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Abstract
Background  Maternal-perinatal interventions delivered during pregnancy or childbirth have unique characteristics that 
impact the health-related quality of life (HRQoL) of the mother, fetus, and newborn child. However, maternal-perinatal 
cost-utility analyses (CUAs) often only consider either maternal or child health outcomes. Challenges include, but are not 
limited to, measuring fetal, newborn, and infant health outcomes, and assessing their impact on maternal HRQoL. It is also 
important to recognize the impact of maternal-perinatal health on family members’ HRQoL (i.e., family spillover effects) 
and to incorporate these effects in maternal-perinatal CUAs.
Objective  The aim was to systematically review the methods used to include health outcomes of pregnant women, fetuses, 
and children and to incorporate family spillover effects in maternal-perinatal CUAs.
Methods  A literature search was conducted in Medline, Embase, EconLit, Cochrane Collection, Cumulative Index to Nursing 
and Allied Health Literature (CINAHL), International Network of Agencies for Health Technology Assessment (INAHTA), 
and the Pediatric Economic Database Evaluation (PEDE) databases from inception to 2020 to identify maternal-perinatal 
CUAs that included health outcomes for pregnant women, fetuses, and/or children. The search was updated to December 
2022 using PEDE. Data describing how the health outcomes of mothers, fetuses, and children were measured, incorporated, 
and reported along with the data on family spillover effects were extracted.
Results  Out of 174 maternal-perinatal CUAs identified, 62 considered the health outcomes of pregnant women, and children. 
Among the 54 quality-adjusted life year (QALY)-based CUAs, 12 included fetal health outcomes, the impact of fetal loss on 
mothers’ HRQoL, and the impact of neonatal demise on mothers’ HRQoL. Four studies considered fetal health outcomes 
and the effects of fetal loss on mothers’ HRQoL. One study included fetal health outcomes and the impact of neonatal demise 
on maternal HRQoL. Furthermore, six studies considered the impact of neonatal demise on maternal HRQoL, while four 
included fetal health outcomes. One study included the impact of fetal loss on maternal HRQoL. The remaining 26 only 
included the health outcomes of pregnant women and children. Among the eight disability-adjusted life year (DALY)-based 
CUAs, two measured fetal health outcomes. Out of 174 studies, only one study included family spillover effects. The most 
common measurement approach was to measure the health outcomes of pregnant women and children separately. Various 
approaches were used to assess fetal losses in terms of QALYs or DALYs and their impact on HRQoL of mothers. The most 
common integration approach was to sum the QALYs or DALYs for pregnant women and children. Most studies reported 
combined QALYs and incremental QALYs, or DALYs and incremental DALYs, at the family level for pregnant women 
and children.
Conclusions  Approximately one-third of maternal-perinatal CUAs included the health outcomes of pregnant women, fetuses, 
and/or children. Future CUAs of maternal-perinatal interventions, conducted from a societal perspective, should aim to 
incorporate health outcomes for mothers, fetuses, and children when appropriate. The various approaches used within 
these CUAs highlight the need for standardized measurement and integration methods, potentially leading to rigorous and 
standardized inclusion practices, providing higher-quality evidence to better inform decision-makers about the costs and 
benefits of maternal-perinatal interventions. Health Technology Assessment agencies may consider providing guidance for 
interventions affecting future lives in future updates.
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Key Points 

Maternal-perinatal interventions are unique because they 
impact the health outcomes of pregnant women, fetuses, 
and children, requiring the inclusion of quality-adjusted 
life years (QALYs) or disability-adjusted life years 
(DALYs) of all these individuals in cost-utility analyses 
(CUAs) from a societal perspective when appropriate.

Only about one-third of the CUAs of maternal-perinatal 
intervention consider the health outcomes of pregnant 
women, fetuses, and/or children, and only one study 
considered family spillover effects, potentially resulting 
in an incomplete understanding of their benefits and 
inequitable policymaking.

The methods for quantifying fetal losses in QALYs 
or DALYs and their effects on maternal health-
related quality of life are not well-established; further 
conceptual and empirical work is needed.

1 � Background

Maternal-perinatal interventions are those delivered during 
pregnancy or childbirth. Effective maternal-perinatal inter-
ventions, whether in the form of screening, diagnostic, pre-
ventive, or therapeutic interventions, can improve the short-
term and long-term health and well-being of the mother and 
child [1–6]. They have been shown to significantly decrease 
maternal mortality, fetal death, and neonatal mortality 
[7–10]. For example, maternal vaccination during influenza 
and other infectious diseases reduces morbidity and mortal-
ity for pregnant women and their newborns [2, 9–12]. Pre-
natal congenital heart disease (CHD) screening, followed by 
appropriate treatments, is associated with improved newborn 
survival and health outcomes [13–17]. Smoking cessation 
during pregnancy reduces congenital disabilities, preterm 
birth, and low birth weight, providing long-term benefits for 
mothers and infants [18–21]. Nutritional interventions such 
as folic acid and iron supplementation for pregnant women 
in low-income countries have been correlated with long-
term health benefits for mothers and the healthier develop-
ment of fetuses [4, 22, 23]. However, it is important to note 
that some maternal-perinatal treatments aimed at improving 
the fetus’s health may entail a risk to the mother’s health and 
well-being and vice versa [24].

Maternal-perinatal health also affects the health and well-
being of fathers, partners, and other offspring [25–32]. These 

effects are referred to as ‘family spillover effects’ [33–37]. 
Family spillover effects can occur during pregnancy and per-
sist after childbirth if the child and/or mother experiences ill-
ness or disability [26, 38–42]. Family spillover effects stem 
from two sources: the family effect and the caregiving effect. 
Family effects (‘caring about others’) arise from the direct 
impact of patients’ health on the physical health, psychologi-
cal health, emotional well-being, quality of life, and over-
all well-being (including happiness and life satisfaction) of 
family members [33, 34, 43, 44]. These effects result when 
family members witness the suffering or declining health 
or death of their loved one (a child or mother or both). Car-
egiving effects (‘caring for others’) occur in those who pro-
vide care for a family member who is ill or has a disability 
[33, 34, 43, 44]. Participating in physically and emotionally 
demanding caregiving over extended durations may lead to 
psychological distress, depression, anxiety, and other men-
tal health challenges for caregivers [45–47]. Consequently, 
interventions aimed at improving the health outcomes of 
mothers and/or children can have a ripple effect, leading to 
improved health and well-being for family members.

In both public and private healthcare systems, economic 
evaluations, often in the form of cost-utility analysis (CUA), 
are used to assess the value of interventions [48–50]. Health 
outcomes in CUA are expressed in quality-adjusted life 
years (QALYs) or disability-adjusted life years (DALYs). 
Current economic evaluation guidelines do not specify when 
the health outcomes of both pregnant women and children 
should be included. The guidelines recommend that CUAs 
from the societal perspective should consider all costs and 
outcomes related to the intervention [48–50]. For example, 
the second US Panel on Cost-Effectiveness in Health and 
Medicine recommends that the societal perspective include 
all costs and health benefits, regardless of who incurs the 
costs and to whom the benefits accrue [50]. This implies 
a need to consider a broader range of health outcomes in 
maternal-perinatal interventions, including maternal health 
outcomes during and after pregnancy, fetal health outcomes, 
child health outcomes after birth, and family spillover 
effects.

Most maternal-perinatal CUAs have focused on either 
maternal or child health outcomes. For example, Hulst 
et al. found that only 34% (28/82) of CUAs on obstetric 
care treatments considered both maternal and newborn 
health outcomes [51]. In another review of maternal and 
newborn health service use in low- and lower-middle-
income countries, only three of 48 CUAs included both 
maternal and newborn health outcomes [52]. These reviews 
did not assess the inclusion of family spillover effects.

Several methodological challenges are apparent when 
incorporating mother and child health outcomes, including 
difficulties in measuring children’s health status, combining 
maternal and child health outcomes, and constructing 
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decision-analytic models that capture health states of 
the child and mother. These challenges are not unique to 
maternal-perinatal CUAs – they also arise in CUAs of 
pediatric health interventions when considering family 
spillover effects [35–37, 53, 54]. Distinctive challenges 
specific to maternal-perinatal CUAs involve measuring and 
valuing fetal losses as part of composite health outcome 
measures like QALYs or DALYs and measuring the impact 
of fetal losses on parents’ health-related quality of life 
(HRQoL) [30, 51, 55]. HRQoL refers to how effectively 
a person functions in various aspects of life and their 
subjective sense of well-being across physical, mental, and 
social health domains [56]. These methodological challenges 
may have hindered the inclusion of maternal, fetal, and child 
health outcomes into CUAs.

Given these methodological challenges, understanding 
how existing maternal-perinatal CUAs have considered the 
health outcomes of pregnant women, fetuses, and offspring 
is a critical first step toward developing standardized 
methods. Gaining a better understanding of the strategies 
used will help to establish a uniform approach to ensure 
that future maternal-perinatal CUAs consider the health 
outcomes of all affected individuals. This systematic review 
aims to investigate the approaches used by researchers in 
measuring, incorporating, and reporting health outcomes of 
pregnant women, fetuses, and children in maternal-perinatal 
CUAs. For the purpose of this review, ‘children’ indicates 
offspring, including neonates, newborns, and/or infants, 
defined as those from birth to 1 year of age Additionally, this 
review assesses the frequency with which maternal-perinatal 
CUAs included family spillover effects and the approaches 
used to consider these effects.

2 � Methods

2.1 � Data Sources and Search Strategy

A literature search was conducted in seven electronic 
bibliographic databases: Medline, Embase, EconLit, 
Cochrane Collection, Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), International Network 
of Agencies for Health Technology Assessment (INAHTA), 
and Pediatric Economic Database Evaluation (PEDE). These 
databases were searched from their inception to November 
16, 2020. Additionally, the report repositories of two Health 
Technology Assessment (HTA) agencies, the Canadian 
Agency of Drugs and Technologies in Health (CADTH) 
and the National Institute for Health and Care Excellence 
(NICE), were also searched. The PEDE (pede.ccb.sickkids.
ca/pede/index.jsp) database contains pediatric economic 
evaluations identified from a wide array of databases, 
including all of the databases originally searched and over 

70 HTA academic and government websites [57]. The 
database is updated annually. PEDE was used to update 
the search through December 2022. A comprehensive 
search strategy was developed using search terms identified 
from published literature reviews and combining these 
search terms to identify cost-effectiveness analysis (CEA) 
and CUA affecting the fetus, premature birth, neonates, 
newborns, and pregnancy [36, 51, 52, 58, 59]. A combined 
search for both pediatric CUAs [44] and maternal-perinatal 
CUAs was conducted. The search strategy also incorporated 
terms to identify CEAs and CUAs in neonates, newborns, 
infants, children, and adolescents [44]. The search strategy 
for Medline is provided in Supplementary Fig. 1 (see the 
electronic supplementary material). The results of pediatric 
CUAs are reported elsewhere [44]. Articles generated by 
all database searches were compiled and duplicates were 
removed using EndNote X8.2. This review adhered to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement to the extent possible given 
the focus on methods [60]. The systematic review protocol 
was not registered.

2.2 � Study Selection

Inclusion criteria were applied in two stages. Initially, 
a single researcher (RL) screened titles and abstracts, 
retaining studies that included pregnant women, mothers, 
fetuses, and newborns, with health outcomes measured in 
QALYs or DALYs. For this review, ‘fetus’ was defined 
as an offspring from the embryo stage until birth. The 
requirement for studies to be published in a peer-reviewed 
journal and written in English was incorporated at the 
first stage. After the title and abstract review, full texts of 
potentially eligible articles were acquired. Studies were 
excluded if study participants, or any subset of the sample 
presented by study authors, were not pregnant women, 
fetuses, or newborns. Next, studies were excluded if they 
were not original CUAs, i.e., economic evaluations that 
did not use QALYs or DALYs to quantify health outcomes. 
Lastly, studies must have included health outcomes of both 
pregnant women (mothers) and fetuses and/or newborns. 
Reference lists of included studies were manually 
searched for further studies. Maternal-perinatal CUAs 
that considered family spillover effects in addition to the 
health outcomes of pregnant women, fetuses, or newborns 
were included.

2.3 � Data Extraction and Synthesis

The following descriptive data were extracted from 
eligible studies by a single researcher (RL) using a 
standardized data collection form: (1) bibliographic 
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information; (2) country of the population; (3) disease/
condition; (4) participants; (5) aim/objective of the study; 
(6) perspective and time horizon; and (7) intervention(s) 
and comparator(s). Furthermore, the following information 
was extracted from included studies: (1) reported health 
utilities or QALYs or DALYs of pregnant women and 
fetuses and/or newborns; (2) methods used to combine 
the health outcomes of pregnant women and fetuses and/or 
newborns; and (3) approaches for reporting the impacts of 
a maternal-perinatal intervention on pregnant women and 
children. Finally, data on family spillover effects, including 
(1) the family members considered, (2) the instrument or 
approach used to measure family spillover effects, and 
(3) the form in which these effects were measured and 
expressed (e.g., disutility or decrement in utility, QALYs, 
and QALY loss), were extracted. The approaches used 
to measure, integrate, and report the health outcomes 
of pregnant women and children were tabulated and 
described. Health conditions/diseases were categorized by 
the International Classification of Diseases 10th revision 
(ICD-10) guidelines [61]. The synthesis was carried out 
separately for QALY-based and DALY-based maternal-
perinatal CUAs. Common methods and approaches were 
grouped conceptually. The lead author (RL) regularly met 
with co-authors to discuss the results. Any disagreements 
during the screening and data extraction phases were 
resolved through discussions with co-authors.

3 � Results

3.1 � Search Results

Figure 1 illustrates an overview of the search and retrieval 
processes. The literature search yielded 27,070 articles. Fol-
lowing duplicate removal, 24,395 articles were eligible for 
review. The full texts of 146 studies were accessed in the 
second stage. Among these, 39 studies met the inclusion cri-
teria, and 107 studies were excluded for not being maternal-
perinatal CUAs (n = 12), not being CUAs studies (n = 7), or 
not incorporating health outcomes of pregnant women and 
fetuses or newborns (n = 88). A search of the PEDE data-
base between November 2020 and December 2022 yielded 
41 maternal-perinatal CUAs, of which 17 met the inclusion 
criteria. An additional six studies were identified through 
manual reference searching of included studies and previous 
reviews. Thus, 62 studies were eligible.

3.2 � Study Characteristics

Table 1 summarizes the 62 studies included in this review. 
Additional information on study characteristics is available 

in Supplementary Table 1 (see the electronic supplementary 
material). Fifty-four studies (87%) were QALY-based CUAs, 
and eight (13%) were DALY-based CUAs. The lower 
number of DALY-based CUAs reflected the fewer CUAs 
conducted in low- and middle-income countries. Delivery (n 
= 13, 21%) and diabetes mellitus in pregnancy (n = 7, 11%) 
were the most common disease or health condition (ICD-
10 categories) studied. Screening or diagnostic strategy 
was the most common type of intervention (n = 21, 34%). 
Thirty-two studies (50%) were conducted from the societal 
perspective. Fifty-nine studies were model-based CUAs 
with inputs obtained from published literature, while the 
remaining three were trial-based CUAs [63–65].

3.3 � Incorporating Health Outcomes of Pregnant 
Women, Fetuses, and Children in QALY‑based 
CUAs

Table  2 summarizes the approaches used to measure, 
integrate, and report the health outcomes of pregnant 
women, fetuses, and newborns. Among the 54 QALY-based 
CUAs, 12 included fetal health outcomes, the impact of fetal 
loss on mothers’ HRQoL, and the impact of neonatal demise 
on mothers’ HRQoL. Four studies considered fetal health 
outcomes and the effects of fetal loss on mothers’ HRQoL. 
One study included fetal health outcomes and the impact 
of neonatal demise on maternal HRQoL. Furthermore, 
six studies considered the impact of neonatal demise on 
maternal HRQoL, while four included fetal health outcomes. 
One study included the impact of fetal loss on maternal 
HRQoL. The remaining 26 only included the health 
outcomes of pregnant women and children. Additional 
information is available in Supplementary Table 2 (see the 
electronic supplementary material).

3.3.1 � Measuring Health Outcomes of Pregnant Women, 
Fetuses, and Children

In most studies (n = 50, 93%), health utilities were 
assessed separately for pregnant women and children; 
subsequently, separate QALYs were estimated. Fourteen 
of these studies also considered disutility and/or QALY 
losses due to disease(s) [64, 66–78]. Two studies measured 
health outcomes as QALY losses due to disease(s) or 
conditions in pregnant women and children [79, 80]. Two 
studies measured the QALYs of the pregnant woman–child 
dyad [81, 82]. This approach considers the joint QALYs 
of the pregnant woman and the child, rather than 
estimating separately and adding QALYs together. Finally, 
Culligan et al. measured the health utility of a pregnant 
woman–child dyad [83]. The health utilities of the pregnant 
woman–child dyad represent the combined current health 
states of both the pregnant woman and the child. Expert 
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panels comprising healthcare providers assigned varying 
health utilities to clinical scenarios involving the mother 
and newborn. For instance, a utility of 0.5 was assigned 
for a mother with anal incontinence and a healthy child, 
and 0.35 for a child with severe permanent brachial plexus 
injury and anal incontinence in the mother. Subsequently, 
QALYs of the maternal–neonatal dyad were calculated.

Most QALY-based CUAs did not measure or include the 
value of fetal losses in their analyses. A fetal loss is defined 
at the loss of a fetus at any time during pregnancy [84]. 
Among the 21 studies (39%) that considered the value of 
fetus losses, researchers assigned a utility of '0' in 19 studies 
[63, 67, 70, 76, 85–99]. The remaining two studies meas-
ured the fetal losses as QALYs lost [77, 100]. The QALYs 
lost associated with a stillbirth was estimated at 25 QALYs, 
which is an approximation of the discounted QALYs at a rate 

of 3.5% per year expected from a full life expectancy of 80 
years in perfect health.

Seventeen QALY-based CUAs (31%) considered the 
impact of fetal loss on the mother’s HRQoL. In 11 studies 
[67, 85–87, 89, 91, 93, 94, 96, 97, 99], a utility value of 0.92 
was assigned to mothers who experienced a fetal loss, based 
on the research conducted by Kuppermann et al. [101]. How-
ever, the duration of the effects of fetal loss on maternal 
HRQoL varied widely across studies, ranging from 1 year 
to the remainder of the maternal life or until menopause. In 
some studies, the duration of the effects on maternal HRQoL 
varied based on the gestational age at which fetal death 
occurred. For example, intrauterine death was assumed to 
impact the mother's HRQoL for 10 years, while termination 
of pregnancy was assumed to impact the mother's HRQoL 
for 2 years [86]. In three studies [76, 98, 102], a utility value 
of 0.76 was assigned for mothers who experienced a fetal 

Fig. 1   Preferred reporting items 
for systematic reviews and 
meta-analyses.
*Between November 2020 and 
December 2022, 41 maternal-
perinatal CUAs were identified. 
CUA​ cost-utility analysis
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Table 1   Summary of 
characteristics of maternal-
perinatal cost-utility analyses 
including health outcomes of 
the pregnant woman, fetus, and 
child (n = 62)

HIV human immunodeficiency virus; ICD-10 International Classification of Diseases,Tenth Revision
a Not mutually exclusive

n (%)

Health outcome measured in
 Quality-adjusted life years (QALYs) 54 (87)
 Disability-adjusted life years (DALYs) 8 (13)

Publication year
 1995–2000 1 (2)
 2000–2005 9 (15)
 2006–2010 8 (13)
 2011–2015 10 (16)
 2016–2020 16 (26)
 2021–2022 18 (29)

Disease or health condition (ICD-10) category
 Delivery 13 (21)
 Diabetes mellitus in pregnancy 7 (11)
 Influenza and pneumonia 5 (8)
 Maternal infectious and parasitic disease 4 (6)
 HIV disease complicating pregnancy, childbirth, and puerperium 3 (5)
 Whooping cough 3 (5)
 Viral infections characterized by skin and mucous membrane lesions 2 (3)
 Pre-eclampsia 2 (3)
 Fetus and newborn affected by complications of placenta, cord, and membranes 2 (3)
 Disorders related to length of gestation and fetal growth 2 (3)
 Congenital malformations of the circulatory system 2 (3)
 Others 17 (27)

Intervention type
 Screening or diagnostic 21 (34)
 Childbirth and delivery 15 (24)
 Vaccination 8 (13)
 Others 18 (29)

Country of population
 USA 36 (58)
 United Kingdom 8 (13)
 Ghana 2 (3)
 Others 16 (26)

Group(s) of target population included in study
 Pregnant women 16 (26)
 Pregnant women and neonates 10 (16)
 Fetuses 9 (15)
 Pregnant women and perinates 7 (11)
 Neonates 5 (8)
 Pregnant women and fetuses 5 (8)
 Neonates and infants 4 (6)
 Perinates 2 (3)
 Pregnant women, neonates, and infants 2 (3)
 Pregnant women and children 2 (3)

Perspectivea

 Societal 32 (50)
 Healthcare system 23 (36)
 Mother and neonatal 2 (3)
 Not stated 7 (11)
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loss. Two studies measured the impact of fetal loss as a disu-
tility to a mother’s utility [70, 103]. Disutility refers to the 
decrease in a woman’s utility caused by a fetal loss. For 
instance, Jones et al. applied a disutility of 0.1 to women 
who experienced fetal loss [70], but the authors were unclear 
about the duration of this disutility. Finally, Alkmark et al. 
conducted a CUA comparing induction of labor at 41 weeks 
with expectant management until 42 weeks alongside a rand-
omized controlled trial [63]. The authors used the EQ-5D to 
measure mothers' HRQoL, including the impact of fetal loss.

Nineteen QALY-based studies (35%) incorporated the 
impact of neonatal death on the mother’s HRQoL. Neo-
natal demise (or death) is defined as the death of a live 
born infant within the first 28 completed days of life [84]. 
In 12 studies [75, 83, 85, 86, 88, 89, 91, 92, 94, 96, 104, 
105], a utility of 0.92 was assigned to mothers who had 

experienced neonatal demise, while five studies used a 
utility of 0.76 [76, 87, 93, 97, 102]. Alkmark et al. meas-
ured the impact of neonatal death on mother’s HRQoL 
using the EQ-5D [63]. In the remaining study, the effects 
were measured using QALYs of the pregnant woman–child 
dyad. For instance, researchers assigned 15.3 QALYs 
when the mother lived without morbidity and the infant 
died [81]. The duration of the effect of a neonatal demise 
on mothers’ HRQoL varied across studies, ranging from 
2 years to the remainder of the maternal life.

Twenty-one studies (39%) considered the impact on a 
mother’s HRQoL when her child had a disability or illnesses 
after birth [62–64, 67, 76, 77, 83, 85–87, 89, 92, 93, 96–100, 
103, 105, 106]. For instance, Clennon et al. used a utility 
of 0.95 for mothers who had a neonate with CHD and 0.73 
for mothers who had a neonate with cerebral palsy. Another 

Table 2   Summary of health outcomes measured and approaches used for integrating and reporting in QALY-based maternal-perinatal cost-util-
ity analyses (n = 54)

HRQoL health-related quality of life, QALY quality-adjusted life year
a Not mutually exclusive
b The health utilities of the pregnant woman–child dyad represent the combined current health states of both the pregnant woman and the child
c The pregnant woman–child dyad QALYs approach considers the joint QALYs of the pregnant woman and the child, rather than estimating 
separately and adding them QALYs together
d Pregnant woman–child dyad studies are included in this group

n (%)

Types of health outcomes measureda

 Separate health utilities of a pregnant woman and a child 50 (93)
 Health utility of the pregnant woman–child dyadb 1 (2)
 QALYs of the pregnant woman–child dyadc 3 (6)
 Separate disutility or utilities decrements of a disease(s) or condition on a pregnant woman and a child 12 (22)
 Separate QALY losses of a pregnant woman and a child 6 (11)
 Fetal loss
  QALYs lost due to fetal demise, stillbirth, or miscarriage 21 (39)

 Effects of a fetus or child’s health on the mother’s health
  Effects of a fetal loss on a mother’s HRQoL 17 (31)
  Effects of a neonatal demise on a mother’s HRQoL 19 (35)
  Effects of a child’s disabilities or illnesses on a mother’s HRQoL 21 (39)

 Effects of the mother’ health on the child’s health
  Effects of a mother’s demise on a child’s HRQoL 1 (2)

 Family spillover effects
  Effects of maternal-perinatal health on the father’s HRQoL 1 (2)

Integration approaches
 QALYs of pregnant women and children were summed in each comparator group 46 (85)
 Combined QALYs of pregnant women and children estimated at the family level 46 (85)
 Did not combine QALYs of pregnant women and children 5 (9)
 Measured QALYs or health utilities for a pregnant woman–child dyad 3 (6)

Reporting strategies
 Combined QALYs and incremental QALYs for pregnant women and children reported at the family leveld 42 (78)
 Separate and combined QALYs and incremental QALYs for pregnant women and children reported at the family level 7 (13)
 QALYs and incremental QALYs reported separately for pregnant women and children 5 (9)
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example is premature birth, which was assumed to reduce 
maternal HRQoL by 0.04 in the first year only [67].

Only one study (2%) measured and incorporated the 
effects of a mother’s mortality and morbidity on a child's 
HRQoL [83]. Two studies explicitly assumed that the 
utility for neonatal outcomes was independent of maternal 
outcomes [73, 87], while the remaining studies did not 
provide justification for the exclusion.

3.3.2 � Approaches for Integrating and Reporting Health 
Outcomes of Pregnant Women, Fetuses, and Children

The most commonly employed method (46, 85%) for 
integrating health outcomes of pregnant women and children 
was to sum the QALYs of pregnant women and children 
in each comparator group, subsequently estimating the 
combined QALYs for pregnant women and children at the 
family level (Table 2). Additional information is available 
in Supplementary Table 2 (see the electronic supplementary 
material). As described in Sect. 3.3.1, three studies [81, 
83, 102] measured the health outcomes of a pregnant 
woman–child dyad; therefore, there was no need to integrate 
the health outcomes of pregnant women and children. Of the 
54 included studies, 42 (78%) reported combined QALYs 
and incremental QALYs for pregnant women and children 
at the family level. Seven studies (13%) reported combined 
QALYs and incremental QALYs at the family level while 
also providing separate QALYs and incremental QALYs 
for pregnant women and children [62, 70–72, 74, 90, 109]. 
The remaining five studies (9%) only reported QALYs and 
incremental QALYs separately for pregnant women and 
children [65, 73, 85, 107, 108].

3.4 � Approaches for Measuring, Integrating, 
and Reporting Health Outcomes of Pregnant 
Women, Fetuses, and Children in DALY‑Based 
CUAs

Table  3 summarizes the approaches employed by 
researchers to assess, incorporate, and report the health 
outcomes of pregnant women, fetuses, and children in 
DALY-based CUAs. Additional information is available in 
Supplementary Table 1  (see the electronic supplementary 
material). All eight included studies measured the DALYs 
of pregnant women and children separately [65, 110–116]. 
Two studies considered the value of fetal loss in their 
analysis [112, 113]. For instance, in a CUA examining 
maternal influenza immunization in Mali, Orenstein et al. 
assigned a value of 57.28 DALYs for stillbirth [113]. This 
value was estimated based on the years of future life lost, 
calculated using life tables for life expectancy at birth for 
Mali [117].

Regarding integration, all eight studies calculated 
DALYs averted separately for pregnant women and 
children, and summed DALYs averted in each comparator 
group. Subsequently, the combined incremental DALYs 
averted of pregnant women and children were estimated 
at the family level. In terms of reporting, three studies 
reported combined DALYs averted and incremental 
DALYs averted for pregnant women and children at the 
family level [110, 111, 115], while five studies reported 
separate DALYs averted and incremental DALYs averted, 
as well as combined DALYs averted and incremental 
DALYs averted at the family level [65, 112–114, 116].

Table 3   Summary of health outcomes measured and approaches used for integrating and reporting in maternal-perinatal DALY-based cost-util-
ity analyses (n = 8)

DALY disability-adjusted life year

n (%)

Types of health outcomes measured
 Separate DALYs of a pregnant woman and a child 8 (100)
 Fetal loss
  Years of life lost due to fetal loss or stillbirth or miscarriage 2 (25)

Integration approaches
 DALYs averted calculated separately for pregnant women and children 8 (100)
 DALYs averted of pregnant women and children were summed in each comparator group 8 (100)
 Combined DALYs averted of pregnant women and children estimated at the family level 8 (100)

Reporting strategies
 Separate and combined DALYs averted and incremental DALYs averted for pregnant women and children reported at the family level 5 (62)
 Combined DALYs averted and incremental DALYs averted for pregnant woman and children reported at the family level 3 (38)
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3.5 � Approaches for Measuring, Incorporating, 
and Reporting Family Spillover Effects

Finally, among the 54 included maternal-perinatal CUAs, 
only one QALY-based CUA considered family spillover 
effects on fathers. Rowley et al. conducted a CUA of prenatal 
screening for cystic fibrosis carriers and utilized the time 
trade-off (TTO) method to measure family spillover effects 
on fathers [62]. Parents, including fathers, were asked about 
the effects of having a child with cystic fibrosis on their own 
quality of life. The authors separately estimated QALYs for 
the father, mother, and child. Subsequently, the QALYs for 
the father and mother were combined, and then the QALYs 
for the father, mother, and child were aggregated in each 
comparator group to calculate family QALYs. The authors 
reported the combined QALYs and the between-group 
incremental QALYs at the family level. None of the DALY-
based maternal-perinatal CUAs considered family spillover 
effects.

4 � Discussion

This review found that only about one-third of the maternal-
perinatal CUAs included the health outcomes of both 
pregnant women and children, despite strong evidence 
supporting the positive impact of maternal-perinatal 
interventions on their health and well-being [1–5, 7, 10, 12, 
18, 19, 22, 23, 110, 118]. Fetal losses were often excluded. 
Some studies considered the impact of fetal and neonatal 
demise on maternal HRQoL, but the methods varied widely. 
Only one study considered family spillover effects. The 
most common method of integrating the health outcomes 
of pregnant women and children was to sum their QALYs 
or DALYs, with most studies reporting combined QALYs 
and incremental QALYs gained, or DALYs averted and 
incremental DALYs averted, at the family level. The findings 
of the review are discussed with regard to unique features 
of maternal-perinatal intervention, including fetal health 
outcomes and the impact of fetal loss, neonatal death, and 
child’s illness on mothers’ well-being. It also discusses the 
measurement and incorporation of family spillover effects 
in maternal-perinatal health, in addition to integrating and 
reporting the child and mother health outcomes.

4.1 � Unique Features of the Maternal‑Perinatal 
Intervention

Maternal-perinatal interventions possess unique features 
that distinguish their CUAs from those of individual patient 
interventions. Firstly, maternal-perinatal health involves 
two distinct yet intricately related individuals—a mother 
and a fetus—whose health and well-being are inherently 

interconnected [24, 119–122]. In maternal-perinatal care, 
both mother and fetus are considered patients. Pregnancy 
is a period of rapid development, marked by significant 
psychological, anatomical, and physiological changes for 
both the mother and the fetus [123–126]. This sensitive 
period can be influenced by adversities, but it is also a time 
when positive factors can significantly impact the health and 
well-being of the pregnant woman and her offspring [125, 
127–133]. These bidirectional effects continue to persist 
after childbirth if the child and/or mother experiences illness 
or disability. Secondly, maternal-perinatal interventions 
improve short-term health outcomes for both the mother, 
fetus, and child [134–136]. For example, hypertension 
in pregnancy, particularly preeclampsia, is a significant 
cause of maternal and perinatal morbidity and mortality 
[137–139]. Maternal-perinatal interventions such as 
calcium supplementation and low-dose aspirin can reduce 
the risk of preeclampsia in pregnant women [140–143]. 
Consequently, these interventions reduce the risk of preterm 
births and mitigate other adverse effects on newborns and 
mothers [140–144]. Finally, maternal-perinatal interventions 
improve the long-term health outcomes of both mothers 
and children. Pregnancy complications, such as gestational 
diabetes, pregnancy-induced hypertension, and maternal 
undernutrition lead to enduring consequences for mothers 
and their children [145–150]. For instance, preeclampsia is 
associated with later cardiovascular issues in mothers and 
neurodevelopmental delays in children, and inadequate 
maternal nutrition can result in intrauterine growth 
restriction, low birth weight, and an increased susceptibility 
to long-term health problems [151–156]. Consequently, 
effective maternal-perinatal intervention can improve long-
term health outcomes of both the mother and the child 
[157–159].

Given these distinctive characteristics of maternal-
perinatal interventions, it is crucial to incorporate the health 
outcomes of the mother, fetus, and child in CUAs conducted 
from a societal perspective. Excluding these outcomes 
undervalues the societal burden of maternal-perinatal 
illnesses and the effectiveness of maternal-perinatal 
interventions. Even in exceptional cases where the interests 
of the mother and fetus may conflict, necessitating medical 
decisions that prioritize one over the other, it is important 
to consider the health outcomes for both to reach impartial 
and informed conclusions [24, 160, 161].

There are several challenges in measuring the HRQoL 
of newborns and children. These challenges include, but 
are not limited to, the lack of validated preference-based 
HRQoL instruments for newborns or children under 6 years, 
bias from proxy assessment, and uncertainty regarding 
the relevance of descriptive classification systems to the 
experiences of children (with disabilities) [53, 162, 163]. 
Several new preference-based HRQoL instruments for 
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younger children are in development, with the potential to 
overcome many limitations of current instruments in use 
[164, 165].

4.2 � Incorporating Fetal Health Outcomes

This review identified 23 maternal-perinatal CUAs 
that included fetal health outcomes. Maternal-perinatal 
intervention presents a unique and often overlooked 
challenge in conducting economic evaluation: determining 
when to begin ‘counting’ a human’s life in the calculus. In 
public health research, including economic evaluations, fetal 
losses such as miscarriages and stillbirths have received less 
attention when compared to neonatal deaths [30, 55, 166, 
167]. The effects of disease on very young infants, including 
those who die immediately after birth, are included in 
disease burden estimates. But the effects of diseases on 
fetuses that do not survive during pregnancy are often 
excluded. This, and findings from a previous review [55], 
highlight the infrequent incorporation of fetal losses in CUAs 
of maternal-perinatal interventions. When interventions 
impact the development of a fetus and the probability of 
birth (e.g., stillbirth prevention) and future life, failing to 
include these effects underestimates intervention benefits. 
Policy- or decision-makers who use the results of CUAs to 
guide resource allocation decisions are likely to assign a 
lower priority to interventions aimed at preventing stillbirths 
than they would if preventing a stillbirth were considered 
equivalent to saving a neonate’s life.

In some cases, including QALY losses or DALYs due to 
fetal death can be controversial. Consider prenatal screening 
tests identifying babies at risk of genetic or congenital 
disorders [168–171]. While these tests can provide expectant 
parents with time to prepare for a child with a clinical or 
genetic condition, they can also lead to expectant parents 
making informed decisions about terminating a pregnancy 
if the fetus has a harmful genetic or clinical condition. In the 
latter scenario, counting QALY losses or DALYs from the 
medical decision to terminate a fetus with a genetic condition 
who might have otherwise been born with the condition 
or disabilities becomes controversial [172]. Two women 
carrying fetuses with identical conditions could make 
different decisions based on their individual preferences 
and cultural, religious, and ethical beliefs [173]. Further, a 
termination may lead to future family planning that involves 
in vitro fertilization with pre-implantation genetic testing, 
resulting in a healthy embryo [174–176]. In this scenario, 
the consequence of prenatal genetic testing is not only the 
termination of an affected fetus but also the birth of a future 
healthy individual—‘a replacement child’ [177–180]. There 
is a positive utility effect of prenatal genetic screening and 
terminating the fetus on a future child [177, 178, 181]. As 
the use of emerging technologies like exome and genome 

sequencing for detecting fetal congenital anomalies early 
in pregnancy increases [171, 182–185], more expectant 
mothers (and parents) will make such decisions about 
whether or not to continue a pregnancy with fetal structural 
abnormalities or to have another child through in vitro 
fertilization. The question of whether to consider the QALY 
losses or DALYs associated with the fetal death in CUAs of 
such technologies becomes increasingly relevant.

The literature presents inconsistencies regarding the 
inclusion of fetal outcomes in economic evaluations. 
Simon et al. examined the impact of various definitions 
of the beginning of human life—at birth, at the biological 
threshold of physiological viability at 24 gestational weeks, 
and conception—on CUA outcomes by incorporating related 
life-year gained, QALYs gained, or DALYs averted [30]. 
However, they did not provide specific guidance on when to 
incorporate fetal outcomes. Phillips and Millum suggested 
that fetal deaths occurring after 28 weeks of gestational 
age, excluding those resulting from voluntary termination 
and miscarriage, should be considered in disease burden 
estimates [186]. Abel and Quaife suggested that the inclusion 
of fetal outcomes should depend on the purpose of the 
intervention and the pregnant woman’s preferences [173]. 
If the pregnant woman’s preference and the intervention aim 
to increase the likelihood of a live and healthy birth, fetal 
outcomes should be incorporated. On the other hand, if the 
pregnant woman's preference and the intervention do not 
involve continuing the pregnancy (e.g., termination), fetal 
outcomes should be excluded. The authors acknowledge that 
the situation becomes complicated if maternal preferences 
shift during pregnancy. Some studies suggest that decisions 
regarding the inclusion of fetal outcomes should be based 
on the primary aim of the intervention [172, 187]. For 
instance, CUAs of interventions aimed at reducing fertility 
(e.g., contraception or carrier screening) or those related 
to assisted reproductive technologies should exclude fetal 
outcomes [172], while interventions aimed at improving fetal 
and/or child health outcomes, which can potentially impact 
the child’s health and well-being throughout their lifetime, 
such as maternal vaccinations, nutritional fortification and 
supplementation, psychotherapy during pregnancy, or other 
parental interventions, should include fetal outcomes [55, 
172].

Even if there is a consensus regarding the inclusion of 
fetal outcomes, challenges persist in determining how to 
quantify them within a composite health outcome measure, 
such as a QALY or DALY [30, 186, 188]. Some studies 
included in this review assigned values to fetal deaths 
equivalent to infant deaths following live births [67, 85–90, 
112, 113]. However, whether fetal QALY losses or DALYs 
should carry weight equal to infant deaths in CUAs remains 
a subject of ongoing debate [186, 188–190]. There is 
also an ongoing discussion regarding whether to include 
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miscarriages (the loss of a pregnancy before the 20th week 
of gestation) and whether to assign them QALY losses or 
DALYs equal to stillbirths (pregnancy loss after the 20th 
week of gestation) [166, 186, 188, 191]. The distinction 
between stillbirth and miscarriage lacks a universally 
accepted definition, with reporting policies varying between 
countries and within jurisdictions of the same country [192]. 
Some researchers argue that late stillbirths, occurring 
close to birth, should be given greater weight than earlier 
stillbirths or miscarriages [186]. Calculating QALYs or 
DALYs for fetal deaths at different stages of pregnancy 
poses both conceptual and empirical challenges.

The lack of standardized guidelines for including fetal 
outcomes and a method for measuring their value in QALYs 
or DALYs can introduce bias in cost-effectiveness estimates. 
Goldhaber-Fiebert and Brandeau examined CUAs of fertility 
interventions and found that fetal outcomes are often 
selectively chosen to demonstrate the cost-effectiveness of 
the related intervention and are often justified with flawed 
rationales [55]. A discussion of this complex, ethical and 
subjective matter regarding the moral status of future lives 
is beyond the scope of this paper. There is a need for further 
research, discussion, and guidance on the inclusion of fetal 
outcomes in CUAs of maternal-perinatal interventions. 
Determining where to draw the line and from which point 
onwards the health outcomes (health benefits) of the human 
life should be counted is crucial in the context of maternal-
perinatal CUA.

4.3 � Incorporating the Impacts of Fetal Loss, 
Newborn Death, and Child Illness on Maternal 
Health and Well‑Being

This review found that 17 maternal-perinatal CUAs 
included the impact of fetal loss on mothers’ HRQoL and 
19 considered the effects of neonatal demise on mothers’ 
HRQoL. Fetal losses and neonatal deaths can significantly 
impact maternal health and well-being, often resulting in 
depression, anxiety, and post-traumatic stress disorder 
(PTSD) [193–198]. Even when mothers (or parents) choose 
to terminate a pregnancy due to prenatal screening indicating 
fetal abnormalities, it can lead to long-lasting psychosocial 
sequelae for women, affecting their quality of life and their 
decisions about future pregnancies [199–202]. Failing 
to account for maternal bereavement effects (disutility 
experienced by mothers following the death of a fetus or 
newborn) can significantly underestimate the benefits 
of interventions. Our understanding of the bereavement 
effects is limited, and methods for estimating them are not 
well-developed. NICE recommends avoiding modelling 
bereavement effects in CUAs due to the underdeveloped 
methods [203]. The scarcity of research measuring how 
grief affects mothers' HRQoL may explain why bereavement 

effects are rarely incorporated. For example, out of 17 
QALY-based studies that considered the impact of fetal 
loss on the mother’s HRQoL, 12 studies in this review 
obtained their utility estimates from a study conducted by 
Kuppermann and colleagues for mothers experiencing a 
fetal loss [101]. There is also a question of the duration of 
bereavement effects. For instance, it is reasonable to imagine 
that late pregnancy loss (e.g., stillbirths) may result in more 
prolonged bereavement effects compared to early pregnancy 
loss (e.g., miscarriage) [198]. Additionally, one could expect 
that the bereavement effects on mothers would be substantial 
around the time of the neonate’s death and then gradually 
decrease over time [204]. Studies included in this review 
used various durations, ranging from 1 year to the remainder 
of the maternal life or until menopause. The research on the 
magnitude and duration of bereavement effects on the lives 
of mothers is much needed.

Maternal-child health and pregnancy complications 
can lead to long-term effects on children related to 
behavioral and neurodevelopmental disorders [153, 
205–207]. Additionally, they can place caregiving burdens 
on mothers, impacting their own health and well-being 
[37, 47, 54, 208–210]. Consequently, maternal-perinatal 
interventions directly or indirectly preventing such illnesses 
or disabilities in children positively impact mothers’ health 
and well-being. For instance, inadequate folic acid intake 
by prospective mothers increases the risk of spina bifida 
in children [211–213], a condition that can result in a wide 
range of disabilities depending on the lesion’s location, 
often requiring extensive caregiving [214, 215]. Caregivers 
of such children with disabilities, whether parents or other 
individuals, face various health-related problems [216, 
217], and it is recommended that caregiver costs and health 
consequences be included in economic evaluation from a 
societal perspective [48, 49, 218]. Studies have demonstrated 
that taking folic acid supplements before conception 
significantly reduces the risk of spina bifida [118, 219–224], 
thereby preventing disabilities in children and eliminating 
the need for caregiving. Therefore, it is essential to consider 
the impacts of a child’s illnesses or disabilities on maternal 
HRQoL in CUAs of maternal-perinatal interventions from 
a societal perspective, such as folic acid fortification, to 
measure the full benefits.

4.4 � Incorporating Family Spillover Effects 
of Maternal‑Perinatal Health

Only one maternal-perinatal CUA considered the family 
spillover effects. Maternal-perinatal health also has an 
impact on the health and well-being of other family 
members, including fathers and other children. Traumatic 
events during pregnancy, such as adverse fetal and neonatal 
outcomes, can lead to depression, anxiety, and PTSD in 
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fathers [225–229]. When a newborn experiences short-term 
or long-term disability, the father may take on a caregiving 
role [46, 230, 231]. Fathers often serve as the primary or 
sole wage earners in many low-income and middle-income 
countries. The responsibility predominantly falls on a father 
to provide adequate support and services to their children 
with disabilities or chronic illnesses, significantly affecting 
their quality of life [232]. Some conditions can be life-
threatening for both mother and child [233, 234], with the 
potential for substantial spillover effects on fathers. Limited 
research exists on how maternal-perinatal health affects 
other children (or siblings), but studies have shown that 
stillbirths and the death of a twin have been associated with 
long-term effects on children’s physical and mental health 
[32]. When a child develops a disability or chronic illness 
after birth, it affects their unaffected siblings’ well-being 
[235, 236]. Additionally, some interventions could impact 
on future pregnancies, particularly increasing the risk of a 
subsequent uterine rupture or preterm birth [96].

Maternal-perinatal interventions that affect the health 
outcomes of both the mother and child and the extent of 
caregiving needed are likely to affect the health and well-
being of other family members. Formally incorporating 
family spillover effects in economic evaluations is 
a relatively new concept that presents challenges in 
measurement, valuation, and incorporation [35, 37, 43, 
53, 54, 237]. We previously reviewed the methods used 
for measuring, valuing, and incorporating family spillover 
effects in pediatric CUAs and suggested potential solutions 
to address some of these challenges, including collecting 
HRQoL data on family members alongside clinical trials, 
extending the time horizon of the study beyond the patient’s 
life expectancy to include bereavement effects on family 
members and considering family-level or parent–child dyad 
health utilities [44]. It is important to note that the total 
spillover QALY gains/losses for parents, family members, 
and others may be correlated with the size of the family and 
caregiving circle. Recently, an international task force was 
formed to provide guidance on the incorporation of family 
and caregiver health spillovers in cost-effectiveness and 
cost-utility analyses [218]. While the task force does not 
specifically provide recommendations for maternal-perinatal 
interventions, future researchers are encouraged to consult 
the SHEER Task Force recommendations on spillover effects 
when conducting CUAs for maternal-perinatal interventions.

4.5 � Integrating and Reporting Health Outcomes 
of the Pregnant Woman and Child

This review found that the most common method of 
integrating mother and child health outcomes was the 
summation of QALYs or DALYs. Simple summation of 
mother and child QALYs may not always be appropriate. 

Applying equal weight to QALY gains in mother and child 
may unintentionally shift decisions toward benefiting the 
child because of the potential for a greater QALY gain due 
to a child’s longer life expectancy. Thus, assigning equal 
weights to QALYs gained by both the pregnant woman and 
child can be problematic, particularly when interventions 
are aimed at improving the mother’s health. Researchers 
have proposed applying a weighting factor to adjust for the 
importance of changes in health in family members relative 
to the primary patient [238–241]. The question of whether 
QALY gains in the mother be weighted equally to QALY 
gains in the child remains an area requiring further research.

Finally, in this review, most studies reported summed 
QALY and incremental QALY gains or summed DALYs 
and incremental DALYs averted for mothers and children 
at the family level. It is essential to report incremental 
QALY or incremental DALYs separately for both the 
mother and the child, as well as summed. This approach 
enhances transparency and provides a clearer understanding 
of where the benefits of the intervention accrue. Presenting 
both aggregated and disaggregated results for mothers and 
children helps inform allocation funding decision-making.

4.6 � Limitations

There were four main limitations of this study. First, 
there was potential for missing relevant articles despite 
the comprehensive search strategy. This is due to the 
requirement for studies to be published in English and peer-
reviewed journals, which may have excluded some eligible 
research. Second, only one reviewer conducted abstract and 
full-text screening, as well as data extraction. Third, the 
quality of the included studies was not assessed. There are no 
existing quality assessment tools or guidelines for evaluating 
methods used to incorporate health outcomes for mothers, 
fetuses, and children. As the aim was to systematically 
identify and report the diverse methods used by researchers 
rather than aggregating quantifiable estimates, a quality 
assessment of the included studies was not indicated. Finally, 
this review was limited by the information provided by the 
authors.

5 � Conclusion

Maternal-perinatal interventions are unique because they 
influence the health and well-being of both the mother 
and the fetus, affecting the fetus's chances of a healthy 
birth, and the child’s health and well-being after birth. 
Only about one-third of the maternal-perinatal CUAs 
considered maternal and child health outcomes, potentially 
underestimating intervention benefits. Incorporating the 
health outcomes of the pregnant woman, fetus, and child 
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presents unique methodological challenges. It is clear that 
further conceptual and empirical research is needed to 
standardize the inclusion and measurement of these health 
outcomes in maternal-perinatal CUAs. Future CUAs of 
maternal-perinatal interventions conducted from a societal 
perspective should also aim to incorporate family spillover 
effects. HTA agencies may consider providing specific 
guidance for interventions that impact future lives in their 
guideline updates.
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