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1 | INTRODUCTION

Low-risk pregnant women who are cared for by midwives
have birth outcomes similar to those of women cared for by
physicians, including obstetricians, although experiencing

Abstract

Objective: Low-risk pregnant women cared for by midwives have similar birth
outcomes to women cared for by physicians, although experiencing fewer medical
procedures. However, limited research has assessed cost implications in the United
States. Using national data, we assessed costs and resource use of midwife-led care
vs obstetrician-led care for low-risk pregnancies using a decision-analytic approach.
Methods: We developed a decision-analytic model of costs (health plan payments to
clinicians) and use of medical procedures during childbirth (epidural analgesia, labor
induction, cesarean birth, episiotomy) and outcomes of care (birth at preterm gesta-
tion) that may differ with midwife-led vs obstetrician-led care. Model parameters for
obstetric procedures were generated using Listening to Mothers III data, a national
survey of women who gave birth in US hospitals in 2011-2012 and other published
estimates. Cost estimates came from published or publicly available information on
health insurance claims payments.

Results: The costs of childbirth for low-risk women with midwife-led care were,
on average, $2262 less than births to low-risk women cared for by obstetricians.
These cost differences derive from lower rates of preterm birth and episiotomy
among women with midwife-led care, compared with obstetrician-led care. Across
the population of US women with low-risk births each year (approximately 2.6 mil-
lion), the model predicted substantially fewer preterm births (167 259 vs 219 427 for
midwife-led vs obstetrician-led care) and fewer episiotomies (170 504 vs 415 686,
for midwife-led vs obstetrician-led care).

Conclusions: A shift from obstetrician-led care to midwife-led care for low-risk

pregnancies could be cost saving.
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fewer unnecessary procedures.1 The proportion of midwife-
attended births in the United States has increased since the
1980s,” but in 2016, midwives attended only 9% of the nearly
4 million US births.® The proportion of midwife-attended
births varies across states,‘"6 but is much lower in the United
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States than in the other developed nations such as Australia
and the UK, where midwives attend more than 70% of births.’
The potential for expanding midwifery care to improve ac-
cess to and outcomes of maternity care is well-documented
internationally,8 but less researched in the US context.

The imperative for maternity care quality improvement
is urgent in the United States. After improvements in peri-
natal health and health care in the early 20th century, ma-
ternal morbidity and mortality rates have risen over the last
several decades.”'” The use of obstetric procedures also in-
creased over this time period. According to birth certificate
data, rates of labor induction more than doubled from 1990 to
2016, from 9.5% to 24.5% ,3'“ a substantial fraction of which
occur without a medical indication.'” The cesarean rate in-
creased from 5.5% in 1970 to a peak of 32.9% in 2009,'*!*
although it has leveled off and slowly decreased in the last few
yc:ars.S’15 Provisional data from 2018 report a cesarean rate of
31.9%."° Experts agree that this cesarean rate likely represents
overuse of the procedure, and that maternal and infant health
would be improved if fewer cesarean deliveries occurred.'”'®
Substantial hospital-level variation in cesarean birth rates,
even among low-risk women, suggests that overuse of cesar-
ean is partly driven by the differences in practice patterns.19

In addition to effects on patient safety and quality of care,
overuse of medical procedures during childbirth influences
costs of care. As such, midwifery-led care also holds promise
as a high-value investment of health care resources, overall
and in state Medicaid programs, which finance over 40%
of US births."**?! Although many studies show the posi-
tive outcomes of midwifery-led maternity care,""* limited
prior studies have documented the potential cost savings of
changes to the financing and organization of maternity care
services to increase access to midwifery care in the United
States.”>?® Studies in other countries including the UK,
Australia, and Canada have examined expenditures and cost-
effectiveness of midwifery care, but these studies vary in
terms of the midwifery care model being analyzed and the
comparison group.27'3 3 In addition, the health care financing
and maternity care context in the United States is distinct, so
the existing evidence is not easily applicable to health plan
and policy discussions in the United States. Our objective
was to compare the costs and outcomes of care for low-risk
pregnancies with midwife-led care vs obstetrician-led care
by using statistical models, built with existing published esti-
mates and survey data.

2 | METHODS

This study used decision analysis, a quantitative approach that
uses statistical modeling to provide a framework for decision
making under uncertainty. Decision analysis has been widely
applied in medicine and health policy to analyze complex

problems (such as the ideal frequency of cervical cancer
screening) by explicitly stating assumptions, and quantify-
ing and evaluating trade-offs using a statistical model 3%
Decision analysis is widely used in cost-effectiveness analy-
ses to synthesize information from different sources to quan-
tify the costs and health outcomes of associated different
alternatives.*® This analysis employs decision trees, math-
ematically based representations that compare the expected
outcomes of all the different competing strategies considered.

2.1 | Data and study population

Data for the decision tree parameters in this analysis were
obtained from the Listening to Mothers III (LTM 3) survey,
anationally representative sample of women who gave birth
to a singleton infant in a US hospital between July 1, 2011
and June 30, 2012 (N = 2400). The LTM 3 data include
information on midwifery-led prenatal care, obstetric pro-
cedure use, and preterm birth. We supplemented the LTM
3 data with information from a Cochrane Collaboration re-
view of evidence on the outcomes of midwifery care, using
estimates from the meta-analysis to create parameter esti-
mates and to measure uncertainty around these estimates.’
There are limited other data sources available that include
sufficient information on care during pregnancy and child-
birth (such as midwife-led care vs physician-led care) and
services use and costs. For example, many data sources
with detail on care during childbirth, such as birth certifi-
cates and hospital discharge data, do not include cost infor-
mation or include cost estimates derived from charge data.

In this analysis, “costs” reflect the amount paid by a health
insurance plan (public or private) for clinician fees and facility
fees associated with childbirth and—for preterm birth—over
the first year of life for the infant. Although comprehensive
information on payment for childbirth-related expenses is not
readily available, we compiled data from three publicly avail-
able and published sources on health plan expenditures:(a) a
2013 Truven Health Analytics report on the costs of childbirth,
which used health insurance claims data on childbirth-related
payments made to clinics, hospitals, and physicians by both
Medicaid and private health plans for childbirth care generally
and including some procedures”; (b) the Medicare Physician
Fee Schedule, which a is complete listing of fees used by
Medicare to pay clinicians on a fee-for-service basis™; (c) a
March of Dimes report, which provides estimates on the costs
of preterm birth over the first year of an infant's life based on
an employer's health plan costs.” Cost parameters are shown
in Table 1. The same cost values were used for both midwife-
provided services and physician-provided services.

This analysis examined outcomes among low-risk
women who could safely be cared for by a midwife, but
who received prenatal care from either a midwife or an ob-
stetrician. We created a sample of low-risk women from
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TABLE 1 Model parameters
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Parameter” Value Distribution Source

Number of low-risk births in United States in 2016 2588178 - 1

Proportion of births with Medicaid coverage in the United States 0.45 - 2

RR of preterm birth with midwife-led care support vs obstetrician-led care support ~ 0.76 [0.64, 0.911° Log-normal 3
Cost®

Procedures Medicaid Commercial Source

Preterm birth 26 870 53741 - 4

Term birth 2371 4741 - 4

Vaginal birth 10 445 20 966 - 5

Cesarean 15 546 31 876 - 5

Epidural 189 1132 - 5

Labor induction 51 96 - 6

Episiotomy 169 319 - 6

1. Martin et al®

2. Martin et al®*

3. Sandall et al'

4. Truven Health Analytics39

5. Truven Health Analytics®’

6. Medicare Physician Fee Schedule Database (MPFS)*

“For data sources other than the Listening to Mothers III survey.
®Mean and 95% CI.

“Costs are shown in 2018 USD.

the LTM 3 data by excluding those with (a) gestational
diabetes, (b) diabetes before pregnancy, (c) hypertension/
high blood pressure medication use before pregnancy, (d)
BMI > 35, or (e) fertility treatment. In the LTM 3 data,
68.9% of women met this definition of low risk. Applying
this percentage to national birth data,® we estimate that
there are approximately 2.6 million low-risk hospital births
per year in the United States.

Midwife-led care was compared with obstetrician-led
care among low-risk pregnancies. Midwife-led and obstetri-
cian-led care was classified based on self-report of the type
of clinician that led prenatal care, based on responses to an
LTM 3 survey question. Women who reported other types
of care practioners were excluded. Not all pregnancies that
were categorized as “midwife-led care” had midwife-at-
tended births, as complications that arose during labor may
have necessitated an obstetrician as a birth attendant (eg, for
a cesarean birth).

Among LTM 3 respondents with either an obstetrician or
midwife providing care, 8.9% of low-risk pregnancies had
midwife-led care and 91.1% had obstetrician-led care.

2.2 | Obstetric procedures and outcomes

Procedures used during childbirth included epidural anal-
gesia, labor induction, cesarean birth, and episiotomy, and

were measured based on women's self-report in LTM 3
data. These procedures are included because they carry an
explicit cost associated with their use. Epidural, cesarean
birth and episiotomy were coded based on responses to a
single question for each procedure. Women were coded as
having had a labor induction if they reported that a health
care practioner had used a medical method to try to cause
their labor to begin. We classified inductions as having oc-
curred for a definitive medical reason or not for a defini-
tive medical reason based on women's reported reasons for
the induction, consistent with previously published studies
(see Appendix S1 for full categorizaxtion).40’41 Gestational
lengths less than 37 completed weeks were categorized as
preterm.

2.3 | Decision-analytic model

To estimate costs of midwife-led care compared with ob-
stetrician-led care, we developed a decision-analytic model
of the potential changes in health care costs and changes in
the use of obstetric procedures associated with midwife-
led vs obstetrician-led care. We constructed a decision
tree comparing two different strategies of care for low-risk
pregnancies: (a) obstetrician-led care and (b) midwife-led
care. The endpoints were obstetric procedures during child-
birth (epidural analgesia, labor induction, cesarean birth,
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and episiotomy) with their corresponding costs (clinician
and facility fees paid by public and private health plans).

For each strategy of care for low-risk pregnancies, we di-
vided births based on preterm gestation. Data from LTM 3
were not used for this parameter owing to the limited sam-
ple size of respondents with midwife-led care and preterm
births, but were used to estimate all other study outcomes.
Based on a recent meta—analysis,1 we estimated that the risk
of preterm birth with midwife-led care was lower compared
with obstetrician-led care support (Table 1; relative risk [RR]
0.76 [95% confidence interval (CI) 0.64-0.91]). A graphical
representation of the first level of the decision tree for the
two models of care is shown in Figure 1. A proportion of
all births occur by means of planned cesarean. For all other
births, labor could be either induced or spontaneous. Labor
induction may occur because of medical necessity or without
a definitive medical reason. Among women with inductions
and those without, women could receive regional anesthe-
sia (either epidural or spinal) or not. Birth mode after labor
could include unplanned cesarean or vaginal birth, with vag-
inal births occurring either spontaneously or with assistance
(vacuum or forceps). For both types of vaginal births, there
is a chance for an episiotomy at the time of birth. A graphical
representation of the decision tree of possible events during
childbirth at preterm gestations is shown in Figure 2. The
identical possibilities are also modeled for childbirth at ges-
tations >37 weeks, but these are separated in the decision
model, owing to cost differences based on gestational age.
The potential events in Figure 2 are the same for both obste-
trician-led and midwife-led care and term births; however,
the differences in the outcomes between models is accounted
by the probability of the occurrences of the different events
in the decision tree using either adjusted odds ratios (AOR)
or relative risk reductions (RRR), as shown in Table 2. Odds
ratios (AOR) associated with midwife-led care vs obstetri-
cian-led care were transformed to changes in probability. All
parameters from the OB branch of the model are available in
Appendix S2. The midwife branch parameters were derived
by applying the AORs, RRs, and RRRs reported in Tables 1
and 2.

Preterm birth O

Midwife-led care ¢

Term birth o
Models of care

Preterm birth O

Obstetrician-led care
Term birth O

FIGURE 1
obstetrician-led care

First level of decision tree for midwife-led and

24 |

To incorporate the difference in the probability of the oc-
currences of the different events between midwife-led and
obstetrician-led models of care, we modeled such events
using logistic regression, with midwife-led care as the main
predictor and controlling for race/ethnicity and marital status
(Table 2). We selected these covariates because these factors
were found to be independently associated with the use of
midwifery care in a previous analysis using LTM 3 data.*?

Statistical analysis

2.5 |

To test the sensitivity of the model's results to specific param-
eters’ uncertainty, we conducted a probabilistic sensitivity
analysis, mathematically simulating the full range of poten-
tial results 10 000 different times by varying all parameters
simultaneously. The parameters and probability distributions
are shown in Table 2.

We constructed the decision tree using OpenTree43 and
conducted all decision analyses in R*

Sensitivity analyses

3 | RESULTS

Decision-analytic models were based on measured associa-
tions between midwife-led care and obstetric procedure use
in LTM 3 data, shown in Table 2. Midwife-led care was as-
sociated with 60% lower odds of episiotomy (adjusted odds
ratio [AOR] 0.40 (95% confidence interval [CI] 0.18-0.88)],
compared with obstetrician-led care, after controlling for ma-
ternal race/ethnicity and marital status. The adjusted odds of
planned cesarean birth and epidural associated with midwife-
led care were lower than obstetrician-led care, but differences
were not statistically significant.

The 10 000 simulated scenarios comparing midwife-led
care to obstetrician-led care indicated lower costs for mid-
wife-led care. The average difference in costs for births to
low-risk women with midwife-led care was $2421 less than
the cost of births to low-risk women cared for by obstetri-
cians (Table 3). These cost differences derive mostly from
lower measured rates of preterm birth and episiotomy among
women with midwife-led care, compared with obstetrician-
led care. The majority of these cost savings (92%) are attrib-
utable to lower rates of preterm births under midwife-led care
compared with obstetrician-led care.

Across the population of US women with low-risk births
each year (approximately 2.6 million), the model predicted
substantially fewer preterm births under midwife-led care
(167 259) compared with obstetrician-led care (219 427),
as shown in Table 3. Based on this model, if all low-risk
women had midwife-led rather than obstetrician-led care,
this would avert, on average, 51 550 (95% prediction interval
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TABLE 2 Study population and model parameters using estimates from LTM survey, United States, 2012
Parameter Mean [95% CI] Distribution
Proportion of births under midwife-led care 0.09 [0.08-0.11] Beta
AOR of planned cesarean with midwife-led care vs obstetrician-led care 0.49 [0.20-1.21] Log-normal
RRR of induction with definitive medical reason (vs no induction) with midwife-led care vs 1.87 [0.91-3.87] Log-normal
obstetrician-led care
RRR of induction without definitive medical reason (vs no induction) with midwife-led care vs 0.71 [0.38-1.35] Log-normal
obstetrician-led care
AOR of epidural with midwife-led care vs obstetrician-led care 0.68 [0.40-1.14] Log-normal
AOR of episiotomy with midwife-led care vs obstetrician-led care 0.40 [0.18-0.88] Log-normal
RRR of spontaneous vaginal birth (vs cesarean) with midwife-led care vs obstetrician-led care 1.5410.82-2.91] Log-normal
RRR of assisted vaginal birth (vs cesarean) with midwife-led care vs obstetrician-led care 0.38 [0.05-3.00] Log-normal

[PI] 17 566-81 217) preterm births each year. The model also
predicted fewer planned cesareans (257 014 vs 436 975, for
midwife-led vs obstetrician-led care), epidurals (1 607 355
vs 1 838 755, for midwife-led vs obstetrician-led care), and
episiotomies (195 795 vs 415 665, for midwife-led vs obste-
trician-led care).

To estimate potential cost savings across these scenarios,
we compared potential changes in expenditures for childbirth
based on an increase in the proportion of low-risk pregnancies
cared for by midwives at a national level. A ten-percentage-
point increase in the proportion of low-risk pregnancies with
midwife-led care (ie, from 8.9% to 18.9%) would generate
$627 million in cost savings in the United States, annually, by
means of lower rates of preterm birth and episiotomy (Table
3). An increase to 40% of pregnancies with midwife-led care
would generate $1949 million in cost savings annually.

4 | DISCUSSION

This study used a decision-analytic modeling approach to
compare costs of childbirth care and the use of medical pro-
cedures for low-risk pregnancies with midwife-led care to
those with obstetrician-led care. We combined costs, proce-
dure use, and outcomes that may differ with midwife-led vs
obstetrician-led care under the same analytical framework to
understand the potential population-level effects of shifting
a greater proportion of low-risk pregnancies to midwife-led
care. Owing to data limitations, the results of this analysis
likely represent a lower-bound or conservative estimate of
the potential cost differences between midwife-led and ob-
stetrician-led prenatal care; yet, it provides the best, current,
nationwide estimates of this difference to help inform policy
discussions on improving US maternity care.

In the decision-analytic model constructed for this study,
we found that—across a population of low-risk women—
lower odds of preterm birth and episiotomy among women
with midwife-led care could result in an average cost savings

of approximately $2000 per birth when shifted from obste-
trician-led to midwife-led care. When aggregated up to a
societal level, if the number of women receiving midwife-
led prenatal care increased from 8.9% to 18.9%, this would
generate $618 million in cost savings nationally each year.
Indeed, a national shift in the workforce and care model for
low-risk pregnancy could potentially improve value in mater-
nity care for both public and private payers. State Medicaid
programs play a crucial role as a funder for maternity ser-
vices.**¢ Greater use of midwifery care may help extend
each Medicaid dollar to ensure continued access to care in
a time of heightened fiscal limitations. Increases in the pro-
portion of low-risk pregnancies cared for by midwives would
also move United States toward greater alignment with many
European countries.’

Greater use of midwife-led care for low-risk pregnancies
in the United States would better align the maternity care
workforce with the risk level of pregnant patients (most preg-
nancies are low risk),'® and could also alleviate projected
shortages of OB/GYNs.*” This analysis showed that a shift
from obstetrician-led care to midwife-led care for low-risk
pregnancies could be cost saving, both for employers who
finance private health plans and taxpayers who finance
Medicaid programs. For example, among Medicaid benefi-
ciaries, a small increase in the proportion of midwife-led care
(ie, from 8.9% to 10%) would yield annual cost savings of
$19 million, and an increase from 8.9% to 40% would yield
annual cost savings of $539 million. Among privately insured
pregnancies, a shift from 8.9% to 10% in the proportion cared
for by midwives would yield cost savings of $48 million, and
a shift from 8.9% to 40% would yield cost savings of $1.35
billion.

The clinical practice of midwifery has long emphasized
physiologic and low intervention birth.*® This analysis indi-
cates that the benefits of this model of care include lower
cost and fewer obstetric procedures. Facilitating such a shift
for low-risk pregnancies could include a role for health plans,
who could encourage midwifery care through policies such
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TABLE 3 Mean and 95% prediction interval (PI) in parentheses
of the national cost per birth and number of medical procedures during

childbirth for obstetrician-led and midwife-led care for low-risk

pregnancies

Cost per birth ($)*

Preterm births

Obstetrician-led care

29 659
(28 457-30 936)

Midwife-led care

27 238
(25 426-29 108)

Medical procedures during childbirth at a

national level

219 434
(181 672-259 473)

167 885
(129 409-214 502)

Planned 436 975 257014
cesarean (386 199-493 331) (103 204-529 369)
Epidural 1838755 1607 355
(1767262-1913231) (1287 747-1899 061)
Episiotomy 415 665 195 795

(354 446-480 324)

(82 553-381967)

Cost savings (Million $)
626.5
(237.7-1073.5)

Ten-percentage-point increase in the
proportion of births cared by mid-
wives (8.9%-18.9%)

Increase from 8.9% to 40.0% in
the proportion of births cared by
midwives

1948.5
(739.1-3338.6)

Costs in 2018 USD.

as “stepped” pregnancy care, initiating all low-risk pregnan-
cies in midwifery care as a default, with referral for those
with complications that require more specialized care.*>°
Expansion of midwifery care could also have positive effects
on overall hospital maternity unit performance beyond pa-
tients who are cared for by midwives, as studies have found
that women who give birth in hospitals where midwives
work are less likely to experience some types of obstetric
procedures.5 1-53

The cost estimates generated by this study are similar to
recent findings from the Center for Medicare and Medicaid
Innovation's Strong Start for Mother and Newborns
Initiative evaluation, which documented cost savings of
$2010 per birth for Medicaid beneficiaries receiving mid-
wife-led, birth center-based maternity care, compared with
Medicaid beneficiaries receiving typical care.* However,
Strong Start only focused on Medicaid beneficiaries and
studied the cost outcomes of midwifery-led care in the
birth center setting, which is distinct from hospital-based
care. Currently, over 98% of the US births take place in
hospitals.zo Increasing the availability of midwifery care
in community settings in the United States (ie, birth center
and home birth) could be considered alongside increases in
access to hospital-based midwifery care. Future research

B Wi EY-

modeling cost savings associated with moving some
births from the hospital to community settings would be
informative.

State regulatory and policy contexts also affect the
practice of midwifery and access to midwifery care during
pregnancy. Certified nurse-midwife scope of practice dif-
fers depending on state, and generally states that more au-
tonomous midwifery scope of practice would result in more
midwife-attended births.>*>*° There is also variation in how
midwifery practice is integrated into hospitals, which may
impact the extent to which hospital-based midwives are de-
livering lower intervention care.® State policy that supports
midwives practicing at their full clinical capacity, without
physician oversight or supervision, may support greater ac-
cess to midwifery care.*%

State and federal policy efforts have catalyzed innova-
tion in payment models for maternity care alongside on-
going efforts in other clinical areas.’®’ For example, the
recent Blueprint for Advancing High-Value Maternity Care
Through Physiologic Childbearing has an entire section de-
voted to payment reform and innovation in maternity care,
highlighting the promise of bundled payments, shared sav-
ings, and episode-based care.”® As a clearly defined and
time-limited health condition, pregnancy and childbirth care
may be particularly well-suited for bundled payment models,
which associate a global fee with provision of a set of ser-
vices.”? Given this study's findings about the potential cost
savings associated with a shift toward midwife-led care, the
inclusion of midwives as key members of clinical care teams
in settings using bundled payments may improve the pros-
pects for this type of payment innovation, which has already
shown promise in health systems such as Geisinger.60

4.1 |

This study provides a rigorous cost comparison analysis
of hospital-based midwife-led vs obstetrician-led care for
low-risk pregnancies in the United States using parameters
derived from a national sample. However, the data and the
methods carry important limitations. There are no clinical
records or diagnoses included in the LTM 3 data, and our
ability to identify low-risk pregnancies was limited by avail-
able data. Information on use of procedures in LTM data is
self-reported, but these data have been widely used in mater-
nity care research and self-reporting of obstetric procedures
such as cesarean birth is very accurate.’' In the LTM 3 sur-
vey, there was a relatively small sample size for midwife-at-
tended births (N = 126), and we were not able to stratify by
parity or other potentially relevant factors. The use of the
Cochrane review' as the data source for the impact of mid-
wife-led care on preterm birth is also a limitation, given the
lack of US studies in the analysis. Findings from the Strong
Start assessment of birth center-based midwifery care offer

Limitations
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some reassurance, given that Medicaid beneficiaries receiv-
ing this model of care were less likely to give birth preterm
than were those receiving typical obstetric care.>* Although
primary collection of cost data would be optimal, we did not
have access to a primary source of cost data. Cost data also
reflect the current reimbursement structure—which pays
substantially more for cesarean (vs vaginal) birth but does
not always have a similar pay differential for other obstetric
procedures (such as forceps/vacuum or induction). As such,
the estimated cost savings associated with midwife-led vs
obstetrician-led care are likely an underestimate. In addi-
tion, we used the Medicare fee schedule as a source of costs
for some of the procedures, but Medicare covers few births.
However, this was the best available data source in this
context. Decision-analytic modeling is based on the statis-
tical assessments of associational, not causal relationships
between midwife-led care and the outcomes. This analysis
focuses on the prenatal care practioner, rather than the intra-
partum care practioner, and cannot identify comanagement
by both a midwife and an obstetrician. Finally, there may
be unmeasured differences between women who had mid-
wifery-led care and those who did not.

4.2 | Conclusions

This analysis shows that a shift from obstetrician-led care to
midwife-led care for low-risk pregnancies could be cost sav-
ing and potentially support broad efforts to improve quality
and value in the US maternity care.
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