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Abstract

Background: The cost-effectiveness of interventions has attracted increasing interest among researchers. Although web-based
and home-based psychoeducational interventions have been developed to improve first-time mothers’ postnatal health outcomes,
very limited studies have reported their cost-effectiveness.

Objective: The aim of this study was to evaluate the cost-effectiveness of web-based and home-based postnatal psychoeducational
interventions for first-time mothers during the early postpartum period.

Methods: A randomized controlled 3-group pretest and posttest design was adopted, and cost-effectiveness analysis from the
health care’s perspective was conducted. A total of 204 primiparas were recruited from a public tertiary hospital in Singapore
from October 2016 to August 2017 who were randomly allocated to the web-based intervention (n=68), home-based intervention
(n=68), or control (n=68) groups. Outcomes of maternal parental self-efficacy, social support, postnatal depression, anxiety, and
health care resource utilization were measured using valid and reliable instruments at baseline and at 1 month, 3 months, and 6
months after childbirth. The generalized linear regression models on effectiveness and cost were used to assess the incremental
cost-effectiveness ratios of the web-based and home-based intervention programs compared to routine care. Projections of
cumulative cost over 5 years incurred by the 3 programs at various coverage levels (ie, 10%, 50%, and 100%) were also estimated.

J Med Internet Res 2022 | vol. 24 | iss. 3 | e25821 | p. 1https://www.jmir.org/2022/3/e25821
(page number not for citation purposes)

Zheng et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:nurhhg@nus.edu.sg
http://www.w3.org/Style/XSL
http://www.renderx.com/


Results: The web-based intervention program dominated the other 2 programs (home-based program and routine care) with
the least cost (adjusted costs of SGD 376.50, SGD 457.60, and SGD 417.90 for web-based, home-based, and control group,
respectively; SGD 1=USD 0.75) and the best improvements in self-efficacy, social support, and psychological well-being. When
considering the implementation of study programs over the next 5 years by multiplying the average cost per first-time mother by
the estimated average number of first-time mothers in Singapore during the 5-year projection period, the web-based program was
the least costly program at all 3 coverage levels. Based on the 100% coverage, the reduced total cost reached nearly SGD 7.1
million and SGD 11.3 million when compared to control and home-based programs at the end of the fifth year, respectively.

Conclusions: The web-based approach was promisingly cost-effective to deliver the postnatal psychoeducational intervention
to first-time mothers and could be adopted by hospitals as postnatal care support.

Trial Registration: ISRCTN registry ISRCTN45202278; https://www.isrctn.com/ISRCTN45202278

(J Med Internet Res 2022;24(3):e25821) doi: 10.2196/25821
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Introduction

The early postpartum period is a stressful transition period for
first-time mothers owing to physical and emotional challenges
related to childbirth and challenges in adapting to their new
social roles, for example, parenting newborns and establishing
mother-infant relationship [1,2]. Based on the maternal role
attainment theory, a mother’s emotional health during the
postpartum period is mainly influenced by the mother’s
biopsychosocial well-being, family, and her surrounding
environment [3]. Many first-time mothers feel inadequately
prepared for motherhood and are situated in environments with
insufficient support [4-6].

Psychoeducational interventions have been developed to
improve new mothers’ knowledge in self-care and newborn
care during the postnatal period and to build on their strengths
and resources to promote emotional coping and parenting skill
development [5,7]. In Asian countries, including Singapore, the
follow-up home visits undertaken by midwives are not
commonly practiced [8]. Home-based psychoeducation
intervention via home visits is not easily accessible owing to
the shortage of midwives and nurses, and its cost-effectiveness
was undetermined [5,6,8]. Conversely, a similar intervention
delivered online, for example, a web-based platform, could
address the issues of inaccessibility and high cost [9,10]. About
two-thirds of the world population (62%) had access to the
internet in 2020 compared to 5.9% in 2000 [11]. In Singapore,
a newly initiated Home Access Program allows lower-income
households to afford fiber broadband connectivity and a tablet
at a subsidized rate to increase the population’s internet
accessibility [12,13], thus allowing more people to access
web-based resources. Moreover, the accessibility to web-based
interventions may significantly reduce people’s reliance on
health care professionals, thus lowering the burden on health
care, that is, administrative cost, time, and resource savings
[11]. Therefore, if the web-based intervention is effective, it
has the potential to be highly cost-effective as it can be delivered
at scale across large populations, with relatively low additional
costs per additional user [14] unlike face-to-face education or
in-person visits where labor costs account for a substantial
proportion of the total cost [15].

Although the effectiveness of web-based and mobile app–based
interventions [16-18] have been reported, limited information
exists on their cost-effectiveness. Previous studies have revealed
that compared to routine care or face-to-face intervention,
web-based or internet-based intervention could be a
cost-effective way for alcohol prevention in adolescents [11],
increasing physical activity for healthy adult Latina women [9],
dietetic services for weight management [19], and
self-management for people with type 2 diabetes [20]. However,
there is no study reporting the cost-effectiveness of web-based
and home-based psychoeducational interventions for first-time
mothers. Such knowledge may help to keep costs to a minimum
and make the intervention affordable for all mothers regardless
of their socioeconomic status, while achieving positive maternal
outcomes.

We conducted a 3-group randomized controlled trial that aimed
to examine the effectiveness and cost-effectiveness of web-based
and home-based postnatal psychoeducational programs in
first-time mothers. The details of the interventions have been
reported in the study protocol [12], and the outcomes of their
effectiveness have been reported in a separate paper [16]. This
paper aims to evaluate the cost-effectiveness of web-based and
home-based postnatal psychoeducational interventions on
outcomes of self-efficacy in newborn care (primary outcome),
social support, postnatal depression, and anxiety (secondary
outcomes) in first-time mothers during the early postpartum
period.

Methods

Ethics Approval
This study was approved by the National Health Group Domain
Specific Review Board on 25 January 2016 (NHG DSRB Ref:
2015/01189).

Study Design, Setting, and Sample
A randomized controlled trial was carried out in a tertiary public
hospital in Singapore. First-time mothers recruited from the
postnatal wards were randomly allocated to one of the 3
intervention groups: web-based group (receiving web-based
psychoeducational intervention plus routine care), home-based
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group (receiving home-based psychoeducational intervention
plus routine care), or control group (receiving routine care).
Mothers were excluded if they had identified physical or mental
disorders before and during pregnancy, had complicated assisted
delivery with fourth-degree perineal tear, gave birth to a stillborn
child, or had a child with a congenital anomaly or medical
complications [8]. The sample size of 204 was calculated based
on the primary outcome of maternal parental self-efficacy, with
68 allocated in each group [12,16]. The recruitment period was
from October 2016 to February 2017, and the last 6 months
follow-up data were collected in August 2017. The study design
and procedure have been previously reported in papers detailing
the study protocol [12] and clinical effectiveness [16]. This
study conducted a cost-effectiveness analysis from the health
care provider’s perspectives alongside the randomized controlled
trial.

Interventions

Control Group
Participants allocated to the control group only received routine
care provided by the hospital. It involved postnatal support from
nurses and midwives in the hospital and a postdelivery follow-up
(around 1-6 weeks) outpatient appointment with the doctor. The
support focused on providing didactic information on basic
baby care tasks while mothers were hospitalized for childbirth
as well as the inspection of episiotomy or cesarean section
wound and breastfeeding advice during the follow-up hospital
visit.

Home-Based Intervention Group
Participants allocated to the home-based group received a 1-hour
face-to-face postnatal psychoeducational intervention via a
home visit by a registered nurse in addition to routine care. A
self-developed educational booklet [12,16] developed based on
the evidence of literature by Shorey et al (unpublished data,
2012) and Wong et al [21] was used to facilitate the face-to-face
intervention. The booklet was provided to the participants before
hospital discharge. Three weekly telephone calls were included
in the intervention to address mothers’ queries. The postnatal
psychoeducational intervention contents were developed based
on Bandura’s self-efficacy theory [22], social support model,
findings from preliminary studies [4,5], and previous literature
[23-26].

Web-Based Intervention Group
Briefly, participants in the web-based group received a postnatal
psychoeducational intervention via a newly developed website
(Figure 1) with 1-month online access after childbirth in addition
to routine care. The main contents on the website were identical
to those in the booklet, with section-to-section audio files
(Figure 2) provided for the mothers’ convenience. Videos
demonstrating breastfeeding techniques, breast engorgement
management, infant bathing, and Kegel exercises based on
current practices in local hospitals were also developed and
embedded on the website. A peer discussion forum and a
confidential corner for the participants to communicate with
other mothers or research team members were also available.
Three weekly telephone calls, each lasting about 3 minutes,
served as reminders for participants to access the website;
participants did not receive additional information.

Figure 1. Homepage of the website for mothers in the web-based intervention group.
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Figure 2. Sample page of voiceover of the contents on the website.

Health Outcomes and Instruments
The health outcomes used to measure the effectiveness of the
interventions included maternal parental self-efficacy, social
support, postnatal depression, and anxiety. The instruments
used included the 17-item Perceived Maternal Parental
Self-efficacy Scale (total score range 17-68, higher scores
meaning better self-efficacy) [27,28], the 22-item modified
Perinatal Infant Care Social Support Scale (total score range
22-88, higher scores indicating better social support) [28,29],
the 10-item Edinburgh Postnatal Depression Scale (total score
range 0-30, lower scores meaning less depressive symptoms)
[30], and the Anxiety subscale of the Hospital Anxiety and
Depression Scale (total score range 0-21, lower scores meaning
less anxious) [31]. The higher scores of self-efficacy and social
support and the lower scores of depression and anxiety indicated
better outcomes. Detailed descriptions of the instruments and
their validity and reliability can be found in papers previously
published for this project [12,16].

Costs and Health Care Resource Utilization
The costs referred to in this study were viewed from a health
care provider’s perspective, which included costs associated
with the study interventions and costs related to the health
service utilization to treat postnatal medical conditions in
mothers and babies. Broadly, costs associated with the study
interventions included those incurred during the development
and implementation of interventions, ongoing delivery, and
maintenance of the interventions. Costs related to the
development and implementation of the web-based intervention
include the purchasing of goods and services for hardware,
software, educational materials, webpage design, maintenance,
and work delivered by third-party service providers and were
recorded from actual invoices. Costs of delivering the
home-based intervention program were captured based on home
visit human resources, material costs, and transportation fees.

Costs associated with health service utilization due to postnatal
medical conditions were collected using the Questionnaire on
Healthcare Service Utilization during 3 periods: within 1 month
after childbirth, 1-3 months after childbirth, and 3-6 months
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after childbirth. All medical conditions that required health care
services were captured and classified into 2 categories:
infant-related conditions and maternal-related conditions.
Service provider information was also recorded, which included
government polyclinics, private clinics (including general
practitioner clinics), hospital specialist outpatient clinics,
hospital emergency departments, hospital inpatient admissions,
over-the-counter pharmacies, and others. For every health
service received by patients, data on full bills (ie, before any
subsidies or insurance payments) were collected to estimate the
health care provider’s full cost for each service. In Singapore,
the public health care delivery system is not-for-profit. The
entire bill size is the best estimate for the true cost incurred for
delivering care. The entire bill size for certain health care
services is not charged at a flat rate; it varies among patients
depending on the duration of care delivery at each visit and the
seniority of the personnel attending to the patient. For example,
the cost of an outpatient visit is higher if the consultation time
with a senior consultant is longer compared to a shorter
consultation time with a junior consultant, although the unit
cost for the medications and procedures is standardized.

Data Analysis

Costs Associated With Study Interventions
Costs related to development and implementation of the
web-based intervention were further converted to an annualized
average cost per mother by assuming that the website could be
used for 5 years [32]. We also considered a depreciation factor
at 3% for the calculation of the above costs. Costs related to
delivering home-based interventions were averaged for each
participating patient in the study group as well. Since all 3
groups received identical routine care, the costs associated with
standard care were not included in the cost-effectiveness
analysis.

Costs Associated With Postnatal Health Services
For postnatal health services related to mothers’ and infants’
medical conditions, the costs were summarized into 3 categories:
service providers, infant-related conditions, and maternal-related
conditions. For each health service, for example, the general
practitioner and private clinic, the average cost per visit was
estimated by dividing the total bills incurred from patients who
utilized this service during the study period by the total number
of such visits. All costs were calculated in SGD (2016-2017,
SGD 1=USD 0.75).

Base Case Analysis
The base case analysis included all participants with complete
follow-up information and original randomized allocation
(N=193). The generalized linear regression models on
effectiveness and cost at the sixth month were applied to assess
the cost-effectiveness of the 3 programs, adjusting for relevant
sociodemographic and clinical characteristics. Univariable
models were first fit to identify the potential confounding factors
associated with effectiveness and cost. For example, the
effectiveness model was adjusted for potential confounding
factors such as baseline values, age, number of days since
baseline, ethnicity, employment status, monthly household
income, prenatal courses attendance, and skin-to-skin contact

with baby. The cost model was adjusted for factors that might
influence the utilization of health and other services (ie,
employment status and income levels). These adjustments aimed
to obtain average effectiveness and cost accounting for the
influence from abovementioned risk factors instead of the crude
results that might not be representative. To account for mothers
with zero cost, that is, those who did not consume any health
care resources during the study period, a 2-part model approach
was adopted. The first-part probit model estimated the
probability of zero cost and the second-part generalized linear
regression model, with a log link in gamma family, handled
nonzero positive cost data. For the base case analysis of
cost-effectiveness, time horizon for the health outcomes and
costs associated with ongoing delivery and maintenance of the
interventions were consistent with the randomized controlled
trial, that is, 6 months, with no discounting applied. Incremental
cost-effectiveness ratios (ICERs) were estimated to measure
the economic value of the study interventions in comparison to
the control group. It was calculated by dividing the difference
in total costs (incremental cost) by the difference in health
outcomes or effects at 6-month postintervention (incremental
effect) to provide a ratio of extra cost per unit of incremental
health effect. When calculating the ICER, the depression and
anxiety scores were inverted, which means that the higher the
score, the better after inversion.

Sensitivity Analyses
Probabilistic sensitivity analyses were adopted to address the
parameter uncertainty, that is, cost and effectiveness. The
distribution of the resulting 10,000 estimates of the ICER on
the cost-effectiveness plane depicts a joint uncertainty
surrounding costs and outcomes. Estimates in the lower right
quadrant of a cost-effectiveness plane suggest that the program
is more effective and less costly, while estimates in the upper
right quadrant suggest that it is more effective but costlier. The
cost-effectiveness acceptability curve was used to display the
probability that 1 program is cost-effective at a given
willingness-to-pay threshold. Several scenario analyses were
conducted to re-estimate the ICER to explore the results’
sensitivity to particular assumptions or parameters: (1) to assume
web-based and home-based program would be used for only 3
years and (2) to vary the overall program cost from 0% to 300%.

Projection of Nationwide Implementation of
Interventions Over 5 Years
The economic impact of national implementation of study
interventions over the next 5 years was estimated by multiplying
the average cost per the first-time mother by the estimated
average number of first-time mothers in Singapore. The number
of first-order babies born from 2012 to 2016 in Singapore ranged
from 19,292 to 20,755, yielding an average of 20,000 first-order
babies each year [33]. In our projection, we assumed that all
20,000 first-time mothers would be eligible for the
psychoeducational program. To consider different acceptance
levels of interventions, 3 program coverage levels, that is, 10%,
50%, and 100% for the eligible first-time mothers were adopted
for economic impact analysis.
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Results

Characteristics of the Participants and the Baseline
Health Outcomes Among the 3 Groups
In total, 204 mothers were recruited, with 193 included in the
economic evaluation (64 for web-based, 63 for home-based,
and 66 for control group). The CONSORT diagram and details
of the mothers’ characteristics have previously been published
[16]. Briefly, the mean age of the mothers was around 30 years
for all 3 groups, and half of them were of Chinese ethnicity.
Over 80% of the first-time mothers obtained a bachelor’s degree
or above (165/204) and were employed (175/204, 85%) during
the study period. Nearly three-fourths of the mothers had
monthly household incomes of more than SGD 5000 and the
majority (178/204, 87%) were healthy and had no chronic
diseases. Overall, around 58% (119/204) of the first-time
mothers had normal deliveries. There were no statistically
significant differences in all sociodemographic, clinical, and
baseline data among mothers in the 3 groups. There were no
significant differences in the baseline outcomes of self-efficacy,
social support, postnatal depression, and anxiety among the 3
groups [16].

Costs
During the 6-month follow-up period, health services utilization
data seeking various services concerning infant-related and
maternal-related conditions showed similar occurrence rates
among the 3 groups (Table 1). The number and percentage of
zero–health service use mothers were as follows: web-based
(28/64 44%), home-based (20/63, 32%), and control (30/66,
46%). The average health care cost per participant was SGD
339.90 (SD 493) for the web-based group, SGD 375.40 (SD
699.9) for the home-based group, and SGD 411.20 (SD 601)
for the control group. Moreover, the web-based program
involved an upfront cost of SGD 17,210 to develop both the
web design and educational videos and an annual web
maintenance fee of SGD 2900 per year. Similarly, the
home-based program required a SGD 233.40 upfront one-time
training fee for the payment of an experienced Registered
Midwife to train the Registered Nurse who delivered the
face-to-face postnatal psychoeducation; home visits cost SGD
77.42 for 1-hour session, which is inclusive of the manpower
cost as well as the costs of printed materials and transportation.
When accounting for all relevant costs, including 6 months’
health care utilization cost, the web-based program cost an
average of SGD 390.80/participant, while home-based and
control programs cost SGD 437.80/participant and SGD
411.20/participant, respectively.
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Table 1. Service use during the follow-up period (N=193).

Control (routine care) (n=66)cHome-based intervention

(n=63)b
Web-based intervention

(n=64)a

Cost (SGD), mean (SD)nCost (SGD), mean (SD)nCost (SGD)d, mean (SD)n

Service providers

260 (400.52)41150 (171.72)44127 (99.28)43General practitioner and private clinic

208 (193.93)34264 (241.48)21205 (201.90)17Hospital outpatient

276 (600.57)16392 (990.39)24199 (197.84)25Hospital accident and emergency

968 (744.45)8200 (0)2771 (452.60)6Hospital inpatient

38 (25.63)400149 (148.49)2Polyclinic

20 (0)118 (2.83)20 (0)0Over-the-counter

155 (163.28)692 (67.15)13179 (185.07)19Others

Infant-related conditions

110 (108.66)13198 (174.98)6196 (125.84)12Spit up (milk)

519 (536.23)255 (0)1156 (61.81)5Excessive eye discharge

217 (270.02)1296 (78.46)576 (70.85)3Infantile eczema

180 (195.25)434 (0)174 (36.77)4Diaper rash

298 (492.38)43244 (613.23)54239 (287.20)48Others

255 (409.74)74248 (617.18)67215 (248.68)72Total

Maternal-related conditions

91 (30.61)5100 (83.47)8128 (192.12)13Insufficient milk supply

175 (144.01)7145 (98.33)7139 (114.95)9Breast engorgement

56 (61.77)2282 (351.09)1094 (70.06)3Mastitis

20 (0)10 (0)030 (0)1Prolonged lochia

351 (496.33)21179 (134.66)15219 (231.55)14Others

257 (403.54)36183 (204.62)40157 (186.14)40Total

aUpfront cost: SGD 17,210, follow-up cost: SGD 2900 per year, average total cost per participant (a depreciation factor 3% over 5 years was considered
for the average total cost per participant calculation): SGD 390.8, average health care cost: SGD 339.9 (SD 493).
bUpfront cost: SGD 233.4, follow-up cost: SGD 77.42 per visit, average total cost per participant (a depreciation factor 3% over 5 years was considered
for the average total cost per participant calculation): SGD 437.8, average health care cost: SGD 375.4 (SD 699.9).
cUpfront cost: SGD 0, follow-up cost: SGD 0, average total cost per participant (a depreciation factor 3% over 5 years was considered for the average
total cost per participant calculation): SGD 411.2, average health care cost: SGD 411.2 (SD 601).
dSGD 1=USD 0.75.

Cost-effectiveness Analyses Results
The effectiveness of the web-based and home-based
psychoeducational intervention programs has previously been
reported [16]. Point estimates of the ICER for the scores of
self-efficacy, social support, postnatal depression, and anxiety
are reported in Table 2. In Table 2, the adjusted effectiveness
of each outcome (self-efficacy, social support, depression, and
anxiety) was estimated by adjusting for baseline values, age,
number of days since the baseline, ethnicity, employment status,
monthly household income, prenatal courses attendance, and
skin-to-skin contact with the baby. The base-case analysis
showed that the web-based group incurred the least cost and
was the most effective among the 3 groups across all outcome
measures. It saved around SGD 81 per participant (18% of the
average adjusted cost) compared to the home-based program

(adjusted cost: web-based group SGD 376.50 vs home-based
group SGD 457.60) while showing better performance in all
the outcomes, and SGD 41 per participant compared to the
control group (adjusted cost: web-based group SGD 376.50 vs
control group SGD 417.90) with better performance in all the
outcomes. Hence, it was considered dominant across all the
outcomes. When comparing the home-based group to the control
group, the ICER ranged from SGD 8.60 per social support score
improvement to SGD 90.20 per anxiety score (Anxiety subscale
of the Hospital Anxiety and Depression Scale) reduction. When
the validity of the programs was set for 3 years, the web-based
program remained the dominant strategy to provide postnatal
care (Table 2). The same pattern was observed when the overall
program cost was varied at 0% and 50%. At 200% and 300%
of the original overall program costs, the control program
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became the most cost-effective strategy, followed by the
web-based and home-based programs.

A probabilistic sensitivity analysis was adopted to account for
uncertainty from the trial. Cost-effectiveness planes comparing
web-based versus home-based and home-based versus control
were also generated (Figures 3 and 4). As shown in Figure 3,
the ICER estimates for self-efficacy and social support were
more in the right-side quadrants when comparing web-based
versus home-based interventions, and the ICER estimates for
maternal depression and anxiety were more in the left-side
quadrants. Similar patterns were observed for the comparison
of home-based versus control groups (Figure 4). The
cost-effectiveness acceptability curves (Figure 5) showed the
probability of cost-effectiveness for the 3 groups at various
willingness-to-pay levels for the scores of self-efficacy, social

support, postnatal depression, and anxiety. The pattern of the
cost-effectiveness acceptability curves for the self-efficacy,
social support, postnatal depression, and anxiety scores were
similar, with the highest curve from the web-based program
and the lowest curve from the control program. As the
web-based program was the most effective and was associated
with the lowest average total cost among the 3 programs, it was
most likely to be cost-effective at all willingness-to-pay levels.
However, its probability of cost-effectiveness showed a flat
trend when the willingness-to-pay level reached around SGD
100 per self-efficacy or per social support (per score change on
the scale) and SGD 400 per maternal depression or per maternal
anxiety (per score change on the scale). The lowest curve for
all 4 outcomes was for the control group, which indicated that
the routine care was the least likely to be cost-effective than the
other 2 intervention programs.
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Table 2. Incremental cost-effectiveness ratios from the base case and different scenarios for various outcome measures (N=193).

Anxiety (HADS-A)eDepression (EPDS)dSocial support (PICSS-

modified)c
Self-efficacy (PMPSE)bAdjusted cost

(SGD)a
Scenario,
group

ICERhAEICERhAEICERAEICERgAEf

Base case

Dominant3.36Dominant4.44Dominant81.6Dominantk59.11376.50Wi,j

N/A4.81N/A6.17N/A75.3N/Am56.28417.90Cl

90.24.3755.15.458.679.940.157.27457.60Hn

Program valid for 3 years only

Dominant3.36Dominant4.44Dominant81.6Dominant59.11392.90Wi

N/A4.81N/A6.17N/A75.3N/A56.28417.90C

91.64.3756.05.458.879.940.757.27458.20H

0% of the overall program cost

Dominant3.36Dominant4.44Dominant81.6Dominant59.11325.55Wi

Dominated4.81Dominated6.17Dominated75.3Dominatedo56.28380.22H

Dominated4.37Dominated5.45Dominated79.9Dominated57.27417.90C

50% of the overall program cost

Dominant3.36Dominant4.44Dominant81.6Dominant59.11351.01Wi

Dominated4.81Dominated6.17Dominated75.3Dominated56.28417.90C

Dominated4.37Dominated5.45Dominated79.9Dominated57.27419.12H

200% of the overall program cost

N/A3.36N/A4.44N/A81.6N/A59.11417.90Ci

6.54.815.56.171.575.33.356.28427.38W

Dominated4.37Dominated5.45Dominated79.9Dominated57.27535.81H

300% of the overall program cost

N/A3.36N/A4.44N/A81.6N/A59.11417.90C

41.64.8134.96.179.675.321.356.28478.29W

Dominated4.37Dominated5.45Dominated79.9Dominated57.27613.61H

aSGD 1=USD 0.75.
bPMPSE: Perceived Maternal Parental Self-Efficacy.
cPICSS-modified: modified Perinatal Infant Care Social Support.
dEPDS: Edinburgh Postnatal Depression Scale.
eHADS-A: Anxiety subscale of the Hospital Anxiety and Depression Scale.
fAE: adjusted effectiveness.
gICER: incremental cost-effectiveness ratio.
hThe scores of depression/anxiety were inverted before calculating the incremental cost-effectiveness ratio so that the higher scores indicate the better
after inversion.
iThe group with the least cost in each scenario is italicized.
jW: web-based intervention group.
kDominant means the program is the best in both cost and efficacy among the 3 groups.
lC: control group.
mN/A: not applicable.
nH: home-based intervention group.
oDominated means the program is the worst in both cost and efficacy among the 3 groups.
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Figure 3. Cost-effectiveness planes of web-based versus home-based groups (home-based as the base for the incremental calculation) for all outcomes
(favored the positive side for all outcomes, the scores of depression and anxiety had been inverted when calculating the incremental cost-effectiveness
ratio) (N=193).

Figure 4. Cost-effectiveness planes of home-based versus control groups (control as the base for the incremental calculation) for all outcomes (favored
the positive side for all outcomes, the scores of depression and anxiety had been inverted when calculating the incremental cost-effectiveness ratio)
(N=193).
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Figure 5. Cost-effectiveness acceptability curves for all outcomes at various willingness-to-pay thresholds (per score improvement) among the 3 groups
(N=193).

Projection of Nationwide Implementation of
Interventions Over 5 Years
As shown in Table 3, during the 5-year projection period, the
web-based intervention was the least costly program at all 3
coverage levels (ie, SGD 3,430,711 at 10% coverage, SGD
17,026,711 at 50%, and SGD 34,021,711 at 100%), and based
on the 100% coverage, the reduced total cost reached nearly
SGD 7.1 million (41,120,000 minus 34,021,711) and SGD 11.3
million (45,282,233 minus 34,021,711) compared to the control
and home-based groups at the end of the fifth year, respectively.

Although there was a relatively high upfront cost for the
web-based program, it needed a very low maintenance fee for
each year after the first year and provided almost unlimited
concurrent access to the web-based contents for all target
populations. On the contrary, the home-based program required
intensive manpower to deliver face-to-face teaching for each
visit, which was sensitive to the program’s coverage and
comprised 17% of the total cost. Therefore, even with the lower
health care cost over 5 years, the home-based program was the
costliest in terms of the total cost incurred based on the base-case
analysis results.
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Table 3. Projections of cumulative cost over 5 years incurred by 3 programs at different coverage levels for first-time mothers (N=193).a

Fifth year (SGD)Fourth year (SGD)Third year (SGD)Second year (SGD)First year (SGD)Upfront (SGD)Group, cost, coverage

Web-based intervention group

Program cost

31,71128,81125,91123,01120,11017,21010%, 50%, 100%

Health care cost

3,399,0002,719,2002,039,4001,359,600679,800010%

16,995,00013,596,00010,197,0006,798,0003,399,000050%

33,990,00027,192,00020,394,00013,596,0006,798,0000100%

Total cost

3,430,7112,748,0112,065,3111,382,611699,91017,21010%

17,026,71113,624,81110,222,9116,821,0113,419,11017,21050%

34,021,71127,220,81120,419,91113,619,0116,818,11017,210100%

Home-based intervention group

Program cost

774,433619,593464,753309,913155,07323310%

3,871,2333,097,0332,322,8331,548,633774,43323350%

7,742,2336,193,8334,645,4333,097,0331,548,633233100%

Health care cost

3,754,0003,003,2002,252,4001,501,600750,800010%

18,770,00015,016,00011,262,0007,508,0003,754,000050%

37,540,00030,032,00022,524,00015,016,0007,508,0000100%

Total cost

4,528,4333,622,7932,717,1531,811,513905,87323310%

22,641,23318,113,03313,584,8339,056,6334,528,43323350%

45,282,23336,225,83327,169,43318,113,0339,056,633233100%

Control group

Program cost

00000010%, 50%, 100%

Health care cost

4,112,0003,289,6002,467,2001,644,800822,400010%

20,560,00016,448,00012,336,0008,224,0004,112,000050%

41,120,00032,896,00024,672,00016,448,0008,224,0000100%

Total cost

4,112,0003,289,6002,467,2001,644,800822,400010%

20,560,00016,448,00012,336,0008,224,0004,112,000050%

41,120,00032,896,00024,672,00016,448,0008,224,0000100%

aSGD 1=USD 0.75.

Discussion

Principal Results
To the best of our knowledge, this is the first study that
economically evaluated modes of delivering psychoeducation
to first-time mothers. Data on economic outcome measures were

less frequently reported [34]. Findings from this study indicated
that the web-based psychoeducation program was the most
cost-effective approach compared to the home-based and control
programs. In the base-case analysis, the web-based
psychoeducation program dominated the other 2 programs across
all outcomes. It saved around SGD 81 per participant (18% of
the average adjusted cost) compared to the home-based program
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and around SGD 41 per participant compared to the routine care
alone while showing better performance over them. Our findings
are consistent with the results from previous studies
demonstrating that web-based or internet-based intervention is
cost-effective for various populations when compared to routine
care or home-based intervention [10,11,19,20]. In addition, our
findings are in line with results from systematic reviews and
meta-analyses of the effectiveness and cost-effectiveness of
eHealth interventions in somatic diseases, in which most studies
indicated that eHealth was effective and cost-effective or at
least promising [34]. Another systematic review and
meta-analysis reporting the effectiveness and cost-effectiveness
of eHealth interventions for depression and anxiety in primary
care demonstrated that eHealth was only cost-effective for
depression, but there was no evidence for its effectiveness for
anxiety [35]. The findings are partly inconsistent with ours,
which demonstrated that the web-based program was more
cost-effective than the home-based and control programs for
self-efficacy, social support, depression, and anxiety. In our
sensitivity analysis, we also noticed that the probability of being
the best cost-effective was between 45% and 50% for all 4
reported outcomes (Figure 5). Hence, our findings provided
evidence that the web-based approach may be a cost-effective
way of delivering psychoeducational interventions but need
further confirmation with large scale data (eg, real-world study)
[36].

To evaluate the budget impact of adopting the programs, we
used the average cost data and the estimated number of first-time
mothers in Singapore to project the cumulative cost over 5 years
[11]. Assuming a 10% to 100% coverage of the web-based
psychoeducation program, we found that around SGD 1 million
to SGD 11.2 million would be saved compared to the
home-based program or around SGD 680,000 to SGD 7.1
million costs would be saved when compared to the control
program at the fifth year. The tremendous projected savings for
the web-based program make it promising and attractive to be
implemented nationwide. In short, over the 5-year projection,
the web-based program showed long-term cost-savings
compared to the home-based program and the routine care.
Although the upfront cost was high for the web-based program,
the low maintenance fee made it superior to the other 2 groups.

Strengths and Limitations
This study has several strengths, which include its rigorous
study design and the use of market data for personnel costs. The
cost-effectiveness analysis was conducted alongside the 3-group
repeated measures randomized controlled trial with a 6-month
follow-up period. To evaluate the robustness of the results, we
conducted both deterministic and probabilistic sensitivity
analyses to check the uncertainty of our model. When the overall
program cost was increased by 2-3 times (200% and 300% of
the overall program costs, respectively), the control group cost
the least among the 3 programs. However, the ICER of the
web-based program over control program was rather low, that
is, ranging from SGD 1.50 to SGD 6.50 per score improvement
among all outcomes for 200% of the overall program cost and
from SGD 9.60 to SGD 41.60 per score improvement among
all outcomes for 300% of the overall program cost. The
web-based program could be a preferred approach, given these

relatively low ICERs. The cost-effectiveness acceptability curves
were constructed to assess the sampling uncertainty from the
trial based on 10,000 times bootstrapped results. The
probabilities of the web-based program being cost-effective
increased when the willingness-to-pay threshold increased and
remained the highest among all 3 groups regardless of the
willingness-to-pay thresholds. Despite the strengths, there were
some limitations in this study. First, medical utilization data
were collected at an individual level for all participants during
the follow-up period and captured all possible costs incurred.
However, the sample size was estimated based on the clinical
effectiveness of the primary outcome of self-efficacy rather than
the cost-effectiveness; thus, this might have contributed to
uncertainty surrounding the results [37]. Meanwhile, there were
11 participants with missing cost data for the analysis, which
might have affected the estimation of the cost for each group.
To better address the uncertainty, we conducted a series of
deterministic and probabilistic sensitivity analyses and found
that the results were quite consistent and robust across the
various analyses. In addition, this study used a randomized
controlled trial with a 3-group study design, and the
effectiveness of the interventions was evaluated up to 6 months
after childbirth (about 5 months after the intervention), thus
contributing to the robust study design [12,16] and ensuring
that the findings from this study were representative and
meaningful. Second, this analysis estimated costs from a health
care perspective and not the estimated costs from a societal
perspective. Therefore, it is recommended that future studies
should conduct cost-effectiveness analysis of similar
intervention from a social perspective. Third, the measurements
of the health services utilization were based on self-reports at
each follow-up data collection, which might lead to an
underestimation of health resource use in comparison with daily
recording in diaries, as people may forget to recall the services
used [10]. However, in this study, the recall periods were kept
short. The recall period for the costs of health resource used
was only 3 months. Moreover, since we used a randomized
design in this study, this underestimation was likely to be equally
distributed among the 3 groups. Therefore, it is unlikely that
the ICERS were affected in this study. Lastly, the calculated
costs of the projection of nationwide implementation of
interventions over 5 years were based on all first-time mothers,
including those with complications. Since we excluded these
mothers with severe complications in this study, our estimated
costs might be conservative since the actual health care costs
for those with complications might be higher. However, this
would not affect the group comparison outcomes.

Clinical Implications and Recommendations for Future
Studies
Costs, clinical considerations, and participant preferences are
often used to determine the choice of a treatment or intervention
and its delivery [38]. The findings from this study suggest that
a web-based postnatal psychoeducational intervention for
first-time mothers was the most cost-effective approach for all
outcomes measured. Currently, such postnatal psychoeducational
interventions are not routinely provided in Singapore and need
to be seriously considered in postnatal care to support mothers,
especially first-time mothers. In addition, future studies using
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diaries to record the cost of using health resources and
estimating costs from both health care and societal perspectives
are recommended.

Conclusions
Our findings suggest that compared to home-based
psychoeducational intervention and routine care, the web-based
approach was promisingly cost-effective to deliver the postnatal
psychoeducational intervention to first-time mothers and could
be adopted by hospitals as part of postnatal care support.
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