disability adjusted life years to
highlight their results, for example, cost per quality-adjusted life year gained. The cost-benefit analysis quantifies the effects in
monetary terms, as a net-monetary benefit and includes return-on-investment analysis which demonstrates the benefit as cost-offset to
the initial investment while not presenting health benefits. Cost-minimization compares the costs of alternatives that have a similar
outcome (Drummond et al., 2005). These evaluations provide evidence that contributes to planning effective health services and
programs. The purpose of this scoping review was to identify gaps in the literature and inform future health care providers and re-
searchers on the value of preterm birth reduction interventions.
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2. Methods

The JBI Handbook for Systematic Review of Economic Evaluations (Aromataris and Munn, 2014) and JBI Evidence synthesis
manual (Aromataris and Munn, 2020) was referred to while designing the review and has used the PRISMA-scr guidelines for reporting
(Shamseer et al., 2015, Tricco et al., 2018). Key terminologies referred to in this paper have been outlined in Box 1. As this was
conceptualized as part of a doctoral thesis, a protocol was not designed or registered with any scoping review registries such as Open
Science Framework.

2.1. Search strategy and data sources

Electronic searches were conducted in PubMed, EBSCO including Cumulative Index to Nursing and Allied Health Literature
(CINAHL), MEDLINE (Ovid), Embase, Web of Science, EconLit, Cost-effectiveness analysis Registry, NHS Economic Evaluation
Database (NHSEED) and NHS Health Technology Assessment (NHS HTA) (via The Centre for Reviews and Dissemination Library-
CRD). The search strategy included keywords and Medical Subject Headings (MeSH) related to models of maternity care, health
programs and interventions to reduce preterm birth rates and economic evaluation research searches were adapted for use in each
database as below.

The databases were searched for MeSH key terms associated with preterm birth prevention (‘preterm’, ‘premature’, ‘labour’,
‘delivery’, ‘prevent’, 'reduction’, 'decrease’), programs or services (‘best practice’, ‘strategy’, ‘intervention’), maternal health, ‘ma-
ternity’, ‘pregnancy’, *perinatal’) and health economic analysis and health outcomes (such as ‘cost’, ‘cost effectiveness analysis’, *cost
benefit analysis, ‘economic evaluation’, ‘economic assessment’, ‘disability adjusted life year’ and ‘quality adjusted life year’).

The complete search strategy employed for PubMed is listed in Supplementary material 1A. The search strategies employed for
Springer, EBSCO and Scopus databases were adjusted to accommodate for differences in these platforms and are included in Sup-
plementary material 1B. Grey literature searches were conducted, and reference lists from other relevant systematic reviews and
research papers were checked. Searches were concluded on 20 July 2023.

2.2. Eligibility criteria

Included articles were restricted to randomized controlled trials, cohort and longitudinal studies, with an accompanying economic
evaluation, published in English between 2000-2023. Articles published before 2000 were deemed unacceptable as preterm birth
preventative measures have largely changed since then.

Economic evaluations included cost analysis or cost comparison studies where at least two alternate health programs or in-
terventions are being assessed for costs and consequences via cost-effectiveness, cost-benefit or cost-utility analyses or economic
modelling. For this review, economic evaluations of all-time horizons have been included, to ensure the maximum inclusivity of
relevant studies. Commentaries, editorials, trial protocols and systematic reviews were excluded, but relevant references were
included.

EndNote x9 was used to manage search results including removal of duplicate records. Study selection and data extraction have
been performed through the COVIDENCE review management system (Veritas Health Innovation, 2023). Further details on eligibility
criteria have been summarized in Table 1.

Table 1
Inclusion and exclusion criteria.

PICOS Inclusion criteria Exclusion criteria

Population Pregnant women at any stage of pregnancy Non-pregnant women

Intervention  Studies include an intervention that reduced preterm birth. Studies that did not reduce preterm birth or were invasive
The intervention could be delivered in person or virtually and is minimally procedures and surgical in nature e.g., Cervical cerclage/
invasive or non-invasive cervical stitch.
The interventions being considered for this review include but are not limited ~ Environmental interventions e.g., Air pollution mitigation
to:
Pharmacological interventions, Diagnostic testing and screening, Ultrasounds,
Health programs, Doula and Midwife-led interventions, Nutritional
supplements, Mobile health or telehealth services, Mental health interventions

Comparator Standard maternity care provision at a public or private hospital, antenatal Programs that did not aim to reduce preterm birth
clinic, or health care provider.

Outcome Costing data; Preterm birth reduction- number, percentage, odds-ratio, risk- Studies that do not report on both costs and outcomes
ratios; Gestational age at delivery; Quality-adjusted life years (QALYs),
Disability-adjusted Life Years (DALYs); Incremental Cost Effectiveness Ratio;
Cost-benefit ratio; Net-monetary benefit.

Study type Economic evaluations published in English Economic evaluations published in language/s other than

Studies published between 01,/01/2000 -20/07/2023
Studies include randomized controlled trials and modelling studies
Time-horizon - All studies have been included irrespective of time-horizon

English
Studies published 2000 and after July 2023
Reviews, commentaries, and editorials
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2.3. Study selection

The studies were independently examined against eligibility criteria by two authors (AC and SM), based on title and abstract
screening, and full-text screening. Titles and abstracts accepted by both authors were included for full-text screening. Articles reporting
a significant reduction in preterm birth were excluded (with reason) if they had not been economically evaluated. Discrepancies were
resolved through discussion between the two reviewers and, if consensus was not reached, were reviewed by additional researchers
(SK and YG).The study selection process has been depicted in Fig. 1.

2.4. Data extraction and synthesis

A data extraction form was developed based on similar reviews. The extraction process and collation of findings were carried out
using Data Extraction 2.0 in COVIDENCE (Veritas Health Innovation). The characteristics and results of included studies were sum-
marized using tables in Microsoft Excel and included the title, year of study, authors, intervention type, study setting, study population,
method of economic evaluation, preterm birth reduction (%, RR, aOR), currency year, health index used (quality or disability-adjusted
life year), cost estimates (incremental cost, cost savings, or net monetary benefit). Findings from the economic evaluations are pre-
sented as a narrative synthesis, detailing the type of intervention, method of economic evaluation, rate of preterm birth reduction, and
other methodological features.

3. Results
3.1. Search results

The electronic search strategy yielded 2014 articles. After removing 561 duplicates, 1453 studies were screened by title and ab-
stract by AC and SM for eligibility, with 153 full-text articles included for final review. Full-text reports were unavailable for five
studies: four conference abstracts and one thesis which could not be sourced. Details of all excluded full-text articles, along with a
reason for exclusion, can be found in Supplementary material 1C. Of the 148 full-text reports, 133 studies did not meet the inclusion
criteria and were excluded. Fifteen studies were included for analysis. Details of the process and reasons for exclusion are summarized
in the PRISMA flowchart (Fig. 2).

3.2. Scope of interventions and economic evaluations

Key characteristics of studies included in the review have been summarized in Table 2. Most studies were from high-income
countries with ten studies from the United States (Flick et al., 2010, Gareau et al., 2016, Grabner et al., 2021, Kozhimannil et al.,
2016, Lam et al., 2001, Lam et al., 2003, Morrison et al., 2001, Nianogo et al., 2019, Polinski et al., 2020, Salihu et al., 2014), one from
Austria (Kiss et al., 2006), Australia (Gao et al., 2023), and Canada (Harrison et al., 2001), one study focused on six low and
middle-income countries (Patterson et al., 2023), and one study from Vietnam (Le et al., 2020), a middle-income country.

Economic Article
Statistically evaluation included if
significant it meets all

preterm inclusion
birth criteria
Article on

preterm birth
reduction
program or
intervention

reduction
No economic
evaluation

Preterm birth Article
reduction not excluded
statistically with reason
significant

Fig. 1. Study selection process.
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Fig. 2. PRISMA flowchart.

3.3. Type of interventions

Interventions that reduced preterm birth included pharmacological treatments (Flick et al., 2010, Lam et al., 2001, Lam et al., 2003,
Le et al., 2020, Patterson et al., 2023), screening programs (Grabner et al., 2021, Kiss et al., 2006), nutrition supplements (Nianogo
et al., 2019), telemedicine service (Morrison et al., 2001), doula and prenatal care (Gareau et al., 2016, Kozhimannil et al., 2016), a
public health smoking-cessation campaign (Polinski et al., 2020), paternal involvement (Salihu et al., 2014), community antenatal
care (Harrison et al., 2001), and a comprehensive maternity service redesign (Gao et al., 2023).

3.4. Characteristics of economic evaluations

We identified ten full-economic evaluations (Gao et al., 2023, Grabner et al., 2021, Kiss et al., 2006, Kozhimannil et al., 2016, Lam
et al., 2001, Lam et al., 2003, Le et al., 2020, Nianogo et al., 2019, Patterson et al., 2023, Salihu et al., 2014) (which included nine
cost-effectiveness analysis and one cost-benefit analysis) and five cost-analyses (Flick et al., 2010, Gareau et al., 2016, Harrison et al.,
2001, Morrison et al., 2001), with five studies that used decision-analytic modelling in their assessment (Grabner et al., 2021, Koz-
himannil et al., 2016, Nianogo et al., 2019, Patterson et al., 2023, Salihu et al., 2014). The studies provided details of their data sources,
time horizon, method of analysis, year of pricing and costs included. All studies also described the study population, study setting,
intervention, and outcome measure and compared the intervention with alternate or standard practice. General characteristics of
included economic evaluations are described in Table 2.

The cost-effectiveness analyses examined the effects of subcutaneous tocolytics (subcutaneous terbutaline) compared to oral
tocolytics (oral nifedipine) on reducing preterm birth in singleton-pregnancies (Flick et al., 2010, Lam et al., 2003) and
twin-pregnancies (Lam et al., 2001); cervical pessaries in twin pregnancies in women with a short cervix (Le et al., 2020); a
screen-and-treat program for vaginal infections in asymptomatic pregnant women (Kiss et al., 2006); the effect that the father’s
involvement during pregnancy has on preterm birth (Salihu et al., 2014); the effects of a Doula service often opted for by low so-
cioeconomic status and ethnically diverse pregnant women on preterm birth rates (Kozhimannil et al., 2016); a comprehensive ma-
ternity service redesign (Birthing in Our Community) designed for First Nations women in Australia (Gao et al., 2023); the effect of
low-dose Aspirin on reducing preterm birth in nulliparous singleton pregnancies (Patterson et al., 2023); and a preterm birth pre-
diction test evaluated using decision analytic modelling (Grabner et al., 2021). The cost-benefit study used decision analytic modelling
to assess the effect of a nutrition program on preventing and reducing preterm birth in a hypothetical cohort of 500,000 low-income
pregnant women in California (Nianogo et al., 2019). The cost analyses examined: the effect of a telemedicine service on birth
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General characteristics of included economic evaluations

Evaluation characteristics

Evaluations (n =
15)

Evaluation references

Intervention type

Pharmacological 5 Flick 2010, Lam 2001, Lam 2003, Le 2020, Patterson 2023
Maternity service redesign 1 Gao 2023
Screening 2 Grabner 2021, Kiss, 2006
Doula service and Prenatal care 2 Gareau 2016, Kozhimannil 2016
Community or public health programs 2 Polinski 2020, Harrison 2001
Telemedicine 1 Morrison 2001
Nutrition 1 Nianogo 2019
Paternal involvement 1 Salihu 2014
Study type
Randomised controlled trial 2 Kiss 2006, Le 2020
Retrospective cohort study 7 Flick 2010, Gareau 2016, Harrison 2001, Lam 2003, Lam 2001, Morrison 2001, Salihu 2014
Prospective cohort observational study 1 Polinski 2019
Post-hoc cohort following randomized 1 Patterson 2023
controlled trial
Non-randomized interventional trial 1 Gao 2023
Economic modelling using observational 3 Grabner 2021, Kozhimannil 2016, Nianogo 2019
data
Type of evaluation
Cost-effectiveness analysis 9 Gao 2023, Grabner 2021, Kiss 2006, Kozhimannil 2016, Lam 2001, Lam 2003, Le 2020,
Patterson 2023, Salihu 2014
Cost-benefit analysis 1 Nianogo 2019
Costing study 5 Flick 2010, Gareau 2016, Harrison 2001, Morrison 2001, Polinski 2020
Decision analytic modelling 5 Grabner 2021, Kozhimannil 2016, Nianogo 2019, Patterson 2023, Salihu 2014
Country of evaluation
United States 10 Flick 2010, Gareau 2016, Grabner 2012, Kozhimannil 2016, Lam 2001, Lam 2003, Morrison
2001, Nianogo 2019, Polinski 2020, Salihu 2014
Australia 1 Gao 2023
Austria 1 Kiss 2006
Canada 1 Harrison 2001
Vietnam 1 Le 2020
Multiple countries 1 Patterson 2023
Evaluation perspective
Health system perspective 7 Gao 2023, Harrison 2001, Kiss 2016, Kozhimannil 2016, Morrison 2001, Patterson 2023,

Public, healthcare or payer or Third-party 4

payer perspective

Polinski 2020
Gareau 2016, Grabner 2021, Le 2020, Salihu 201

Societal perspective 1 Nianogo et al., 2019
Unclear or not reported 3 Flick 2010, Lam 2001, Lam 2003
Time horizon
<12 months 11 Flick 2010, Gao 2023, Harrison 2001, Kozhimannil 2016, Lam 2001, Lam 2003, Le 2020,
Morrison 2001, Patterson 2023, Polinski 2020, Salihu 2014
1 year 1 Gareau 2016
2-4 years 1 Grabner 2021
5-10 years 1 Kiss, 2016
Lifetime 1 Nianogo 2019
Box 1
Key terms
Term Definition

Cost-effectiveness analysis

Cost-benefit analysis

Perspective

Healthcare provider
perspective

Healthcare payer
perspective

Societal perspective

Time-horizon

A method of economic evaluation where costs of alternative programs, related to the same effect or outcome, are compared. The
results of these analyses are presented as the incremental cost per unit of the outcome (Drummond et al., 2015).

A method of economic evaluation where both costs and outcomes are measured in monetary terms. The costs and outcomes are
combined, and results presented as net monetary benefit (Drummond et al., 2015).

It is the viewpoint from which the economic evaluation is conducted (Drummond et al., 2015).

An analysis conducted from the health system perspective includes costs regardless of payer to provide healthcare and deliver
services borne by the health system or provider (Sittimart et al., 2024).

An analysis conducted from the healthcare payer perspective includes the costs incurred by a third-party health organisation related
to health care services. This perspective does not include costs incurred by the broader health system or provider (Sittimart et al.,
2024).

An analysis conducted from the societal perspective is the broadest and includes all healthcare costs including costs of travel, loss of
productivity including costs for a carer (Sittimart et al., 2024).

The time horizon used for an economic evaluation is the duration over which health outcomes and costs are calculated (York Health
Economics Consortium, 2016).
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outcomes and recurrent preterm labour (Morrison et al., 2001); a community antenatal program providing at-home healthcare services
for women following preterm labour which had been addressed (Harrison et al., 2001); and cost-savings and return-on-investment
through a prenatal smoking cessation program for low-income pregnant women in Colorado (Polinski et al., 2020); and of group
prenatal care compared with individual prenatal care on preterm birth reduction (Gareau et al., 2016).

The perspectives adopted by included studies were either that of a healthcare provider/payer or from a societal perspective. Seven
studies adopted a health system perspective (Gao et al., 2023, Harrison et al., 2001, Kiss et al., 2006, Kozhimannil et al., 2016,
Morrison et al., 2001, Patterson et al., 2023, Polinski et al., 2020), including four studies from a healthcare payer perspective (Gareau
etal., 2016, Grabner et al., 2021, Le et al., 2020, Salihu et al., 2014). Three studies were unclear about the perspective adopted for the
evaluation (Flick et al., 2010, Lam et al., 2001, Lam et al., 2003). These studies included direct costs of the intervention and other costs
associated with the hospital or health service, such as the cost of hospital admission and ongoing treatment. Economic evaluation of a
nutrition program adopted a societal perspective (Nianogo et al., 2019), and evaluation of a comprehensive maternity service redesign
conducted a sensitivity analysis from a societal perspective (Gao et al., 2023).

Most studies adopted a shorter time horizon (<1 year) limited to the period of the intervention and for a follow-up period while a
few opted for longer periods (>1 year). The shorter time horizons ranged from 11 weeks to 17 months except for one study (Nianogo
et al., 2019) which adopted a lifetime horizon. Only six studies (Gao et al., 2023, Grabner et al., 2021, Kiss et al., 2006, Kozhimannil
etal., 2016, Nianogo et al., 2019, Patterson et al., 2023), mentioned the time horizon for their evaluations and the others were inferred
from the article text. Eleven studies (Flick et al., 2010, Gao et al., 2023, Harrison et al., 2001, Kozhimannil et al., 2016, Lam et al.,
2001, Lam et al., 2003, Le et al., 2020, Morrison et al., 2001, Patterson et al., 2023, Polinski et al., 2020, Salihu et al., 2014) adopted a
time horizon of 12 months or less for both the mother and baby. Some studies had different time horizons for the mother and baby (Gao
etal., 2023, Grabner et al., 2021, Kiss et al., 2006, Kozhimannil et al., 2016, Nianogo et al., 2019). Three studies evaluated the baby for
longer time horizons of one year (Gareau et al., 2016), two and half years (Grabner et al., 2021), six years (Kiss et al., 2006), and over
the baby’s lifetime (Nianogo et al., 2019). Sensitivity analysis to establish confidence in results and account for uncertainty was
conducted in eight studies (Gao et al., 2023, Grabner et al., 2021, Kozhimannil et al., 2016, Le et al., 2020, Nianogo et al., 2019,
Patterson et al., 2023, Polinski et al., 2020, Salihu et al., 2014), while the others did not (Flick et al., 2010, Gareau et al., 2016, Harrison
etal., 2001, Kiss et al., 2006, Lam et al., 2001, Lam et al., 2003, Morrison et al., 2001). Further details on the characteristics of included
studies can be found in Supplementary material 2.

3.5. Source of evidence

Study designs included three randomized controlled trials (Kiss et al., 2006, Le et al., 2020, Patterson et al., 2023), one prospective
non-randomized intervention trial (Gao et al., 2023), one prospective cohort study (Polinski et al., 2020), nine retrospective cohort
studies (Flick et al., 2010, Gareau et al., 2016, Harrison et al., 2001, Kozhimannil et al., 2016, Lam et al., 2001, Lam et al., 2003,
Morrison et al., 2001, Salihu et al., 2014), and one study on a hypothetical cohort (Nianogo et al., 2019).

Several data sources were used to perform economic evaluations of interventions that reduced preterm birth, with all studies
employing multiple data sources for clinical and cost data. Eleven studies used data obtained either from clinical hospital databases
(Harrison et al., 2001, Kiss et al., 2006, Morrison et al., 2001), insurance claims data (Gareau et al., 2016, Grabner et al., 2021,
Kozhimannil et al., 2016), medical records (Le et al., 2020), or State and National in-patient and outpatient databases (Flick et al.,
2010, Lam et al., 2001, Lam et al., 2003, Salihu et al., 2014). Three studies (Kiss et al., 2006, Le et al., 2020, Patterson et al., 2023) used
clinical data from their primary randomized controlled trials, and two studies (Gao et al., 2023, Harrison et al., 2001), used data
collected during the primary roll-out of the service. One study (Polinski et al., 2020) collected prospective clinical data during the
study period while using secondary data sources for reference cohorts for comparison. Two studies (Gareau et al., 2016, Nianogo et al.,
2019) used statewide linked databases for costs and follow-up data. Studies also used a range of secondary data sources for clinical and
cost data such as previous literature (Grabner et al., 2021, Kozhimannil et al., 2016) related previous studies (Gao et al., 2023, Le et al.,
2020, Patterson et al., 2023), State and National survey data (Kozhimannil et al., 2016, Patterson et al., 2023, Polinski et al., 2020),
census data (Kozhimannil et al., 2016), financial reports (Salihu et al., 2014), and Centre for Disease Control cost estimates (Polinski
et al., 2020) World Health Organization and World Bank reports (Patterson et al., 2023) and country-specific healthcare guidelines
(Gao et al., 2023, Patterson et al., 2023).Two studies sought expert opinion for consensus on assumptions employed for cost data (Gao
et al., 2023, Grabner et al., 2021).

3.6. Key data concerns

Data concerns expressed in the studies included a lack of matching or randomization (Flick et al., 2010, Gao et al., 2023, Grabner
et al., 2021, Harrison et al., 2001, Kozhimannil et al., 2016, Lam et al., 2001, Lam et al., 2003, Morrison et al., 2001, Nianogo et al.,
2019, Polinski et al., 2020, Salihu et al., 2014), placebo controls (Lam et al., 2001, Lam et al., 2003), insufficient data on key de-
mographic parameters (Gareau et al., 2016, Kozhimannil et al., 2016, Salihu et al., 2014), data not collected on racial and ethnic
subgroups (Grabner et al., 2021, Nianogo et al., 2019), lack of clarity on collection or control for potential confounders (Flick et al.,
2010, Grabner et al., 2021, Nianogo et al., 2019), or failure to control for all identified potential confounders (Polinski et al., 2020),
and a lack of follow-up data (Gareau et al., 2016, Le et al., 2020, Patterson et al., 2023). Most studies used secondary sources for costing
data as their primary data source failed to capture them. These studies relied on published costings of goods and services from the
relevant health services, published reports and hospital-level cost estimates (Grabner et al., 2021, Kozhimannil et al., 2016, Le et al.,
2020, Nianogo et al., 2019).Data limitations included an inability to link data across hospitals in the study region (Harrison et al.,



A. Chadha et al. International Journal of Nursing Studies Advances 7 (2024) 100228

2001); difficulty in actual cost estimation during the study period (Lam et al., 2001, Lam et al., 2003); access difficulties for clinical and
cost data for out-of-hospital appointments (Kiss et al., 2006, Salihu et al., 2014); lack of generalizability of results due to patients not
enrolled in national outpatient surveillance programs (Flick et al., 2010), due to state or country-specific data, (Kozhimannil et al.,
2016, Nianogo et al., 2019, Patterson et al., 2023) or due to chosen study methods (Gareau et al., 2016); effectiveness of an inter-
vention based on trial data and not country-specific estimates(Patterson et al., 2023); lack of data on indirect costs (Salihu et al., 2014),
or on intervention parameters in the control group (Polinski et al., 2020). The studies that used decision-analytic modelling as their
methodology expressed concerns over parameter estimation (Gareau et al., 2016, Grabner et al., 2021, Kozhimannil et al., 2016,
Nianogo et al., 2019, Salihu et al., 2014).

3.7. Outcome measures

Ten studies reported on cost savings achieved through the preterm birth-reducing intervention as compared to an alternative or
standard care provision. Two studies presented cost-savings and return on investment through a smoking cessation program (Polinski
et al., 2020) and group prenatal care (Salihu et al., 2014). A cost-benefit study reported net-monetary benefit per quality-adjusted life
year gained, and return-on-investment achieved through a nutrition program (Nianogo et al., 2019). A multi-country cost-effectiveness
study reported cost-effectiveness per preterm birth averted and per disability-adjusted life year averted (Patterson et al., 2023). All
studies presented an economic benefit, except one study where no significant cost savings were observed (Harrison et al., 2001).

3.8. Cost-effectiveness and cost-saving

Thirteen of the fifteen studies reported cost-savings, including nine cost-effectiveness studies and four cost analyses. Three in-
terventions (Gao et al., 2023, Kozhimannil et al., 2016, Le et al., 2020) a doula service in the United States, a comprehensive maternity
service redesign for First Nations women in Australia and a cervical pessary for preterm birth reduction in twin pregnancies, were
intervention dominant (less costly and more effective than standard care or the comparator) demonstrated through sensitivity analysis.
A doula service, compared to standard care (no doula service provision), was associated with 22 % reduced odds of preterm birth [aOR
0.77 (0.61,0.96) 95 % CI]. Through simulations, it was found that this option was cost-saving in 73.3 % of cases and cost-effective in
25.3 % of cases. A doula reimbursement of US$986 on average would need to be made to Medicaid-eligible participants for doula
services (Kozhimannil et al., 2016). The comprehensive maternity service redesign for First Nations women led to a 5.34 % (—8.69 %,
—1.98 %, 95 % CI) reduction in the preterm birth rate among women having First Nations babies compared to women receiving
standard care and was associated with a cost saving of AUD$4,810 [95 % CI —7519, —2101] per mother-baby pair. Sensitivity analysis
was conducted from the societal perspective, and included out-of-pocket costs to the women which led to a cost-saving of AUD$4,
835.39 (95 % CI —7558.47, —2112.30) per mother-baby pair (Gao et al., 2023).

A randomized trial of cervical pessaries compared to vaginal progesterone in women with twin pregnancies and cervical length
<38mm, resulted in 48.7 % preterm births in the cervical pessary group compared to 60.7 % in the vaginal progesterone group [RR
0.81 (0.66-0.99 95 % CI)] along with a cost-saving of €424 (95 % CI, —-842 to -3 €) per woman. In 71.5 % of the simulations run as part
of the sensitivity analysis, the pessary intervention was less costly and more effective compared to vaginal progesterone (Le et al.,
2020).The effect of tocolytics on reducing recurrent preterm birth in singleton pregnancies was reported in two studies and cost es-
timates for both included antepartum, nursery and outpatient charges. Flick et.al examined the effect of treating recurrent preterm
labour with subcutaneous terbutaline compared to oral nifedipine and found that this replacement led to an 8 % [(OR 0.72, (0.58,0.90
95 % CI)] reduction in preterm birth (<37 weeks), reduced nursery admission and led to a mean cost-saving of US$2,738 for the
Terbutaline group (Flick et al., 2010). A similar study reported a 10.7 % reduction in preterm birth (<35 weeks) and a mean
cost-saving of US$5,286 per patient (excluding physician and delivery charges), while also reducing admissions to the neonatal
intensive care unit (Lam et al., 2003). The effect of subcutaneous terbutaline compared with oral tocolytics for recurrent preterm
labour in twin pregnancy showed a 13.9 % reduction in preterm birth (<35 weeks) with a median cost-saving of US$17,109/pregnancy
(Lam et al., 2001).

A preterm birth prediction test predicted the likelihood of spontaneous preterm birth and hence prevented preterm birth through
case management and pharmacological measures (Grabner et al., 2021). This approach could lead to a 20 % reduction in preterm birth
with a cost savings of US$863 per pregnant woman enrolled and additional savings of US$61,581 per preterm birth prevented. Cost
estimates for any neonatal or childhood developmental issues arising due to preterm birth were included. Screening for vaginal in-
fections reduced preterm births, with preterm births in the intervention group being 3 % (2.30,3.80 95 %CI) compared to 5.3 % in the
control group (4.40,6.40,95 %CI). Net cost savings of €620 per woman screened, including costs of screening and ongoing treatment if
needed. T\An additional savings of €56,228 per preterm birth prevented was estimated and included costs for hospitalization,
treatment costs and any outpatient costs from birth to 6 years had the baby been born preterm (Kiss et al., 2006).

A group prenatal care program, CenteringPregnancy decreased the risk of preterm birth by 36 % [RR = 0.64 (0.52-0.79)]. Itled to a
cost-savings of US$22,667 /preterm birth prevented on health expenses for the first year of the infant’s life and a return-on-investment
of $1,814 per participant on average when compared to individual prenatal care. The authors concluded that group prenatal care can
(Gareau et al., 2016). Paternal involvement during pregnancy led to a preterm birth reduction of 3 % compared to when the father was
uninvolved and a cost saving of US$1827 per birth from avoiding future health expenditure. Sensitivity analysis for parameter un-
certainty showed that the results were intervention-dominant with cost-savings (Salihu et al., 2014).

A telehealth service was assessed for cost-effectiveness using cost analysis methodology, among women with preterm labour who
had been stabilized (Morrison et al., 2001).The group that received telemedicine services had a greater gestational age of 38.2 weeks
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(about 9 months) compared to 35.3 weeks (about 8 months) and showed a 35.8 % reduction in preterm birth at <35 weeks GA
(Morrison et al., 2001).The telemedicine cohort showed an average cost-savings of $14,459 ($3,342-$25,575 95 %CI), per pregnancy
compared to the control group. The Baby and Me Tobacco Free program for low-income women who had self-reported as smokers 3
months before pregnancy, was aimed at improving birth outcomes and cost-savings, compared with two reference groups (Polinski
et al., 2020).The incidence of preterm birth in the intervention group was 9 % (7.80,10.20 95 % CI) compared to 12.4 % (11.90,12.90
95 % CI) and 11.4 % (8.20,14.70 95 %CI) in the reference groups. The cost-savings for this program ranged between US$2,182 and US
$6,040 per person enrolled in the program, with a return on investment of US$2.79 and US$7.79 compared with the reference groups
(Polinski et al., 2020).

The cost-effectiveness of low-dose aspirin provided daily to nulliparous women with singleton pregnancies compared to standard
care was assessed in a multi-country study focused on low and middle-income countries. The cost-effectiveness analysis was based on a
previous randomized controlled trial and utilized the data collected at the time. The low-dose aspirin cohort reduced preterm birth [RR
0.89(0.81-0.98)] and averted 141 (85.80-185.80,95 % CI) preterm births per 10000 pregnancies. The median cost-effectiveness was
US$248 (187-97-407-16) per preterm birth averted. There were no significant cost-savings through an in-home nursing program
following preterm labour among women who were being monitored at home (Harrison et al., 2001).

3.9. Cost-benefit

A cost-benefit study reported a net monetary benefit per participant of US$3489/quality-adjusted life year gained with a return-on-
investment of US$2.48 (US$1.24 to US$6.83) for every US$1 spent on a nutrition program for women, infants, and children in Cal-
ifornia. It was shown through decision analytic modelling that this intervention would prevent 2.69 % of preterm births, with a cost-
saving of US$1,239 per preterm birth prevented (Nianogo et al., 2019).

4. Discussion

To our knowledge, this review is the first of its kind to examine the economic impact of health programs and interventions that have
reduced preterm birth. A carefully designed search strategy identified fifteen studies between 2000-2023. Interventions were diverse
in their type, design, location, method of evaluation, costs considered, outcome measures, data sources, perspective, and time horizon
of the evaluation. Similarly, studies followed different economic methodologies: cost-effectiveness, cost-benefit and cost savings and
return-on-investment analyses. The studies informed by randomized controlled trials (Kiss et al., 2006, Le et al., 2020, Patterson et al.,
2023) and the cohort studies (Flick et al., 2010, Gao et al., 2023, Gareau et al., 2016, Harrison et al., 2001, Lam et al., 2001, Lam et al.,
2003, Morrison et al., 2001, Salihu et al., 2014) had access to patient-level data, while other evaluations (Grabner et al., 2021, Nianogo
et al., 2019, Polinski et al., 2020) relied on National or regional health databases, insurance and healthcare claims data, or published
sources that provided aggregate data for a country or region for the economic evaluation. As economic evaluations inform
decision-making and are instrumental in policy decisions, ensuring that results are robust is key. Sensitivity analyses provide
robustness to the findings and enable the generalizability of results to wider populations, especially where multiple data sources are
employed (Walker and Fox-Rushby, 2001). These are recommended for economic modelling studies where assumptions are used
(Drummond et al., 2015). All five modelling studies (Gao et al., 2023, Grabner et al., 2021, Kozhimannil et al., 2016, Le et al., 2020,
Nianogo et al., 2019, Patterson et al., 2023, Polinski et al., 2020, Salihu et al., 2014) conducted a sensitivity analysis for uncertainty.

In this review a nutrition program and a smoking cessation intervention designed for women of low socio-economic status (Nianogo
etal., 2019, Polinski et al., 2020), a doula service catering to and used by ethnic minorities (Kozhimannil et al., 2016), and a maternity
service redesign, which was codesigned with First Nations communities for First Nations women in Australia (Gao et al., 2023) were
the only programs catering to culturally and socio-economically diverse population where the highest preterm birth rates are seen.
Doran et al. (2022) reported on the dearth of programs aimed at diverse populations, as well as the paucity of economic evaluations, in
a recent systematic review.

The healthcare perspective considers healthcare costs such as costs of intervention, inpatient and outpatient costs, patient services,
and medication. A societal perspective includes societal costs such as direct, and indirect economic consequences as well as intangible
costs such as loss of productivity and/or wages due to an illness, prolonged disability, or premature death (Drummond et al., 2015), of
which are more complex to measure. The perspective is a key criterion for decision-making purposes while conducting evaluations of
this nature, and the choice of time horizon is dependent upon the intervention and condition under study (York Health Economics
Consortium, 2016). However, these are often challenging to conduct as could necessitate lengthy longitudinal studies dependent on the
study duration and are therefore not always feasible.

Decision analytic modelling is relied on as a tool to conduct short and long-term economic evaluations through forecasting and
analyzing trends in the data. The results from economic evaluations that have adopted shorter time horizons could be used to inform
and conduct longer evaluations using decision analytic modelling. Adopting a lifetime horizon to fully understand the effects of an
intervention is recommended, especially for chronic conditions or those having lifelong implications (Drummond et al., 2015). Despite
the heterogeneity of interventions and economic evaluations, studies included reported lower costs and improved outcomes overall.

Our review was limited to successful interventions published since the year 2000, to ensure the most recent advances in preterm
birth reduction were included. We acknowledge our selection may have resulted in the elimination of some successful programs still in
practice. We also acknowledge the potential bias of selecting only successful interventions, as we cannot definitively report on the cost-
effectiveness of all preterm birth reduction interventions.
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5. Conclusion

Economic evaluations provide much needed evidence of the economic benefit to health services and the community. Preterm birth
places a high economic burden on health systems and society, yet our review found limited economic evaluations of successful pre-
vention and reduction initiatives, including long-term benefits. We recommend that economic evaluations, including those that
analyse costs over a long period, be incorporated in all future programs that aim to reduce preterm birth.
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