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BACKGROUND: Obstetric health care relies on an adequate ante-

were performed to evaluate the robustness of the findings.

partum risk selection. Most guidelines used for risk stratification, however,
do not assess absolute risks. In 2017, a prediction tool was implemented
in a Dutch region. This tool combines first trimester prediction models with
obstetric care paths tailored to the individual risk profile, enabling riskbased care.
OBJECTIVE: To assess impact and cost-effectiveness of risk-based
care compared to care-as-usual in a general population.
METHODS: A before-after study was conducted using 2 multicenter
prospective cohorts. The first cohort (2013e2015) received care-asusual; the second cohort (2017e2018) received risk-based care.
Health outcomes were (1) a composite of adverse perinatal outcomes and
(2) maternal quality-adjusted life-years. Costs were estimated using a
health care perspective from conception to 6 weeks after the due date.
Mean costs per woman, cost differences between the 2 groups, and incremental cost effectiveness ratios were calculated. Sensitivity analyses

RESULTS: In total 3425 women were included. In nulliparous women

I

n most developed countries, criteria
lists are used to identify women with
an increased risk of common adverse
pregnancy outcomes (eg, preeclampsia,
gestational diabetes mellitus).1e4 In the
Netherlands an obstetric indication
checklist is used to allocate women to
either primary care (autonomous midwives) or secondary care (obstetricians).1 However, like many other
guidelines,2e4 this list is composed of a
collection of single risk factors. It does
not assess an individual woman’s absolute risk and neither does it take a combination of factors into account.
Moreover, this guideline does not
describe the content of care, but merely
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there was a significant reduction of perinatal adverse outcomes among the
risk-based care group (adjusted odds ratio, 0.56; 95% confidence interval,
0.32e0.94), but not in multiparous women. Mean costs per pregnant
woman were significantly lower for risk-based care (mean difference,
eV2766; 95% confidence interval, eV3700 to eV1825). No differences in maternal quality of life, adjusted for baseline health, were
observed.
CONCLUSION: In the Netherlands, risk-based care in nulliparous
women was associated with improved perinatal outcomes as compared to
care-as-usual. Furthermore, risk-based care was cost-effective compared
to care-as-usual and resulted in lower health care costs.
Key words: cost-effectiveness, implementation, perinatal outcomes,

prediction, pregnancy, quality of life

indicates the recommended level of
health care.
Prediction models, weighing several
risk factors simultaneously, improve
risk assessment of pre-eclampsia (PE)
and gestational diabetes mellitus
(GDM) (Meertens et al5). If these
models are combined with care paths
adjusted to the risk proﬁle, obstetric
care may transform to a more individual, risk-based approach. The
Expect Study was designed to improve
risk assessment in pregnant women
and to implement clinically beneﬁcial
prediction models in daily obstetric
practice.6,7 A prediction tool was
developed to facilitate implementation
of risk-based care (RBC). This tool
assesses women’s risks during the ﬁrst
trimester upon PE, GDM, fetal growth
deviation, and spontaneous preterm
birth (sPTB). The results of the risk
assessment were combined with care
paths tailored to the individual risks.7
RBC comprises basic antenatal care for
every woman and speciﬁc additional recommendations for women with an
increased risk. Owing to the different

organizational model of RBC, health care
resources are reallocated. Moreover, RBC
is focused at early detection and prevention of pregnancy-related complications,
which could result in a reduction of
complications. For example, in RBC, all
women are recommended to assure an
adequate calcium intake, which is correlated with a reduction of PE.8 Furthermore, in case of an increased PE risk,
women are counseled regarding low-dose
aspirin.9 Aspirin may improve perinatal
outcomes since it is correlated with a
reduction of PE, small-for-gestational-age
(SGA) infancy, and sPTB in women at risk
of PE.10e12 Furthermore, screening and
diagnosis of GDM improved in RBC (van
Montfort et al, 2020), which is also
correlated with a reduction of adverse
perinatal outcomes.13,14
Although studies developing or validating prediction models may result in
potentially useful prediction models,
clinical impact of a prediction tool in
daily practice may vastly differ from the
results suggested by these studies. This
could be due to, for example, differences
in application, or due to an interplay of
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Why was the study conducted?
 An increasing amount of prediction models are being published, but studies of
the clinical impact of such models are scarce.
 The clinical impact of prediction models in daily practice may vastly differ
from the results suggested by development—or validation studies.
Key ﬁndings
 As compared to care-as-usual, implementation of risk-based care was associated with improved perinatal outcomes among nulliparous women.
 Implementation of risk-based care resulted in a considerable cost reduction,
with a mean difference of V2700 per pregnancy.
What does this add to what is known?
 Studies have shown that prediction models may outperform clinical guidelines
identifying women at risk of complications during pregnancy, such as
preeclampsia.
 This study shows that implementing a risk prediction tool in obstetric practice
can lead to a considerable cost reduction and to improved perinatal health
outcomes in nulliparous women.

both health care professionals’ and
women’s adherence to the recommendations provided.15
This is one of the few studies implementing a prediction tool for obstetric
care in daily clinical practice.16 The aim
of this study was to investigate the
impact of RBC as compared to care-asusual (CAU) on perinatal health and its
cost-effectiveness. A before-after analysis
has been performed by comparing perinatal outcomes and costs of 2 successive
multicenter prospective cohorts.

Methods
Recruitment and study design
To evaluate the impact of RBC we used a
before-after design comprising 2 successive multiple prospective cohorts. Women
enrolled in the validation study (Expect
Study I, 2013e2015) received CAU. A
subgroup of these women received additional questions related to the costeffectiveness outcomes. All women
enrolled in the implementation study
(Expect Study II, 2017e2018) received
RBC. All women participating in Expect
Study II received the cost questionnaires.
A detailed study protocol for both
cohorts has been published previously.6,7

The protocol is illustrated in Figure 1. In
short, for both cohorts all women 18
years old, with their ﬁrst prenatal visit
before 16 weeks of pregnancy, were
eligible for inclusion. Owing to the small
number of twin pregnancies (n ¼ 4) in
the cost-effectiveness cohort of Expect
Study I, inclusion for Expect Study II was
limited to singleton pregnancies.
Furthermore, to assure that all participants received RBC, enrollment for
Expect Study II was effectuated via the
prediction tool (ie, recruitment was only
possible if the prediction tool was used).
All hospitals of the region and the majority of autonomous midwifery practices recruited women for both cohorts.

Data collection
Data collection was similar for both cohorts. Women received 4 online surveys:
at enrollment (survey 1), at 24 weeks of
pregnancy (survey 2), at 34 weeks of
pregnancy (survey 3), and 6 weeks after
the due date (survey 4). Additionally,
medical records and letters of discharge
were retrieved and entered into a predesigned datasheet. For Expect Study II
data retrieved by the prediction tool were
logged as well.

431.e2 American Journal of Obstetrics & Gynecology SEPTEMBER 2020

Surveys 2e4 embedded the cost
questionnaires. The recall periods in the
cost questionnaires were approximately
24 weeks (conception to survey 2), 10
weeks (survey 2 to survey 3), and 12
weeks (survey 3 to postpartum survey).
The questions covered every possible
type of health care professional (eg,
general practitioner, midwife, and
physiotherapist). A category “other” was
provided in case women felt their
particular health care professional was
not listed. Additional questions were
asked to specify the type of contact (eg,
consult, phone call) along with corresponding frequencies.
Questions related to perinatal outcomes were incorporated in the postpartum survey. In case of discrepancies
with the medical record, we contacted
corresponding health care professionals
for ﬁnal decision. With respect to
maternal quality-adjusted life-years
(QALYs), the EQ-5D-3L questionnaire
was embedded in each survey, allowing 4
time points for the QALY calculation.17

Risk-based care
The Limburg Obstetric Consortium
(LOC), responsible for the maternity
care in the southeastern part of the
Netherlands, developed health care
paths. These paths describe the content
of obstetric care in detail for all women
(basic care) and additional recommendations for those with an increased risk.
The exact content of these care paths is
listed in the Expect Study II protocol7
and is summarized in the Appendix
(Supplementary Figure).
In order to achieve broad consensus
regarding the content of the health care
paths, a 4-step bottom-up approach
was used. Firstly, relevant scientiﬁc
evidence was collected and summarized; secondly, the evidence was
translated into statements with respect
to content and form of care; thirdly,
these statements were embedded in
online surveys and sent to all health
care professionals of the region; and
ﬁnally, the survey results were discussed by representatives of the LOC to
reach consensus on content and form
of care.18 A similar approach was used
to achieve consensus regarding suitable
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FIGURE 1

Inclusion and data collection of the Expect Study

van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

risk thresholds for the algorithms
embedded in the prediction tool.9
To implement RBC, an online prediction tool was developed and made
available for all health care professionals
of the region. The algorithms of the
prediction models are provided in
Supplementary Table 1. This tool assesses the risks of PE, GDM, sPTB, and
SGA
and
large-for-gestational-age
(LGA) infancy. It embeds the prediction models of Syngelaki and Van Leeuwen for the risk assessment of PE and
GDM, respectively, externally validated
and recalibrated by our group.5 Risks of
sPTB, SGA, and LGA were assessed with
regional guidelines.

respectively). All participating women
gave informed consent.

Ethical approval

Perinatal health

The Medical Ethical Committee of the
Maastricht University Medical Centre
declared that no ethical approval was
necessary for Expect Study I and II
(MEC-13-4-053 and MEC-17-4-057,

To assess perinatal health, we prospectively deﬁned a composite outcome.7
The composite outcome consists of at
least 1 of the following situations: stillbirth or neonatal death within 7 days

Costs
Unit costs of health care resources were
obtained from the Dutch manual for
costing in health economic evaluations.19 In case unit costs were unavailable, they were retrieved from the Dutch
Healthcare Authority Tariffs, or a
recently
published
Dutch
costeffectiveness study in obstetrics.20,21
Costs of medication were retrieved
from the Dutch Pharmacotherapeutic
Register.22 Using the Dutch Consumer
Price Index all costs were expressed in
Euros (2017 value).23

after birth, asphyxia (Apgar score <7
after 5 minutes), admission to a neonatal
intensive care unit within 28 days after
birth, birthweight <2.3 weight percentile, and birth before 32 completed weeks
of pregnancy. Birthweight percentiles
were calculated using Dutch reference
curves, corrected for gestational age,
parity, fetal sex, and ethnicity.24 Only the
ﬁrst survey (or, in case of RBC, data of
the prediction tool) combined with
either the postpartum survey or medical
record were necessary to evaluate this
outcome. For this reason, we used the
data of all participants of both cohorts to
assess the impact on perinatal health.

Statistical analysis
The organization of maternity care
(CAU vs RBC) was used as an independent variable in the logistic regression.
To account for differences at baseline, we
also performed a multiple logistic
regression adjusting for maternal
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baseline health utility (continuous), PE
risk (continuous), GDM risk (continuous), obstetric history (nulliparous,
multiparous with prior sPTB <34 weeks
or with prior SGA infancy <10th
percentile, multiparous without prior
sPTB <34 weeks and without prior SGA
infancy <10th percentile), and level of
health care received at recruitment
(primary care vs secondary care).
For the economic evaluation we used a
health care perspective, comprising all
health care services received by the
woman or her child, over a time horizon
of approximately 11 months (conception to 6 weeks after the due date).
Women who did not complete any of the
cost questionnaires (surveys 2e4) were
excluded from the cost-effectiveness
analysis. Missing data were imputed using stochastic regression imputation
with predictive mean matching (average
amount of missing data per variable was
5%).25 We compared the observed
cohort and the imputed cohort by
comparing the distribution of imputed
variables.
Two incremental cost-effectiveness
ratios (ICERs) were calculated. The
ﬁrst ICER expresses the incremental
costs per perinatal composite outcome
prevented. Since the nature of the perinatal composite outcome is strongly
correlated with neonatal admission,
costs of neonatal admission are not taken
into account for this ICER. For costeffectiveness calculations, outcomes are
usually coded so that the highest score
represents the best health outcome.
Therefore, for this ICER, we converted
the perinatal composite score: 1 corresponds with nonoccurrence and 0 with
occurrence of the outcome.
The second ICER expresses the incremental costs per incremental
maternal QALY. Health-related quality
of life was evaluated by means of the
standardized Euroqol EQ-5D-3L questionnaire using corresponding health
utility scores based on the Dutch population.17,26 The area under curve was
calculated (Figure 2) to retrieve a
patient-level QALY for the observation
period.
To determine the 95% conﬁdence interval (CI), we applied nonparametric

FIGURE 2

Health utility scores in care-as-usual and risk-based care cohort
Area under curve represents the quality-adjusted life-years

CAU, care-as-usual; RBC, risk-based care.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

bootstrapping using 10,000 replications
with replacement from the original data
and calculated the mean costs, effects,
and ICERs. Conﬁdence intervals were
obtained by calculating the biascorrected and accelerated (BCa) bootstrap interval.27 Uncertainty regarding
these results was visualized by plotting
the cost-effectiveness plane and the costeffectiveness acceptability curve. All statistical analyses were performed using R
statistical software version 3.6.0.28

Sensitivity analysis and subgroup
analysis
To analyze the inﬂuence of parity and
level of health care at recruitment on
both costs and health outcomes, we
performed a subgroup analysis for
nulliparous and multiparous women,
and for women recruited in primary
care and women recruited in secondary
care.
For the ﬁrst sensitivity analysis we
used the Hoftiezer birthweight percentile curves. These new curves describe
birthweight more accurately,29 but they
lack a 2.3rd percentile. Therefore, we
used the 3rd percentile and adapted our
perinatal composite for this analysis.
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To examine the inﬂuence of differences between health care professionals
recruiting women for the 2 cohorts, we
performed a sensitivity analysis with
data restricted to women enrolled by
obstetric centers that recruited women
for both cohorts.
To account for possible trends over
time, we applied a linear and a logistic
regression to the CAU cohort for health
care costs and the perinatal composite
outcome, respectively. The duration of
Expect Study I (days, continuous) was
used as an independent variable while
correcting for the same baseline characteristics as in our primary analysis.

Results
Data of 3425 women were available for
the analysis of the adverse perinatal
outcome; 2590 women received CAU
and 835 received RBC. For the economic
evaluation, data of 1693 women were
available: 884 and 809 women receiving
CAU and RBC, respectively. Figure 1
provides a ﬂowchart of the participant
enrollment. Baseline characteristics of
both cohorts, as well as the costeffectiveness sub-cohorts, are tabulated
in Table 1.
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TABLE 1

Baseline characteristics of Expect Study cohorts I and II
Baseline characteristics <16þ0
weeks of gestation
Age, years; mean  SD

CAU, all participants;
n ¼ 2590
30.2  3.9

CAU, available for
cost-effectiveness
analysis; n ¼ 884
30.6  3.7

RBC, all
participants;
n ¼ 835
30.7  4.0

RBC, available for
cost-effectiveness
analysis; n ¼ 809
30.7  4.0

Ethnicity; n (%)
Caucasian

2509 (96.9)

872 (98.6)

817 (97.8)

791 (97.8)

81 (3.1)

12 (1.4)

18 (2.2)

18 (2.2)

Primary or secondary

1183 (45.7)

339 (38.3)

337 (40.8)

324 (40.4)

Tertiary level of education

1407 (54.3)

545 (61.7)

488 (59.2)

478 (59.6)

Other
Education level; n (%)

Body mass index, kg/m ; mean  SD
2

24.2  4.3

24.1  4.2

24.8  4.7

24.8  4.7

Smoking during pregnancy; n (%)
Yes

314 (12.1)

81 (9.2)

38 (4.6)

37 (4.6)

No

2276 (87.9)

803 (90.8)

797 (95.4)

772 (95.4)

Preexistent hypertension

27 (1.0)

18 (2.0)

16 (1.9)

16 (2.0)

Preexistent diabetes mellitus

12 (0.5)

7 (0.8)

10 (1.2)

9 (1.1)

Medical history; n (%)

Health utility score; mean  SD

0.93  0.13

0.94  0.12

0.91  0.13

0.91  0.13

Conception; n (%)
Natural

2419 (93.4)

810 (91.6)

759 (90.9)

734 (90.7)

Ovulation induction

92 (3.6)

41 (4.6)

36 (4.3)

36 (4.4)

In vitro fertilization

79 (3.1)

33 (3.7)

40 (4.8)

39 (4.8)

Nulliparous

1315 (50.8)

448 (50.7)

421 (50.4)

409 (50.6)

Multiparous

1275 (49.2)

436 (49.3)

414 (49.6)

400 (49.4)

Prior PE; n (%)

72 (2.8)

31 (3.5)

50 (6.0)

48 (5.9)

Prior GDM; n (%)

14 (0.5)

5 (0.6)

19 (2.3)

19 (2.3)

Prior SGA; n (%)

110 (4.2)

42 (4.8)

44 (5.3)

43 (5.3)

Prior LGA; n (%)

168 (6.5)

59 (6.7)

44 (5.3)

42 (5.2)

29 (1.1)

11 (1.2)

11 (1.3)

11 (1.4)

965 (37.3)

349 (39.5)

359 (43.0)

350 (43.3)

1394 (53.8)

478 (54.1)

408 (48.9)

400 (49.4)

2113 (81.6)

680 (76.9)

616 (73.8)

593 (73.3)

477 (18.4)

204 (23.1)

219 (26.2)

216 (26.7)

Obstetric history; n (%)

Prior sPTB <34 weeks; n (%)
Risk assessment; n (%)
Increased PE risk
Increased GDM risk
Recruited in; n (%)
Primary care (midwife)
Secondary care (obstetrician)

CAU, care-as-usual; GDM, gestational diabetes mellitus; IQR, interquartile range; LGA, large-for-gestational-age infancy (>90th percentile); PE, preeclampsia; RBC, risk-based care; SD, standard
deviation; SGA, small-for-gestational-age infancy (<10th percentile); sPTB, spontaneous preterm birth.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

The cohorts did not substantially
differ in the distributions of age or body
mass index, nor in the proportion of

nulliparous and multiparous women.
The RBC cohort, however, contains a
slightly larger proportion of women

recruited in secondary care, compared to
the CAU cohort. Additionally, women of
the RBC cohort had a slightly lower
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TABLE 2

Health outcomes
CAU, all participants;
n ¼ 2590

CAU, available for
cost-effectiveness
analysis; n ¼ 884

RBC, all participants;
n ¼ 835

RBC, available for
cost-effectiveness
analysis; n ¼ 809

135 (5.2)

42 (4.8)

36 (4.3)

32 (4.0)

Birth <32 weeks

26 (1.0)

7 (0.8)

11 (1.3)

8 (1.0)

NICU admission

54 (2.1)

20 (2.3)

12 (1.4)

11 (1.4)

Birth percentile <2.3

48 (1.9)

9 (1.0)

11 (1.3)

11 (1.4)

Apgar <7 after 5 minutes

43 (1.7)

15 (1.7)

12 (1.4)

11 (1.4)

Stillbirth or neonatal death <7 days

14 (0.5)

4 (0.5)

7 (0.8)

4 (0.5)

0.89  0.11

0.87  0.12

0.87  0.12

0.94  0.12

0.91  0.13

0.91  0.13

Health outcomes
Neonatal
Perinatal composite outcome

Maternal
Maternal QALYs

0.93  0.13

Health utility at baseline
Health utility at 24 weeks

-

0.85  0.17

-

0.84  0.16

Health utility at 34 weeks

-

0.81  0.18

-

0.79  0.18

Health utility postpartum

0.94  0.12

0.94  0.12

0.91  0.14

0.91  0.14

CAU, care-as-usual; NICU, neonatal intensive care unit; QALY, quality-adjusted life-year; RBC, risk-based care.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

TABLE 3

Analysis of perinatal composite score
No. of
participants

No. with neonatal composite
outcome, n (%; 95% CI)

Odds ratio (95% CI)

P value

3425

171 (5.0; 4.3e5.8)

-

-

No (CAU)

2590

135 (5.2; 4.4e6.1)

1 [Reference]

Yes (RBC)

835

36 (4.3; 3.1e5.9)

No (CAU)

2590

135 (5.2; 4.4e6.1)

Yes (RBC)

835

36 (4.3; 3.1e5.9)

All
Unadjusted analysis
Risk-based care

0.82 (0.55e1.18)

.30

Adjusted analysis
Risk-based care
1 [Reference]
0.76 (0.51e1.11)

.17

Baseline health utility

0.99 (0.98e1.00)

.09

Estimated PE risk

1.00 (0.95e1.04)

.92

Estimated GDM risk

1.01 (0.98e1.03)

.64

Obstetric history
Nulliparous

1736

105 (6.0; 5.0e7.3)

1 [Reference]

Prior sPTB <34 weeks or SGA infancy

186

18 (9.7; 6.2e14.8)

1.50 (0.85e2.51)

.14

No prior sPTB <34 weeks or SGA infancy

1503

48 (3.2; 2.4e4.2)

0.52 (0.36e0.74)

.00

2729

120 (4.4; 3.7e5.2)

696

51 (7.3; 5.6e9.5)

Recruited in
Primary care (midwife)
Secondary care (obstetrician)

1 [Reference]
1.61 (1.12e2.29)

.01

CAU, care-as-usual; CI, confidence interval; GDM, gestational diabetes mellitus; PE, preeclampsia; RBC, risk-based care; SGA, small-for-gestational-age; sPTB, spontaneous preterm birth.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.
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meaningful association showed in
multiparous women (aOR, 1.15; 95%
CI, 0.64e1.97).
Maternal health utility scores at
enrollment were high in both groups and
declined slightly during pregnancy
(Figure 2). A small but statistically signiﬁcant difference in maternal QALYs
was observed. However, the difference
was largely attributable to a lower health
utility at baseline in the RBC group and
effectively disappeared after adjustment
for baseline health utility (adjusted b ¼
-0.002; 95% CI, -0.008 to 0.004, P ¼
.54).30

health utility score at baseline, and they
relatively less often conceived naturally.

Perinatal and maternal health
outcomes
Table 2 displays the perinatal and
maternal health outcomes. No statistically signiﬁcant difference was observed
regarding the adverse perinatal composite outcome between the RBC and
CAU group (4.3% vs 5.2%, respectively).
Taking differences at baseline into account, the adjusted odds ratio (aOR) was
0.76 (95% CI, 0.51e1.11; Table 3).
Subgroup analysis regarding parity
(Table 4) revealed that for nulliparous
women in RBC the risk of adverse perinatal outcomes was strongly and statistically signiﬁcantly reduced (aOR, 0.56;
95% CI, 0.32e0.94), while no

Costs and cost-effectiveness
Table 5 provides an overview of mean
observed costs as well as the mean cost
differences between RBC and CAU.

Original Research

Mean costs per pregnant woman were
lower for RBC (mean difference,
eV2766; 95% BCa, eV3703; eV1794).
This difference was mainly driven by the
difference in costs generated by maternal
hospitalization and secondary care
(health care services provided by obstetricians). With the exception of costs
attributable to labor or alternative health
care services, costs of all components
were lower in RBC.
Results of bootstrapped data were
plotted in a cost-effectiveness plane
(Figure 3). Figure 4 shows the costeffectiveness
acceptability
curve.
Regarding the perinatal composite
outcome, the ICER indicates that RBC
dominates CAU, as costs are lower and
perinatal outcomes are better for RBC.
Regarding maternal QALYs, the ICER

TABLE 4

Subgroup analysis of perinatal composite score in nulliparous and multiparous women
Nulliparous women

Multiparous women

No. of
women

No. with perinatal
composite outcome
n (%; 95% CI)

Odds ratio
(95% CI)

No. of
women

No. with perinatal
composite outcome
n (%; 95% CI)

Odds ratio
(95% CI)

1736

105 (6.0; 5.0e7.3)

-

1689

66 (3.9; 3.1e4.9)

-

No (CAU)

1315

88 (6.7; 5.5e8.2)

1 [Reference]

1275

47 (3.7; 2.8e4.9)

1 [Reference]

Yes (RBC)

421

17 (4.0; 2.5e6.4)

0.59 (0.33e0.97)

414

19 (4.6; 3.0e7.1)

1.26 (0.71e2.13)

No (CAU)

1315

88 (6.7; 5.5e8.2)

1 [Reference]

1,275

47 (3.7; 2.8e4.9)

1 [Reference]

Yes (RBC)

421

17 (4.0; 2.5e6.4)

414

19 (4.6; 3.0e7.1)

All
Unadjusted analysis
Risk-based care

Adjusted analysis
Risk-based care
0.56 (0.32e0.94)

1.15 (0.64e1.97)

Baseline health utility

1.00 (0.98e1.01)

0.98 (0.97e1.00)

Estimated PE risk

1.00 (0.90e1.08)

1.00 (0.93e1.05)

Estimated GDM risk

1.01 (0.97e1.04)

1.00 (0.96e1.04)

Obstetric history
Prior sPTB <34 weeks or
SGA infancy

-

-

-

186

18 (9.7; 6.2e14.8)

2.79 (1.52e4.91)

No prior sPTB <34 weeks or
SGA infancy

-

-

-

1503

48 (3.2; 2.4e4.2)

1 [Reference]

1315

42 (3.2; 2.4e4.3)

1 [Reference]

374

24 (6.4; 4.3e9.4)

1.63 (0.92e2.80)

Recruited in
Primary care (midwife)
Secondary care (obstetrician)

1414

78 (5.5; 4.4e6.8)

1 [Reference]

322

27 (8.4; 5.8e11.9)

1.61 (0.99e2.57)

CAU, care-as-usual; CI, confidence interval; GDM, gestational diabetes mellitus; PE, preeclampsia; RBC, risk-based care; SGA, small-for-gestational-age; sPTB, spontaneous preterm birth.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.
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the ICERs indicate RBC was costeffective as compared to CAU.

TABLE 5

Costs per pregnant woman
Costs
b

Total [95% CI]

Total, without neonatal
admission [95% CI]b
Primary care

CAU;
mean  SD

RBC;
mean  SD

Mean differencea
(CAU e RBC)

11,478  10,994

8712  8811

-2766 [-3700 to -1825]

8969  8687

6562  7290

-2406 [-3233 to -1719]

835  481

813  459

-22

Midwifery

579  320

578  325

-1

Secondary care

1176  1507

658  919

-517

Gynecology

1070  1420

584  836

-486

Delivery

1273  462

1347  445

74

Hospitalization

2828  5447

1468  2980

-1360

Miscellaneous

746  435

562  333

-185

Diagnostics

659  310

517  292

-142

Medication

64  207

16  106

-48

Alternative health care

23  70

28  79

Maternity care

2135  1128

2008  629

-127

Neonatal care

2486  7214

1856  7344

-630

2054  7110

1662  7315

-392

Hospitalization

5

All costs are expressed in 2017 Euros.
Supplementary Table 3 (Appendix) provides a full overview of unit costs used for the economic evaluation.
CAU, care-as-usual; RBC, risk-based care; SD, standard deviation.
a

Costs of CAU cohort (n) minus costs of RBC cohort (n); b For the mean difference, confidence interval based on bias-corrected
and accelerated bootstrap interval.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

point estimate was V170,390. Furthermore, 95% of the bootstrapped QALY
ICERs are in the quadrant where RBC is
less costly but also slightly less effective.
The probability that RBC was costeffective compared to CAU ranged
from 97% to 100%, assuming an ICER
ceiling ratio from V10,000 to V80,000
per QALY, in accordance with the Dutch
Health Insurance Board.31
The subgroup analysis with respect
to parity (Supplementary Table 2)
showed a discrepancy between nulliparous and multiparous women
regarding the ICER of the perinatal
composite outcome. In nulliparous
women the ICER indicates that RBC
dominates CAU for nulliparous
women, as costs and perinatal outcomes are better for RBC. For multiparous women, the ICER was V203,402,
since most bootstrapped ICERs are in

the quadrant where RBC is less costly
but also slightly less effective (Figure 5
and Supplementary Table 2).

Discussion
Main findings
For the population as a whole, the risk of
an adverse perinatal outcome did not
decrease statistically signiﬁcantly in RBC
as compared to CAU. However, a statistically signiﬁcant reduction of perinatal
adverse outcomes was observed in
nulliparous women (reduction: 44%;
95% CI, 6e68%), whereas in multiparous women no clear difference was
observed. A small difference in QALYs
was observed between women receiving
RBC and women receiving CAU. This
difference in maternal QALYs was no
longer apparent when adjusting for
health utility at enrollment. Furthermore, RBC resulted in lower costs and
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Strengths and limitations
Strengths of this study were its large
sample size and its prospective, multicenter design. The use of multiple webbased surveys, a user-friendly method
of data collection, provided high data
quality by reducing potential recall biases and the numbers of missing
data.32e34 Furthermore, the diversity of
participating midwifery centers, as well
as hospitals, combined with the broad
inclusion criteria, results in a low probability of selection bias. Nevertheless, the
majority of enrolled women have a tertiary level of education and are of
Caucasian (native) origin, which may
have resulted in generally healthy
women with above-average health literacy skills.35
Next to our primary outcome (a
perinatal composite score) we used
maternal QALYs as a secondary
outcome. Ideally, the QALY calculation
would take both maternal and perinatal
outcomes into account. Yet, combining
QALYs is challenging and literature
describing how to achieve this is
limited.36,37 Furthermore, long-term
outcomes should preferably be taken
into account as well, but our study
design only allowed for follow-up up to 6
weeks after the due date.
To ensure women received RBC, inclusion of the RBC cohort was achieved
by our prediction tool. The prediction
tool was developed for usage in the
general population and was promoted as
such.7 All obstetric health care professionals of our region of interest
committed themselves to provide RBC.
Nevertheless, it could have been the case
that for the RBC cohort women in
particular were recruited by enthusiastic,
above-averagely adherent health care
professionals. On the other hand, the
widespread use of our prediction tool, as
well as the fact that most women receive
obstetric care from multiple professionals during their pregnancy, minimizes the possibility of this effect.
Additionally, inclusion criteria for both
cohorts were identical. Nevertheless,
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FIGURE 3

Cost-effectiveness density plane

Figure shows the incremental costs from a health care perspective (y-axis) and incremental effects (x-axis; maternal QALYs or prevented adverse
perinatal composite outcome, top and bottom, respectively). Each data point represents 1 bootstrapped estimate of incremental costs and effects.
QALY, quality-adjusted life-year.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

subtle differences are apparent at baseline between both cohorts. Per characteristic, differences were small, but
together they yielded a less favorable risk
proﬁle among women in RBC as
compared to CAU (eg, lower health
utility at baseline, a higher proportion
recruited in secondary care, and a more
often complicated obstetric history).
Although we adjusted for prognostic
important baseline characteristics, residual confounding remains possible.
Residual confounding may still result in
women having a more untoward risk
proﬁle in the RBC group compared to
the CAU group. However, this would
rather result in an underestimation than
an overestimation of the positive effects
correlated with RBC. Moreover, we
performed a sensitivity analysis
restricted to data of women enrolled by

obstetric centers that recruited women
for both cohorts. This did not yield
substantially different results, and
neither did the subgroup analysis to level
of care received by women at enrollment
(primary/secondary care). This reduces
the likelihood that our results are solely
attributable to a difference in involved
health
care
professionals
(Supplementary Table 2).
In essence, our study design, used to
assess the impact of RBC compared to
CAU, is a “before-after analysis.” Theoretically, despite both cohorts succeeding
each other in a relatively short time span
(w1.5 years), outcomes may have been
affected by external trends over time (eg,
reduction of neonatal deaths owing to
improved health care, or a reduction in
health care expenditures). However, the
analyses taking into account the study

period were not suggestive of a
decreasing trend regarding the adverse
perinatal composite outcome during the
CAU cohort (aOR, 1.02; 95% CI,
0.98e1.05). Neither did we ﬁnd an association between the study period and
the costs (adjusted b ¼ -2.0; 95% CI, -8.0
to 4.0, P ¼ .51). Moreover, nationwide
statistics of Dutch health expenditures
per capita suggest an increase rather than
a decrease over time.38 Therefore, we
conclude that the cost reduction and
improved perinatal outcomes in the RBC
group are unlikely to be solely attributable to trends over time.

Interpretation
This is one of the few studies implementing a prediction tool for obstetric
care in daily clinical practice.16 To our
knowledge, there are no other studies
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FIGURE 4

Cost-effectiveness acceptability curve

Figure illustrates the incremental costs gained from a health care perspective per incremental
maternal QALY or per incremental adverse perinatal composite outcome.
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

reporting an economic evaluation of
obstetric care based on risk assessments
provided by a prediction tool.
We found no differences in maternal
QALYs between women receiving RBC
and women receiving CAU after adjusting for health utility at enrollment.
Overall, the measured health utilities of
both groups were high and close to the
perfect health state of “1.” This could be
due to the fact that both cohorts represent a general, young population, with
low proportions of women suffering
from complications.
Our study indicates that RBC is associated with a considerable cost reduction
without a negative impact on maternal
QALYs, and with improved perinatal
outcomes in nulliparous women. In
observational studies like ours, interpretation of possible causal relationships
should be done with caution. Furthermore, in RBC usage of several preventive
measurements improved (eg, low-dose
aspirin usage, GDM screening).39 A
combination of these factors may have
contributed to the improved outcomes
in nulliparous women.

Although several authorities recommend low-dose aspirin for women with
an increased PE risk, the concept of
increased risk has been deﬁned in
different ways.40,41 Recommendation of
low-dose aspirin to all pregnant women
has been proposed as well, but this view
is being debated owing to a lack of understanding of the preventive mechanism and to a lack of proven beneﬁt for
women with low risk.42 Moreover,
despite the increased attention towards
the role of low-dose aspirin in the prevention of PE, the recommendation of
aspirin is still often overlooked by obstetricians.43,44 Regarding the oral
glucose tolerance test, on the other hand,
most authorities have stated that nearly
all women should receive an oral glucose
tolerance test during their pregnancy (ie,
universal screening). Nevertheless, many
Western countries, like the Netherlands,
still rely on selective screening
strategies.45
The advantage of using a prediction
tool to recommend additional preventive measures (eg, low-dose aspirin) is
that it provides individual risk estimates.
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Such an individual risk assessment may
provide a speciﬁc argument for women
to adhere to the recommendations
received. When these measures are universally recommended to all women,
high-risk women may remain unaware
of their absolute risk, which deprives
them of an extra argument compared to
average-risk women. As a result, even
though a universal approach may
enhance the average adherence rate, it
may result in reduced adherence rates
among
high-risk women when
compared to a selective approach by
using a prediction tool. Our previous
results indicate that women with higher
risk predictions are more likely to adhere
to the recommendations received.39
From a larger perspective, differences
between RBC and CAU can be summarized by a different strategy assessing
obstetric risks, combined with speciﬁc
recommendations in case of an increased
risk. Both the cost reduction and the
improved perinatal outcomes may be
attributable to the availability of clear
instructions and standardizing care.
Protocols, checklists, and triggers are
known to improve health outcomes and
efﬁciency.46e48 The prediction tool may
merely have worked as a triggering system regardless of whether the risk
assessment and usage of preventive
measurements actually improved. Such a
triggering system is independent of the
obstetric health care system and its recommendations in place. Therefore, we
expect a similar positive effect in other
countries with a different obstetric system than the Netherlands.
The cost reduction associated with
RBC was not the result of impact on 1
single cost driver. On the contrary, costs
were saved in nearly all components.
Furthermore, a substantial amount of
the cost reduction was mainly driven by
the maternal hospitalization and secondary care, without an increase of primary care costs. As a result, we conclude
that the usage of health care services
diminished, instead of merely being
redistributed between primary and secondary care. Therefore, it is likely that
the cost-saving effect may be applicable
to countries without a system of autonomous midwives as well. Nevertheless,

ajog.org

OBSTETRICS

Original Research

FIGURE 5

Cost-effectiveness density plane

Figure illustrates the incremental costs from a health care perspective (y-axis) and incremental effects (x-axis; prevented adverse perinatal composite
outcome) in A, nulliparous and B, multiparous subgroups. Each data point represents 1 bootstrapped estimate of incremental costs and effects.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.

because of the many substantive differences in health care systems in other
countries, particularly with regard to
payment models, the generalizability of
our results outside of the Netherlands
cannot be known with certainty.
We found a signiﬁcant reduction of
adverse perinatal outcomes in nulliparous women. Interestingly, we did not
ﬁnd a similar beneﬁcial effect in
multiparous women. We hypothesize
that the differences between RBC and
CAU primarily affect obstetric care of
nulliparous women owing to differences
in risk assessment. Prediction models
take into account the weighted risk of
multiple factors and possible interrelations between them, allowing for a
more personalized estimation of the

absolute risk. However, in multiparous
women, irrespective of the method to
assess risks, risk assessment is strongly
inﬂuenced by the obstetric history. In
case of a complicated obstetric history
(eg, prior PE, prior GDM, prior sPTB),
health care professionals and pregnant
women are probably already aware of
any increased risks and their corresponding
recommendations.
For
nulliparous women, the risk assessment
may be less straightforward, as less information is available. Therefore, the
improved risk assessment in RBC may be
more pronounced in nulliparous
women. This could have resulted that
nulliparous women who would not have
been identiﬁed with an increased risk
with CAU were identiﬁed as such with

RBC. As a result, these nulliparous
women may have received additional
recommendations and (preventive) interventions relatively more often in RBC.
Furthermore, both health care professionals’ and pregnant women’s
awareness towards clinical symptoms of
possible complications may be improved
for these nulliparous women. This
would particularly explain the reduction
of the perinatal adverse composite
outcome in nulliparous women.

Conclusion
RBC, as compared to CAU, resulted in a
signiﬁcant reduction of perinatal adverse
outcomes in nulliparous women, but not
in multiparous women. Apparently, in
nulliparous
women,
transparent
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personalized risk estimations followed
by tailored care may increase awareness
among all involved. Moreover, RBC was
cost-effective and resulted in lower costs,
without a negative impact on maternal
health outcomes, when adjusted for
baseline health utility.
n
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Overview of risk-based care, adapted from ref. 49

GDM, gestational diabetes mellitus; LGA, large-for-gestational-age; PE, preeclampsia; SGA, small-for-gestational-age; sPTB, spontaneous preterm birth.
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Algorithms of prediction models applied in risk-based care
Outcome

Original study

External
validation study

Model algorithm after recalibration

AUC (95% CI)

Preeclamspia
risk

Syngelaki
2011

Meertens 2018

Lp ¼ -5.773 þ 0.075 (BMI, kg/m ) þ 0.022 (age,
years) þ 1.125 (if Afro-Caribbean) þ 0.804 (if South
Asian) þ 0.526 (if East Asian) þ 0.379 (if Mixed) þ
0.289 (if ovulation drugs) þ 0.598 (if IVF) - 0.233 (if
smoker) þ 1.519 (if history of chronic hypertension) þ
0.643 (if type 1 diabetes mellitus)  0.332 (if type 2
diabetes mellitus)  1.329 (if parous, no history of
preeclampsia) þ 0.743 (if parous, history of
preeclampsia) þ 0.580 (if woman’s mother had
preeclampsia).

0.77 (0.72e0.81)50

Gestational
diabetes mellitus
risk

Van Leeuwen
2010

Meertens
2018 (in press)

Lp ¼ -6.28 þ 0.83 (if non-Caucasian ethnicity) þ 0.57
(if positive family history of GDM) e 0.67 (if multipara
without history of GDM) þ 0.5 (if multipara with history
of GDM) þ 0.13 (BMI, kg/m2)

0.74 (0.70e0.79)

2

AUC, area under the curve; BMI, body mass index; CI, confidence interval; GDM ¼ gestational diabetes mellitus; IVF, in vitro fertilization; Lp, linear predictor.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.
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Sensitivity analyses regarding perinatal health effects and cost-effectiveness of care-as-usual vs risk-based care
ICER perinatal
composite outcome V

ICER maternal
QALYs V

0.008 (-0.011; 0.028)

-0.018 (-0.029; -0.008)

Dominant

170,390

-3386 (-4814; -2182)

0.033 (0.005; 0.063)

-0.019 (-0.034; -0.005)

Dominant

223,024

-2128 (-3287; -533)

-0.017 (-0.033; -0.002)

-0.017 (-0.044; 0.007)

203,402

133,384

Dominant

Equal to base
case analysis

Mean cost
difference (95% BCab)

All women

0.82 (0.55e1.18)

-2766 (-3700; -1825)

Nulliparous women

0.59 (0.33e0.97)

Multiparous women

1.26 (0.71e2.13)

Mean differential effects
perinatal composite
outcome (95% BCab)

Base case analysis

OBSTETRICS

Mean differential
maternal QALYs
(95% BCab)

Adverse perinatal composite
outcome odds ratio (95% CI)a
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Adapted composite outcome (Hoftiezer birthweight curves with SGA <3rd percentile
All women

0.73 (0.50; 1.04)

Nulliparous women

0.59 (0.36; 0.93)

Multiparous women

1.06 (0.57; 1.85)

Equal to base
case analysis

0,011 (-0.010; 0.032)

Equal to base case analysis

0.034 (0.001; 0.067)

Dominant

-0.012 (-0.038; 0.011)

99,737

Women enrolled by obstetric centers that recruited women for both cohorts
All women

0.70 (0.46; 1.03)

-2787 (-4875; -2172)

Nulliparous women

0.55 (0.31; 0.91)

-3153 (-4454; -1,926)

Multiparous women

1.07 (0.57; 1.93)

-2410 (-3914; -588)

0.011 (-0.011; 0.034)

-0.020 (-0.032; -0.008)

Dominant

157,177

0.036 (0.004; 0.071)

-0.026 (-0.042; -0.009)

Dominant

156,720

-0.015 (-0.033; 0.003)

232,052

192,374

-0.013 (-0.0425; 0.0173)

Women recruited from primary care
All women

0.84 (0.54; 1.27)

-2432 (-3760; -1699)

0.008 (-0.013; 0.028)

-0.023 (-0.035; -0.012)

Dominant

113,565

-4727 (-7311; -2648)

0.015 (-0.032; 0.064)

0.005 (-0.020; 0.030)

Dominant

Dominant

Women recruited from secondary care
All women

0.64 (0.31; 1.22)

BCa, bias-corrected and accelerated; CI, confidence interval; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; SGA, small-for-gestational-age.
a
Odds ratios based on full cohorts; cost-effectiveness results based on cost-effectiveness sub-cohorts; b Confidence interval based on BCa bootstrap interval.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.
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Unit costs of health care resources
Costs per unit (2017 V)

Item

Source

Primary care
Consultation (regular)

33.67

Dutch costing guideline19

Consultation (out of hours)

79.02

Dutch Health Authority Tariff20

Home visit (regular)

51.01

Dutch costing guideline19

Home visit (out of hours)

118.52

Dutch Health Authority Tariff20

Phone call (regular)

17.34

Dutch costing guideline19

Phone call (out of hours)

25.34

Dutch costing guideline19

92.85

Dutch costing guideline19

264.25

Dutch costing guideline19

17.34

Dutch costing guideline19

Intake

65.78

Dutch costing guideline19

Maternity care (hour)

47.60

Dutch Health Authority Tariff20

Ultrasound (fetal dating)

44.37

Dutch Health Authority Tariff20

Counseling of screening for fetal abnormalities

44.22

Dutch Health Authority Tariff20

167.17

Dutch Health Authority Tariff20

36.99

Dutch Health Authority Tariff20

25.87

Van Leeuwen51

41.56

Dutch costing guideline,
Dutch Health Authority Tariff19,20

83.12

Dutch costing guideline,
Dutch Health Authority Tariff19,20

Secondary care
Consultation (regular)
Consultation (out of hours)
Phone call
Maternity care

Diagnostics

Ultrasound (fetal abnormalities screen)
Ultrasound (fetal biometry)
Oral glucose tolerance test
Laboratory testing, high-risk cases of preeclampsia
Laboratory testing, preeclampsia diagnosedb

a,b

Hospitalization
Maternal
General ward (day)

485.65

Dutch costing guideline19

Intensive care (day)

2055.87

Dutch costing guideline19

639.72

Dutch costing guideline19

Neonatal
General ward (day)
Neonatal intensive care unit (day)

1664.30

Apostel I21

Delivery
536.76

Dutch Health Authority Tariff20

Birthing center (vaginal, spontaneous)

1093.57

Dutch Health Authority Tariff20

Hospital (vaginal, spontaneous)

1212.14

Dutch Health Authority Tariff20

Hospital (vaginal, instrumental)

1431.85

Apostel I21

Hospital (cesarean delivery)

2137.69

Apostel I21

Home (vaginal, spontaneous)

Medication

c

van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.
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Unit costs of health care resources (continued)
Item

Costs per unit (2017 V)

Source

Tocolysis (treatment)b

55.33

Dutch Pharmacotherapeutic Register22

Corticosteroids (treatment)

25.73

Dutch Pharmacotherapeutic Register22

Magnesium sulfate (treatment)

16.01

Dutch Pharmacotherapeutic Register22

For baseline values for women receiving risk-based care with an estimated preeclampsia risk 5.1%; b The mean of several methods is presented; c Costs of miscellaneous medication (eg,
antibiotics, antimycotics, antihypertensive drugs, antidepressants, antiemetics) are not shown.
van Montfort et al. Perinatal health and cost-effectiveness of risk-based care. Am J Obstet Gynecol 2020.
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