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Abstract

Purpose of Review Lifestyle interventions (such as diet and physical activity) successfully limit excessive gestational weight gain
and can reduce some adverse maternal events; however, benefit is variable and cost-effectiveness remains unclear. We aimed to
review published cost-effectiveness analyses of lifestyle interventions compared with usual care on clinically relevant outcome
measures. Five international and six grey-literature databases were searched from 2007 to 2018. Articles were assessed for quality
of reporting. Data were extracted from healthcare and societal perspectives. Costs were adapted to the common currencies of
Australia and the United Kingdom by adjusting for resource utilization, healthcare purchase price and changes in costs over time.
Included studies were economic analyses of lifestyle interventions aiming to limit weight-gain during pregnancy and/or reduce
risk of gestational diabetes, for women with a BMI of 25 or greater in pre- or early-pregnancy.

Recent Findings Of the 538 articles identified, six were retained for review: one modelling study and five studies in which an
economic analysis was performed alongside a randomized-controlled trial. Outcome measures included infant birth-weight,
fasting glucose, insulin resistance, gestational weight-gain, infant respiratory distress syndrome, perceived health, cost per case
of adverse outcome avoided and quality-adjusted life years (QALY's). Interventions were cost-effective in only one study.
Summary Although many studies have investigated the efficacy of lifestyle interventions in pregnancy, few have included cost-
effectiveness analyses. Where cost-effectiveness studies were undertaken, results were inconsistent. Secondary meta-analysis,
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taxonomy and framework research is now required to determine the effective components of lifestyle interventions and to guide

future cost-effectiveness analyses.

Keywords Economic evaluation - Gestational weight gain - Gestational diabetes - Systematic review

Introduction

Women worldwide are entering pregnancy with increasingly
higher weight [1, 2¢], due to the obesogenic environments in
which we live [3]. In addition, approximately 45% of pregnant
women exceed the 2009 Institute of Medicine’s recommenda-
tions for gestational weight gain in pregnancy [4]. Higher
weight at conception and higher than recommended weight
gain during pregnancy can increase the risk of adverse mater-
nal and infant outcomes [2°, 3, 5, 6]. Many of the lifestyle
interventions designed to prevent excessive gestational weight
gain in pregnancy are effective, with potential for improve-
ments in other outcome measures of clinical relevance [7-10,
11e°]. While research to determine which type of intervention
is most effective is ongoing, successful interventions appear to
be those in which diet counselling was combined with phys-
ical activity, and where women were supported by motivation-
al counselling for weight management goal setting and weight
monitoring [7, 12].

To date, the costs of effective interventions for many major
public health priorities have not been well understood [13], and
a lack of reliable data on the economic costs of individual
intervention types is an impediment to funding effective inter-
ventions to address weight gain during pregnancy [14]. There is
significant potential for improved health outcomes for both
mother and infant through implementing lifestyle interventions
to prevent excessive gestational weight gain, pregnancy com-
plications and subsequent maternal obesity [11e¢], and these
improved health outcomes have important economic conse-
quences. For instance, obesity has been associated with 30%
higher medical costs compared with costs for persons catego-
rized as below a body mass index (BMI) of 25 [15], and higher
costs may impact on maternal and infant medical care [16].

A lack of evidence for the economic costs of interventions
to address weight gain in pregnancy is a barrier to funding
implementation of lifestyle interventions to limit excessive
gestational weight gain [14]. Understanding intervention
costs, benefits and related health effects is imperative to pro-
vide decision makers with the requisite information to deter-
mine how best to translate research and facilitate implemen-
tation [17]. Hence, we aimed to conduct a systematic review
of studies reporting cost-effectiveness analyses for interven-
tions designed to reduce gestational weight gain and/or gesta-
tional diabetes mellitus (GDM) risk during pregnancy. This is
the first study to qualitatively and quantitatively review the
cost-effectiveness of interventions to limit gestational weight
gain and adapt these studies into specific single currencies.

@ Springer

Method

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement. The review was registered prospective-
ly with the International Register of Systematic Reviews
(PROSPERO; CRD42018089087).

Information Sources

Relevant articles were sourced through a search of five aca-
demic databases: EMBASE and Medline via Ovid, Econlit
and CINAHL via EBSCO and Web of Science. In order to
identify studies that may not have been recorded in academic
databases, six grey literature databases were also searched:
ISPOR database, Cochrane trials, Cochrane Economic
Evaluations, PDQ-evidence [18], Epistemonekos [19] and
Google Scholar. These databases have been recommended
as being sufficient for systematic reviews of economic analy-
ses [20]. The search strategy was designed to identify all stud-
ies published in the English language between January 2007
and June 2018. (Preliminary searches revealed minimal stud-
ies that met inclusion criteria prior to this date and none that
incorporated economic evaluation). Search terms for popula-
tion and intervention were matched to those presented by the
International Weight Management in Pregnancy Collaborative
Network (I-WIP; Rogozinska et al. 2017). The search strategy
for economic analyses used keywords and medical subject
heading terms concerning cost, cost-effectiveness, cost-
utility and health economic studies. The search was performed
in June 2018. Search terms are presented in Appendix 1 along
with a sample of the search in Appendix 1, Fig. S1.

Eligibility Criteria

Inclusion criteria were studies containing lifestyle behavioural
interventions (such as healthy eating and physical activity)
aiming to reduce gestational weight gain or lower risk for
gestational diabetes mellitus in pregnant women with a BMI
of 25 or more (consistent with a definition of being over-
weight or obese). All studies needed to provide cost estimates
and state a cost year. Exclusion criteria were preconception or
postpartum women, women with a BMI under 25 kg/m?, stud-
ies that did not provide a lifestyle intervention, studies where
the comparator group received an alternative intervention and
studies without outcomes pertaining to an economic analysis.
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Study Selection

PRISMA reporting guidelines were used to select studies [21].
Publications were screened using the referencing program
Covidence [22]. Titles and abstracts were screened against
the inclusion/exclusion criteria by two authors (CB, RW).
Potentially eligible papers were accessed in full text and
assessed by two authors against the inclusion/exclusion
criteria (CB, ZA). Differences of opinion were resolved by
discussion and consensus. If required, a third person was
consulted.

Data were extracted for the following categories: study
population (maternal age, BMI, gestational age at recruit-
ment), sample size, intervention, comparator, outcome, per-
spective (healthcare or societal) and study type. Cost and ef-
fect data were extracted separately for total medical costs and
total indirect costs so that data could be analysed from both
healthcare and societal perspectives.

Quality of Reporting

Quality of reporting was assessed using the Consolidated
Health Economic Evaluation Reporting Standards
(CHEERS) checklist [23]. It was expected that items 4, 7
and 10 from the CHEERS checklist (population,
intervention/comparator and outcome measures) would be
met by all studies, as these were required to meet the inclusion
criteria. Some of the CHEERS criteria were only relevant to
modelling studies and not to studies where cost-effectiveness
is conducted alongside a randomized-controlled trial (RCT),
and thus were not included in the overall score. Therefore,
studies were given a percentage score for relevant questions.

Cost and Effect Data Extraction

Where a study presented cost data from a societal perspective,
cost information from a healthcare perspective was also ex-
tracted. Cost data year was an inclusion requirement
(CHEERS checklist item 14) [23]. Study effects were extract-
ed for all available outcome measures.

Adaptation of Cost Data to UK and Australian
Currencies

Costs were adapted from original currencies into Great Britain
pounds (GBP) and Australian dollars (AUD). Cost data were
adapted by the first author (CB) and reviewed by the final
author (ZA), based on a methodology outlined in a study
adapting costs for Switz erland [24]. Cost data for direct med-
ical costs to Australia/UK were adapted in three stages: 1) data
were corrected for level of resource utilization, 2) correction
for differences in prices for healthcare services and 3) adjust-
ment for the change in resource utilization and prices over

time, as outlined in more detail below. After cost adaptation,
incremental cost-effectiveness ratios (ICERs) were recalculat-
ed in AUD and GBP.

Resource Utilization

Healthcare resources vary across countries by quantity and
type, such that healthcare consumers may receive differing
treatments for the same condition, dependent on the country
of residence. A correction is therefore applied to resource
utilization, as calculated by the Organization for Economic
Cooperation and Development (OECD). For this study, cur-
rent expenditure on health, per capita for USD purchasing
power parities was obtained [25].

Price of Healthcare Purchases

Monetary value for similar healthcare services often vary be-
tween countries. A price correction was conducted by using
purchasing power parities to adjust for proportional costs for
similar products between countries. Purchasing power parities
for Gross Domestic Product (GDP) in national currency per
USD was obtained from the OECD [26].

Change in Cost over Time

Corrections were subsequently made to adapt all studies to the
same cost year. Annual healthcare growth rates were obtained
from published sources. Australia’s annual healthcare growth
rates were obtained from the Australian Institute of Health and
Welfare [27]. Annual healthcare growth rates for the UK were
obtained from the UK office for National Statistics [28].
Healthcare growth rates were expected to be suitable, as
healthcare resources used for perinatal medical care may
change over time, as well as increase in price over time.
Costs for all studies were adapted to 2015, the latest year
available.

Example of Cost Correction

To illustrate the above process of cost adaptation, the follow-
ing example from Kolu et al. 2013 adapts Euros into
Australian dollars. The total cost for controls was €6994 (year
2013), multiplied by 1.0083 (corrected for resource utiliza-
tion), multiplied by 1.6952 (correction for purchase parity)
and multiplied by 1.2641 (correction for change in cost over
time), giving a value of AUD 15,112 (year 2015).

Willingness-to-Pay Thresholds
Cost-effectiveness for QALY's gained was based firstly on the

study authors’ assessments. Secondly, when costs were
recalculated, willingness-to-pay thresholds for UK and
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Australia were applied. The willingness-to pay threshold in
the UK is generally agreed to be from GBP 20,000 to GPB
30,000 per quality adjusted life year (QALY) [29]. There is no
formally accepted cost-effectiveness threshold in Australia;
however, a willingness to pay threshold of around AUD
50,000 [30] is generally accepted, although new evidence
around opportunity costs by Edney et al. suggested an appro-
priate threshold for cost per QALY gained to be approximate-
ly AUD 28,033 [31]. These thresholds were used to determine
cost per QALY gained in this review. For maternal and infant
outcomes, the willingness-to-pay threshold was defined as per
author assessment.

Sensitivity Analyses

Sensitivity analyses as reported in included articles were in-
vestigated, to determine what types of sensitivity analyses
were included, what aspects of the data were investigated
and what conclusions the authors made.

Results
Systematic Approach to Study Selection

After duplicates were removed, a total of 538 abstracts were
assessed, and 20 papers were retained for full text screening,
as presented in Fig. 1. Six studies met all the criteria after full-
text review. For the fourteen studies that were excluded, rea-
sons for exclusion are displayed in Fig. 1, and excluded stud-
ies are presented in Appendix 2 Table S1.

Study and Patient Characteristics

Five of the articles included in the current review were cost-
effectiveness studies conducted in conjunction with an RCT;
included countries were Australia [32], Finland [33], the
Netherlands [34], the United Kingdom [35] and a multi-
country site involving nine European countries based on
Dutch costings [36]. One study was a modelling study and
was based on individual patient-level data drawn from studies
from a range of countries [8]. Three studies investigated wom-
en with a BMI of 25 kg/m2 or more [32-34]. Two studies
included only women who were classified as affected by obe-
sity (with a BMI of >29 [36] or >30 [35] kg/m?). One study
presented data from all weight types, including sub-analyses
for normal, overweight and obese groups [8]. Characteristics
of included studies are presented in Table 1.

Study Quality

Studies were assessed using the CHEERS checklist criteria
[23]; however, the questions pertaining to modelling were

@ Springer

excluded for the RCT studies, as they were not relevant to
the study design. All studies scored at least 95% on the
CHEERS checklist.

Interventions

Four of the RCTs evaluated interventions that combined diet
and physical activity programs, ranging from five individual
sessions with up to four follow-up telephone calls [36], three
individual sessions with three follow-up calls [32], five ante-
natal care visits added to the 15 visits received in standard care
[33] and eight weekly sessions [35]. In one study, participants
received an exercise only program, which included two ses-
sions a week from commencement until delivery [34]. The
modelling study [8] included sub-analyses for diet, physical
activity and mixed interventions of various intensities. Most
samples sizes were 100 or more, except for the physical exer-
cise study which had less than 50 participants in the interven-
tion group [34]. Control groups received care as usual, as per
local standards. One study explicitly stated that diet and exer-
cise advice was not included in care as per usual practice [32].
Some dietary and physical activity advice was included in care
as usual in the study by Kolu et al. [33].

Cost Measurements

Direct costs (prenatal medical, birth, postnatal and infant) and
indirect costs (work absenteeism) were compared across stud-
ies following cost adaptation, as described above. Three stud-
ies included costs from a societal perspective [33, 34, 36], but
the available information meant that costs could also be cal-
culated from a health care perspective. Hence, we were able to
assess all studies from a healthcare perspective and three from
a societal perspective. Infant costs were included in two stud-
ies [32, 33], and all four RCTs presented pre- and post-
delivery costs separately. Cost estimates for the modelling
study were informed by a systematic literature review [8].
Costs are presented in original currency in Appendix 4,
Table S8.

From a healthcare perspective, when neonatal care was
included (three studies) [32, 33, 35]), almost two-thirds of
costs on average were associated with delivery (46—-80%), just
over 20% for neonatal care (15-29%) and less than 20% for
remainder for prenatal care (5-29%) (see Appendix 5,
Table S9). From a healthcare perspective and excluding neo-
natal care (all five RCT studies) [32-36]), delivery costs con-
tributed to approximately 80% (56-93%) and prenatal care to
just around 20% (6—44%) of total costs (see Appendix 5,
Table S10). From a societal perspective (three studies, neona-
tal costs unavailable [33, 34, 36]), over one-third of costs were
associated with productivity loss (24—50%), under half with
delivery (28-62%) and less than 15% with prenatal care (6—
26%). (see Appendix 5, Table S11).
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Fig. 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) diagram of the systematic search

Study Effects—QALYs

Three studies presented quality of life data using the
EuroQol questionnaire (EQ-5D) [34-36], and one used
the quality of life questionnaire (15D) measures [33].
The EQ-5D is a five-dimensional survey that contains
the following components: mobility, self-care, usual activ-
ities, pain/discomfort and anxiety/depression [37]. The
15D measures 15 dimensions over 5 levels [38]. QALY
estimates are shown in Table 2.

Study Effects—Infant and Maternal Outcomes

Seven (non-QALY) outcome measures were contained in
the five studies (Table 3). These outcomes were fasting
glucose (two studies) [34, 36], insulin resistance (two
studies) [34, 36], gestational weight gain (one study)
[36], perceived health (one study) [33], case of adverse
maternal outcome avoided (one study) [8], infant birth

weight (three studies) [32-34] and respiratory distress
syndrome (one study) [32]. Further outcomes had been
assessed in some trials, but were not included in the eco-
nomic analysis due to lack of efficacy. For instance, Dodd
et al. [32] measured gestational weight gain in their trial,
but lack of efficacy meant that this measure was not re-
ported in the cost-effectiveness analysis.

Costs Adapted to UK and Australian Currencies
Healthcare Perspective

Total costs from the five RCT studies [32-36] from a
healthcare perspective ranged between GBP 220 and GBP
4624 per person (AUD 595-AUD 16,758) for intervention
groups and between GBP 262 and GBP 4642 per person
(AUD 711-AUD 12,852) for control groups. Higher overall
costs were associated with the inclusion of delivery in the cost
estimates.

@ Springer
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Table 1 (continued)

Type of study

Study

Outcomes of
interest

Comparator

Intervention

Population of interest

Sample size

Author, year,

country

perspective

included an exercise DVD,

a pedometer and logbook for

recording goals
Varied analysis by subgroup of BMI

Decision tree

GWG, composite Healthcare

Standard care as the

Study inclusion: RCTs assessing

36 studies

Rogozinscka,

(NHS) modelling

maternal

comparator

category

interventions including diet,

physical activity or a

contributed
data to the

IPD

etal. 2017

8], 36

outcomes,

composite
infant

mixed-approach, where the outcome

of interest was GWG,

studies
from

meta-analysis

(12,434
women)

outcomes

with other maternal and infant

outcomes included

various

countries

(cost of intervention—cost

of control)/(effect intervention—effect control), 72DM type 2 diabetes mellitus, GWG gestational weight gain, QALY quality adjusted life year, BMI body mass index (kg/m2), NHS National Health Service

(UK), IPD independent patient datanote: time horizon was not included in this table, as time was restricted to the antenatal period. EQ-5D EuroQol questionnaire; /5D quality of life questionnaire

GDM gestational diabetes mellitus, PA physical activity, HE healthy eating, QOL quality of life, VAS visual analogue scale, /CER the incremental cost-effectiveness ratio/ICER

visual

physical activity. * Any major outcome; pre-eclampsia; gestational diabetes; pregnancy induces hypertension; preterm delivery; Caesarean- section; intrauterine

gestational weight gain; VAS

number of interventions with this outcome measure.; GWG =

number of studies with this outcome, #i =

Decimal points vary as per reported in publications; #p

analogue scale. HE

healthy eating; PA =

death; large for gestational age; small for gestational age; neonatal intensive care unit admission

Societal Perspective

Total costs from the three studies where data was presented
from a societal perspective [33, 34, 36] ranged between GBP
166 and GBP 6481 per person (AUD 4,518—-AUD 17,578) for
intervention groups and between GBP 1257 and GBP 6205
per person (AUD 3664-AUD 16,830) for control groups.
Again, higher overall costs were associated with including
delivery in the cost estimates.

Intervention Costs

Intervention costs ranged between GBP 103 and 405 per per-
son or 304 and 936 per person in Australian dollars (presented
in original currency in Appendix 4, Table S8).

Cost-Effectiveness

Incremental Cost Effectiveness ratios (ICER), cost-
effectiveness plane statistics and cost acceptability curve re-
sults by intervention for all outcome measures are presented in
Table 4.

Cost-Effectiveness—Cost per QALY Gained

Incremental cost-effectiveness ratios of QALYs are
displayed on a cost-effectiveness plane in GBP from a
healthcare perspective in Fig. 2 (note that for papers pre-
sented from a societal perspective, results have been ad-
justed to that of a healthcare perspective, and cost adjust-
ed to AUD and GBP). Of the four included studies
reporting QALYs as an outcome measure, the
Broekhuizen et al. study [36] presented three different
interventions; therefore, six interventions are presented
in this figure. Overall, two interventions were cost-
effective (and cost-saving) and four were not cost-effec-
tive, as per the willingness-to-pay thresholds. The com-
bined healthy eating and physical activity intervention
from Broekhuizen et al. [36] was cost saving (i.e. lower
cost, higher effect as compared with control group; sav-
ings of GBP 677 or AUD 1836, difference in QALYs of
0.02) (number 1 in Fig. 2). The healthy eating interven-
tion in the Broekhuizen et al. [36] study was slightly cost
saving and effect neutral (number 2 in Fig. 2). The inter-
vention incorporating physical activity only in the same
study had a neutral effect with cost savings of GBP 1120
or AUD 3039 (number 3 in Fig. 2). The mixed interven-
tions described in studies by Kolu et al. and Poston et al.
were both more expensive and more efficacious than the
associated control groups, with neither study considered
to be cost-effective in regard to a willingness-to-pay
threshold of GBP 30,000. The Kolu et al. [33] interven-
tion had an ICER of GBP 81,941 per QALY gained (AUD

@ Springer
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Table 2 QALY estimates by intervention with 95% confidence intervals (CI)

Study Control Intervention QALY gained* 95% CI
Broekhuizen et al. 2018 (HE+PA) [36] 0.86 (£0.02) 0.89 (£0.01) 0.02 0.00 to 0.04
Broekhuizen et al. 2018 (HE) 0.86 (£0.02) 0.86 (£0.01) 0.00 —0.02 t0 0.02
Broekhuizen et al. 2018 (PA) 0.86 (£0.02) 0.85 (£0.02) 0.00 —0.03t00.01
Kolu et al. 2013* [33] —0.052 (£0.06) —0.045 (£0.06) 0.008 —0.05t0 0.02
Oostdam et al. 2012 [34] Not stated Not stated —0.005 —0.031 to 0.021
Poston et al. 2017 [35] Not stated Not stated 0.002 —0.004 to 0.009

HE healthy eating; PA physical activity
*Change in QALY between 8 and 13 weeks and 36-37 weeks

241,151) compared with control (number 4 in Fig. 2). The
Poston et al. [35] intervention had an ICER of GBP
344,014 per QALY gained compared with control (AUD
795,777) (number 6 in Fig. 2). The exercise only inter-
vention in the Oostdam et al. [34] study was dominated
by the control group (i.e. more costly and less effective)
(number 5 in Fig. 2).

Results were similar in studies presenting outcomes from a
societal perspective as compared with a healthcare perspective
(presented in Appendix 3, Fig. S2). Of the three included
studies that presented data from a societal perspective and
included QALY as an outcome measure, the Broekhuizen
et al. study [36]study presented three interventions [36]; there-
fore, there are five interventions included in this analysis. The
Broekhuizen et al. combined healthy eating and physical ac-
tivity intervention [36] was cost saving (savings of GBP 1034
and AUD 2805; effect difference of 0.02 QALYs). The
Broekhuizen et al. healthy eating intervention was more costly
and neither effective nor cost-effective (ICER of GBP 133470
or AUD 362,007 per QALY gained). The Broekhuizen et al.
physical activity only intervention had a neutral effect with
cost savings of GBP 740 and AUD 2008. The mixed inter-
vention in the study by Kolu et al. [33] had an ICER of GBP
45,685 per QALY gained and was not cost-effective according
to the above criteria. The exercise only intervention in the
Oostdam et al. [34] study was dominated by the control group.

Cost Effectiveness—Maternal Outcomes
Fasting Glucose and Insulin Resistance

Two studies presented data on glucose metabolism, using
two measures: fasting glucose and insulin resistance [34,
36], presented from a societal perspective. Broekhuizen
et al. reported fasting glucose in the healthy eating combined
with physical activity and physical activity only interven-
tions and found that these interventions were more costly
and more effective at lowering fasting glucose on average
than care as usual. The healthy eating only intervention was
more costly and less effective (fasting glucose increased).

@ Springer

All interventions in this study were more costly and more
effective for lowering insulin resistance [36]. It is important
to note that effect differences between intervention groups
and the control group were low across all three interventions:
differences in groups compared with the control group for
insulin resistance (HOMA-IR) were 0.0 for the combined
intervention, — 0.1 for the healthy eating intervention and
— 0.1 for the physical activity intervention; differences com-
pared with controls in fasting glucose (mmol/l) were — 0.1
for the combined intervention, — 0.1 for the healthy eating
intervention and — 0.1 for the physical activity intervention.
The likelihood of being cost-effective was stated as being
low for all interventions by the authors [36]. Oostdam et al.
reported results where the highest percentage of estimates
were in the northwest quadrant, suggesting that the interven-
tion was dominated by usual care [34].

Other Maternal Outcome Measures

There were three further maternal outcome measures reported
in the studies: gestational weight gain, perceived health and
cost per adverse maternal outcome avoided (pre-eclampsia,
gestational diabetes, pregnancy-induced hypertension, pre-
term delivery, caesarean section, intrauterine death, large for
gestational age, small for gestational age, neonatal intensive
care unit admission). Preventing gestational weight gain was
found to be more costly and more effective for the healthy
eating combined with physical activity intervention in the
Broekhuizen study, but authors stated that the intervention
was unlikely to be cost-effective [36]. Preventing gestational
weight gain was cost-effective neither for the physical activity
only intervention nor for the healthy eating intervention [36].
The lifestyle intervention was not cost-effective for the per-
ceived health visual analogue measure in the Kolu et al. study
[33]. The modelling paper by Rogozinska et al. considered a
range of health conditions in the assessment of cost per ad-
verse maternal outcome avoided and found that there was no
evidence of cost-effectiveness for the included interventions

8.
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Fig. 2 Cost effectiveness plane for differences in costs (converted to GBP, cost year 2015) and effects quality adjusted life years (QALYs) from a

healthcare perspective

Cost-Effectiveness—Infant Outcomes
Infant Birth Weight

Three papers investigated infant birth weight; two studies
in grams [33, 34] and one study in proportion of infants
weighing over four kilogrammes at birth [32]. The results
presented in Kolu et al. suggest that the intervention was
not cost-effective for lowering infant birth weight [33]. In
Oostdam et al. the ICER for lowering birth weight was
less effective and more costly, and hence classified as
dominated by the care as usual group. In Dodd et al.’s
[32] intervention, the ICER for one additional infant with
birth-weight over four kilogrammes was more effective
and more costly; however, the authors stated that the in-
tervention was cost neutral due to wide confidence inter-
vals for costs reported in this study.

Other Infant Outcomes

Dodd et al. reported that the intervention was unlikely to be
cost-effective for lowering the risk of respiratory distress syn-
drome [32]. Lack of cost-effectiveness was due to low prob-
ability of cost-effectiveness at the willingness to pay
threshold.

@ Springer

Sensitivity Analyses

Sensitivity analyses were conducted in all studies. A sum-
mary of the different analyses can be found in Appendix 6,
Table S12. All RCTs conducted bootstrapping [32-36]. Of
these, three studies found no changes in conclusions
[32-34]. The Broekhuizen study [36] found that the com-
plete case analysis had higher total costs for two of the
interventions compared with usual care in the main analy-
sis. The authors concluded that these differences were not
significantly different and did not change the overall study
conclusions. The authors suggest that the result may have
been due to selective drop-out of participants, as differ-
ences were found between participants whose data was
complete versus incomplete, and that data with imputed
values had higher validity. The Poston et al. [35] study used
complete case analysis as the base case for their results. The
full sample produced ICERs that were lower than the com-
plete case analysis. Probabilistic sensitivity analysis was
utilized to measure the joint uncertainty around cost and
effect parameters in the modelling study [8], with findings
suggesting that there were no significant differences in
costs or effects for women with obesity or overweight be-
tween intervention and care as usual groups. A summary of
the sensitivity analyses can be found in Table S9.
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Discussion

Lifestyle interventions have demonstrated efficacy in limiting
gestational weight gain and other clinical outcomes, as
reflected in meta-analytical studies [10, 11¢]. In this system-
atic review, though, the interventions in the included studies
were mostly not cost-effective, primarily due to lack of effi-
cacy over a range of outcome measures in the included stud-
ies. Specifically, in the synthesis of the available data on
QALYs, only the intervention that used lifestyle coaching re-
lated to combined healthy eating and physical activity in the
study by Broekhuizen et al. [36] showed cost effective (and in
this case cost-saving) results. For the analysis of maternal and
infant outcomes, most interventions were either clearly not
cost-effective or cost-effectiveness depended on willingness
to pay thresholds. Willingness to pay thresholds are difficult
to determine for individual outcome types, which is one of the
main reasons for the health economist’s preference for using
quality of life scales such as QALYs to determine cost-
effectiveness [39]. In two of the studies, where the willingness
to pay threshold was in question, authors stated that outcomes
were unlikely to be cost effective [32, 36]. This assessment
was generally made on the basis of data from cost-
effectiveness acceptability curve graphs. All included cost-
effectiveness studies were rated as high quality on the
CHEERS checklist.

The studies included in this review represent only a fraction
of all studies conducted on the efficacy of lifestyle interven-
tions to limit gestational weight gain, as most interventions
lack cost-effectiveness analyses. Overall, much of the litera-
ture shows the benefits of lifestyle interventions; for instance,
the meta-analysis from the i-WIP Collaborative group found a
24% reduction in cases of gestational diabetes mellitus attrib-
utable to lifestyle intervention in a synthesis of 81 studies
[11ee]. This recent comprehensive review and meta-analysis
of the lifestyle intervention literature supports the efficacy of
lifestyle interventions to limit excess weight gain in pregnancy
and to reduce adverse maternal events, including gestational
diabetes, hypertensive disorders of pregnancy and caesarean
section [11e]. The significant results found in the meta-
analysis highlight that the results of many of the individual
studies were underpowered to demonstrate improved clinical
outcomes beyond gestational weight gain; similarly, the cost-
effectiveness studies presented in this review were underpow-
ered to determine return on investment. Issues such as hetero-
geneity and low intervention penetration limit the value of
single-study cost effectiveness analyses and suggest that cost
effectiveness modelling needs to be completed on integrated
meta-analysis data.

Although information from this review did not show cost-
effectiveness for most interventions, where an economic anal-
ysis had been performed, the data did enable generation of
aggregated cost data. Adaptation of cost-effectiveness results

to common currencies permitted comparisons across studies
and an approximation of cost-effectiveness for the UK and
Australia. The largest proportion of total costs was from
birth/delivery, suggesting that if there was an effect from in-
terventions on lowering Caesarean section rates, this would
have a significant impact on the cost-effectiveness of these
lifestyle interventions. It is also important to consider the
longer-term implications of higher than recommended weight
gain in pregnancy. High infant birth weight and the risk of
subsequent obesity for offspring, as well as increasing risk
of overweight and obesity in mothers, are significant public
health issues [40]. Studies that demonstrate the longer term
benefits of healthy lifestyle in pregnancy will be needed to
inform more accurate and complete cost effectiveness
analyses.

Intervention costs are an integral part of cost-
effectiveness analysis and were variable in the included
studies. Interventions delivered remotely may be more
cost-effective. A recent study by Redman et al. [41] found
that significantly less women exceeded the Institute of
Medicine guidelines [4] when they received a lifestyle
intervention during pregnancy than those that did not.
The similar results between lifestyle interventions deliv-
ered in person (56% exceeded recommendations) and re-
motely (58% exceeded recommendation) compared with
the control group (85% exceeded recommendations), sug-
gest that this intervention was as effective when delivered
remotely. The costs of delivering this intervention remote-
ly were less than half of those for delivering the interven-
tion in person, suggesting that eHealth interventions may
be more cost effective in this population. A systematic
review and meta-analysis has found that eHealth
lifestyle-focused interventions were modestly effective at
reducing gestational weight gain [42].

Interventions implemented at low cost could offer signifi-
cant public health benefits and savings, and further cost-
effectiveness modelling studies on aggregate data are re-
quired. The cost-effectiveness study by Rogozinska et al [8]
was modelled on individual patient data from a total of 36
studies. A further 89 papers were included in a follow up
paper by The International Weight Management in
Pregnancy Collaborative Group in 2017 [11e¢]; this analysis
is currently being updated and expanded. It is intended that the
updated meta-analysis will underpin an updated cost-
effectiveness analysis. Further study is also being conducted
on the components of the interventions, including use of the
TIDieR checklist [43] and taxonomy analysis, to inform future
cost effectiveness analyses. If cost-effectiveness is
established, implementation science should be utilized for
upscaling and delivery of the intervention in a public health
context, via production of clinical guidelines and translation
into clinical practice [44]. Investigation into intervention ef-
fectiveness should be accomplished through a systems
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thinking perspective, so as to address the barriers to lifestyle
change that are inherent in pregnancy as a life-stage [45, 46].

Limitations

There were methodological limitations to this review.
Although the search strategy was rigorous, followed
established guidelines for systematic review of economic
analyses [20] and included a thorough search of grey litera-
ture, there remains the possibility that relevant papers not pub-
lished in English were missed, as well as the potential for bias
due to unpublished papers. The authors note that two confer-
ence abstracts were found for economic evaluation articles
that met the inclusion criteria, but had not yet been published
(authors were contacted). A significant limitation of this study
was that there were few studies meeting the inclusion criteria,
as has been found in similar reviews [47].

Cost adaptation was both a strength and limitation in this
study. Adaptation of cost to a single currency and cost-year
allows comparison across studies. A limitation to this process
is that cost estimates can be interpreted as only representing an
estimate of the cost-effectiveness for that country, and thus
attention is required when making claims about the results.
It is worth noting that differences in changing costs over time
(third adaptation section) between the UK and Australia meant
that data changes may not be relative between the two costing
adaptations. Finally, the short time horizon for assessed stud-
ies in the current review means that longer-term effects were
not captured; consequently, this might underestimate the cost-
effectiveness of interventions.

Conclusion

There is a large body of research investigating the efficacy of
lifestyle interventions during pregnancy; however, few studies
have included cost-effectiveness analyses. To date, published
studies that have included a cost-effectiveness analysis have
been performed on studies with limited efficacy. To improve
our understanding of the cost-effectiveness of these interven-
tions, there needs to be a better understanding of what types of
interventions are most efficacious. This could be achieved
using taxonomy research and integrated meta-analysis.
Modelling of the aggregated costs and effects of these inter-
ventions is now required to enable a better understanding of
the cost-effectiveness of lifestyle interventions in pregnancy.
The implementation of cost-effective lifestyle interventions
population-wide could have significant and long-term positive
implications for intergenerational health.
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