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IMPORTANCE Safe reduction of the cesarean delivery rate is a national priority.

OBJECTIVE To evaluate the rates of cesarean delivery for nulliparous, term, singleton, vertex
(NTSV) births in California in the context of a statewide multifaceted intervention designed to
reduce the rates of cesarean delivery.

DESIGN, SETTING, AND PARTICIPANTS Observational study of cesarean delivery rates from
2014 to 2019 among 7 574 889 NTSV births in the US and at 238 nonmilitary hospitals
providing maternity services in California. From 2016 to 2019, California Maternal Quality
Care Collaborative partnered with Smart Care California to implement multiple approaches to
decrease the rates of cesarean delivery. Hospitals with rates of cesarean delivery greater than
23.9% for NTSV births were invited to join 1 of 3 cohorts for an 18-month quality
improvement collaborative between July 2016 and June 2019.

EXPOSURES Within the collaborative, multidisciplinary teams implemented multiple
strategies supported by mentorship, shared learning, and rapid-cycle data feedback.
Partnerships among nonprofit organizations, state governmental agencies, purchasers, and
health plans addressed the external environment through transparency, award programs,
and incentives.

MAIN OUTCOMES AND MEASURES The primary outcome was the change in cesarean delivery
rates for NTSV births in California and a difference-in-differences analysis was performed to
compare cesarean delivery rates for NTSV births in California vs the rates in the rest of the US.
A mixed multivariable logistic regression model that adjusted for patient-level and
hospital-level confounders also was used to assess the collaborative and the external
statewide actions. The cesarean delivery rates for NTSV births at hospitals participating in the
collaborative were compared with the rates from the nonparticipating hospitals and the rates
in the participating hospitals prior to participation in the collaborative.

RESULTS A total of 7 574 889 NTSV births occurred in the US from 2014 to 2019, of which
914 283 were at 238 hospitals in California. All California hospitals were exposed to the
statewide actions to reduce the rates of cesarean delivery, including the 149 hospitals that
had baseline rates of cesarean delivery greater than 23.9% for NTSV births, of which 91 (61%)
participated in the quality improvement collaborative. The rate of cesarean delivery for NTSV
births in California decreased from 26.0% (95% CI, 25.8%-26.2%) in 2014 to 22.8% (95% CI,
22.6%-23.1%) in 2019 (relative risk, 0.88; 95% CI, 0.87-0.89). The rate of cesarean delivery
for NTSV births in the US (excluding California births) was 26.0% in both 2014 and 2019
(relative risk, 1.00; 95% CI, 0.996-1.005). The difference-in-differences analysis revealed that
the reduction in the rate of cesarean delivery for NTSV births in California was 3.2% (95% CI,
1.7%-3.5%) higher than in the US (excluding California). Compared with the hospitals and the
periods not exposed to the collaborative activities, and after adjusting for patient
characteristics and time using a modified stepped-wedge analysis, exposure to collaborative
activities was associated with a lower odds of cesarean delivery for NTSV births (24.4% vs
24.6%; adjusted odds ratio, 0.87 [95% CI, 0.85-0.89]).

CONCLUSIONS AND RELEVANCE In this observational study of NTSV births in California from
2014 to 2019, the rates of cesarean delivery decreased over time in the setting of the
implementation of a coordinated hospital-level collaborative and statewide initiatives
designed to support vaginal birth.
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H igh rates of cesarean delivery are a concern world-
wide.1-4 The US Centers for Disease Control and Pre-
vention set a target rate for cesarean delivery of

23.9% for low-risk first birth (also known as nulliparous,
term, singleton, vertex [NTSV] birth) as part of their Healthy
People 2020 goals; however, the cesarean delivery rate in
the US was 25.9% in 2018, which was still above the target
rate.5,6 There is marked variation in the overall rates of
cesarean delivery (between 7%-70%) at US hospitals and
in persistent racial disparities that suggest hospital pol-
icies, hospital unit culture, and individual clinician atti-
tudes rather than patient factors alone drive the rates of
cesarean delivery.7-11

California Maternal Quality Care Collaborative (CMQCC)
is a statewide perinatal quality collaborative dedicated to
improving maternity care; previous successful interventions
have focused on reducing morbidity associated with hemor-
rhage and hypertension.12-14 In 2016, partnering with the
California Health Care Foundation, CMQCC launched a mul-
tifaceted, multilevel initiative to reduce the cesarean deliv-
ery rate for NTSV births in California. Guided by the Consoli-
dated Framework for Implementation Research,15 efforts
were aimed at both the internal (hospital level) and the
external (statewide) environment. Hospitals with rates of
cesarean delivery for NTSV births greater than the national
target (23.9%) were invited to join a quality improvement
collaborative and mentorship program to offer support for
hospital-level initiatives. Strategic partnerships with Smart
Care California, the California Health and Human Services
Agency, the California Health Care Foundation, and indi-
vidual health plans and purchasers enabled statewide efforts
to encourage vaginal birth.

The objective of this study was to evaluate the rates of ce-
sarean delivery for NTSV births in California in the context of
a statewide multifaceted initiative designed to reduce the rates
of cesarean deliveries.

Methods
Overview of Study Design
Institutional review board approval was obtained from
Stanford University as the study host and from the California
Committee for the Protection of Human Subjects for the use
of the state data sets, which waived the requirement for
individual informed consent. The Standards for Quality
Improvement Reporting Excellence (version 2.0) guidelines
were followed during the development of this study.16

This was an observational study of a multifaceted
quality improvement initiative designed to decrease the
cesarean delivery rates for NTSV births in California. In
2016, a mentor-led collaborative to support hospital quality
improvement efforts was started along with the simultane-
ous development of statewide interventions. The overall
initiative was evaluated by comparing the cesarean delivery
rates in California with the cesarean delivery rates in the US
between 2014 and 2019. The specific components of the
intervention were evaluated by examining patient-level

data for all deliveries that occurred between January 2015
and June 2019 in California.

Overview of Collaborative Activities
All California hospitals with 2015 cesarean delivery rates
greater than 23.9% for NTSV births were invited to join the
CMQCC Supporting Vaginal Birth Collaborative at no cost.
Although all eligible hospitals were invited at the outset, the
collaborative was designed to have multiple cohorts to
accommodate finite coordinating resources and varying lev-
els of hospital interest and availability. Hospitals that
declined to participate during the first cohort round were
reinvited during subsequent study rounds. Round 1 was
launched in June 2016, round 2 was launched in January
2017, and round 3 was launched in January 2018 (Figure 1).
The collaborative followed a previously described modified
Institute for Healthcare Improvement Breakthrough Series
model with added mentorship.13 This approach brought
together a multidisciplinary team (physicians, nurses, and
quality improvement professionals) from 6 to 8 hospitals
supported by a physician and nurse mentor pair.

The mentorship groups met monthly for virtual collab-
orative learning to share their efforts, challenges, and progress
over an 18-month period in addition to regional in-person all-
day kickoff and closing meetings. Mentors conducted site vis-
its featuring a grand rounds presentation and individualized
education and support based on the Agency for Healthcare
Research and Quality recommended strategy of academic
detailing (ie, peer-to-peer educational outreach).17 The 2 key
support materials for improvement activities were the
CMQCC Toolkit to Support Vaginal Birth and Reduce Primary
Cesareans18 (a 159-page open-source compendium of evidence-
based tools, algorithms, and guidelines) and the Alliance for
Innovation on Maternal Health National Patient Safety Bundle:
Safe Reduction of Primary Cesarean Births.19

An important component of the collaborative was the
use of the CMQCC Maternal Data Center (a web-based sys-
tem that generates near real-time performance metrics from
which trends for cesarean delivery rates can be bench-
marked and analyzed). The CMQCC Maternal Data Center

Key Points
Question What were the rates of cesarean delivery for
nulliparous, term, singleton, vertex (NTSV) births in California from
2014 to 2019 in the context of a mentor-led hospital collaborative
intervention and statewide policy initiatives to reduce the rates of
cesarean delivery?

Findings In this observational study of 7 574 889 NTSV births that
compared the rates of cesarean delivery between 2014 and 2019,
the rates in California had a statistically significant decrease from
26.0% to 22.8% (relative risk, 0.88). The cesarean delivery rate
for NTSV births in the US (excluding California) was 26.0% in both
2014 and 2019.

Meaning Between 2014 and 2019, the rates of cesarean delivery
for NTSV births in California decreased over time in the setting of
a coordinated hospital-level collaborative and statewide initiatives
designed to support vaginal birth.
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system allows hospitals to compare their cesarean delivery
rates with other similar hospitals across the state as a type
of “audit and feedback” intervention, which is an imple-
mentation science strategy using clinical performance com-
parators previously identified to be important for cesarean
delivery improvement projects.20,21 Another key strategy of
the collaborative was a formal analysis of barriers and facili-
tators to allow for application of tailored interventions via a
readiness survey and analyses using the CMQCC Maternal
Data Center system to help determine specific drivers for
each hospital’s cesarean delivery rate.22 Hospitals were
encouraged to select approaches from the CMQCC Toolkit to
Support Vaginal Birth and Reduce Primary Cesareans that
were most relevant to their particular setting and to record
and track structure and process measures from the Alliance
for Innovation on Maternal Health National Patient Safety
Bundle: Safe Reduction of Primary Cesarean Birth.19

Overview of Statewide Activities
During this period, Smart Care California, a public-private
purchaser partnership, together with CMQCC and the Califor-
nia Health Care Foundation, coordinated statewide policy
and public awareness efforts. Starting in October 2016,
the California Health and Human Services Agency released
annual honor rolls highlighting hospitals that had cesarean
delivery rates of 23.9% or less for NTSV births.

Beginning in June 2017, the cesarean delivery rate for
NTSV births at every California hospital was made publicly
available at http://www.CalHospitalCompare.org and on
each hospital’s Yelp.com landing page. Through 2016 and
2017, multiple health plans encouraged or incentivized par-
ticipation in the CMQCC collaborative. A patient education
website (MyBirthMatters.org) was launched in early 2018.

From 2016 through 2019, the California Department of
Health Care Services used the US Centers for Medicare & Med-
icaid Services §1115 waiver process to incentivize public hos-
pitals to address overuse of cesarean delivery. Beginning in
2016, Covered California (the state health insurance ex-
change) encouraged health plans to manage performance varia-

tion, including the potential to exclude hospitals that demon-
strated persistently elevated rates of cesarean delivery.23

Analysis of Collaborative Activities
Data on hospital collaborative activities were compiled from
3 sources: transcripts of monthly conference calls among
each mentor group, structure measures entered into the
CMQCC Maternal Data Center system, and summary docu-
ments highlighting the best practices of each hospital. If an
activity was mentioned in any of these sources, it was consid-
ered as having occurred. Hospital interventions were catego-
rized into groups that were defined by the CMQCC Toolkit to
Support Vaginal Birth and Reduce Primary Cesareans18 and
frequencies were described.

Creation of Data Sets
The US rates of cesarean delivery for NTSV births from 2014
through 2019 were obtained from the National Center for
Health Statistics.24 The CMQCC Maternal Data Center sys-
tem received monthly birth certificate data from the Califor-
nia Department of Public Health Center for Health Statistics
and Informatics and semiannual maternal and neonatal
hospital discharge diagnosis files (containing diagnosis, pro-
cedure, and disposition codes) from the California Office of
Statewide Health Planning and Development. These files
were linked using a previously validated probabilistic algo-
rithm with linkage rates exceeding 98%.25 The California
Office of Statewide Health Planning and Development
patient-level data for 2019 were not available for analysis.
The 2019 discharge diagnosis files provided directly from
the hospitals to the CMQCC Maternal Data Center system
were used instead. These data represented 96% of Califor-
nia births during that period.

Teaching hospital status, hospital geographic region, and
hospital ownership were obtained from the California Office
of Statewide Health Planning and Development. The level of
neonatal care was determined and reported by the nursery di-
rectors to the CMQCC Maternal Data Center system based on
the 2012 definition from the American Academy of Pediatrics.26

Figure 1. Flowchart of California Hospitals by Participation in the Supporting Vaginal Birth Collaborative

238 Hospitals in California providing maternity
services from January 2015 until June 2019

25 Joined round 3 in January 2018a

149 Had a cesarean delivery rate >23.9% for nulliparous,
term, singleton, vertex births in 2015 and were invited
to participate in the collaborative

89 Had a cesarean delivery rate ≤23.9% for nulliparous,
term, singleton, vertex births in 2015 and were not
eligible to participate in the collaborative

58 Declined to participate

24 Joined round 1 in June 2016a

42 Joined round 2 in January 2017a

a Additional information appears in
eFigure 1 in the Supplement.
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Hospitals in rural areas were identified using definitions pro-
vided by the Health Resources and Services Administration.27

The specifications for PC-02 (NTSV) from the Joint Com-
mission were used to classify NTSV births. Gestational age (be-
tween 37 and 44 weeks) and parity were obtained from the birth
certificate; plurality and presentation status were obtained
using maternal discharge diagnosis codes. To control for po-
tential confounders over time, the following demographic and
clinical data were collected: prepregnancy body mass index
(calculated as weight in kilograms divided by height in me-
ters squared), education level, use of prenatal care, and self-
reported race/ethnicity (selected from fixed categories and ob-
tained from the birth certificate).

Insurance status was obtained from the birth certificate
only if the discharge record was incomplete. The maternal co-
morbidities of preeclampsia, chronic hypertension, diabetes,
and gestational diabetes were identified using International
Classification of Diseases, Ninth Revision, Clinical Modifica-
tion (ICD-9-CM) or International Statistical Classification of Dis-
eases, Tenth Revision, Clinical Modification (ICD-10-CM) diag-
nosis and procedure codes from the discharge data.

In addition, severe unexpected newborn complications
(code 0716 [National Quality Forum] and code PC-06 [The
Joint Commission]) were examined over the same period as a
balancing measure. The term severe unexpected newborn
complications includes hypoxic ischemic encephalopathy,
seizures, requirement of ventilation, neonatal sepsis, birth
injury, and hospital transfer to a higher level of care among
term neonates without preexisting conditions.28 These data
also were obtained using ICD-9-CM or ICD-10-CM codes from
the neonatal discharge data. During the baseline years (2014-
2015), severe unexpected newborn complications were col-
lected using ICD-9-CM codes and during subsequent years
using ICD-10-CM codes, which provide a slightly lower rate,
so formal statistical testing was not performed on these data
due to these limitations.

Outcomes
The primary outcome was the change in cesarean delivery rates
for NTSV births in California compared with the cesarean de-
livery rates in the rest of the US during the same period. Sec-
ondary outcomes included the association of cesarean deliv-
ery for NTSV birth with the collaborative activities involving
participating hospitals as well as the statewide interventions
that affected all hospitals.

Statistical Analyses
To assess statewide trends, annual cesarean delivery rates from
all NTSV births in California from 2014 through 2019 were
calculated. The cesarean delivery rates for NTSV births in
California were compared with the US cesarean delivery rates
for NTSV births (excluding California births) and were calcu-
lated annually by the National Center for Health Statistics.6 Risk
difference, relative risk (RR), and their 95% CIs comparing ce-
sarean delivery rates for 2019 with 2014 were estimated. In ad-
dition, to compare cesarean delivery rates for California vs a
control group unaffected by statewide activities, we used a dif-
ference-in-differences approach to evaluate whether the risk

difference in California and in the US (excluding California
births) between 2014 and 2019 was statistically different.29

The risk difference model used included a time variable
(2014 vs 2019), an indicator for the population (California vs
the US [excluding California]), and their interaction term.
The coefficient for the interaction term then represents the
magnitude of changes in the risk of cesarean delivery for
2014 to 2019 between the 2 groups. Patient-level and
hospital-level data for US births were not available so these
analyses were unadjusted.

A patient-level analysis using NTSV births from all mater-
nity hospitals in California between January 2015 and June
2019 was then performed to examine associations more closely
with the collaborative activities and the statewide actions. To
accommodate secular trends and the fact that rounds 1, 2, and
3 started at different times, the analysis was designed to be
similar to a stepped-wedge design.30

The cesarean delivery rates were analyzed in 6-month time
blocks and each period was identified as either an interven-
tion period (time when hospitals were participating in the col-
laborative), a sustainment period (time following participa-
tion in the collaborative), or a control period (included baseline
time for participating hospitals and all times for hospitals that
did not participate in the collaborative). The cesarean deliv-
ery rates for NTSV births at hospitals participating in the col-
laborative were compared with rates from nonparticipating
hospitals as well as vs the rates from participating hospitals
prior to participation in the collaborative using a modified
stepped-wedge analysis (eFigure 1 in the Supplement).

A multivariable patient-level mixed logistic regression
model was created to calculate the adjusted odds of cesarean
delivery during the combined intervention and sustainment
phases compared with the baseline period while controlling
for period (to control for secular trends, namely the statewide
activities) and other confounders (including delivery hospital
as a random intercept to account for clustering by hospital).
Potential confounders included patient-level characteristics,
hospital-level characteristics, and whether the hospital
started with a cesarean delivery rate greater than 23.9% for
NTSV births. A subgroup analysis was performed that
excluded hospitals that were ineligible for participation in the
collaborative because of baseline cesarean delivery rates of
23.9% or less for NTSV births.

All hypothesis testing was 2-sided with a prespecified sig-
nificance threshold of P < .05. SAS version 9.4 (SAS Institute
Inc) was used for the statistical analysis. Missing data were rare
and cases with missing data were excluded from the patient-
level analysis but included in the statewide cesarean delivery
rate comparisons with the US.

Results
From 2014 to 2019, there were 7 574 889 NTSV births in the US
and 914 283 NTSV births in California and these data were used
for the US vs California comparison. For the patient-level analy-
sis, there were 679 086 NTSV births in California that oc-
curred between January 2015 and June 2019.
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Participation in the Collaborative
There were 238 nonmilitary hospitals in California providing
maternity services between January 2015 and June 2019. Of
the 149 hospitals with baseline cesarean delivery rates
greater than 23.9% for NTSV births, 91 participated in the col-
laborative (24 hospitals during round 1, 42 during round 2,
and 25 during round 3). Of the remaining 147 hospitals, 89
had cesarean delivery rates of 23.9% or less for NTSV births
and were not eligible to participate in the collaborative and
58 were eligible but declined to participate. All 238 hospitals
were exposed to statewide actions regardless of their base-
line cesarean delivery rate for NTSV births and regardless of
their participation in the quality collaborative (Figure 1).

Although largely representative of the entire state, hospi-
tals participating in the collaborative were less likely to be an
academic center, have fewer than 1000 births per year, and be
located in a rural area and more likely to be located in south-
ern California (a region with higher cesarean delivery rates;
Table 1). Women who delivered at a hospital participating in
the collaborative in 2015 were more likely to be older than aged
35 years, have a college degree, and have private insurance
compared with women who delivered at a hospital not par-
ticipating (eligible and ineligible) in the collaborative (Table 1
and eTable 1 in the Supplement).

Analysis of Cesarean Delivery Rate
In California, the rate of cesarean delivery for NTSV births
decreased from 26.0% (95% CI, 25.8% to 26.2%) in 2014 to
22.8% (95% CI, 22.6% to 23.1%) in 2019 with a statistically
significant RR of 0.88 (95% CI, 0.87 to 0.89) and an absolute
risk difference of 3.2% (95% CI, 2.9% to 3.5%). During this
period, the rate of cesarean delivery for NTSV births in the US
(excluding California births) did not change (26.0% in 2014
and in 2019; RR, 1.00 [95% CI, 0.996 to 1.005]; risk differ-
ence, 0.01% [95% CI −0.01% to 0.10%). A difference-in-
differences analysis revealed that the reduction in the rate of
cesarean delivery for NTSV births in California was 3.2%
(95% CI, 1.7% to 3.5%; P < .001) higher than in the US (ex-
cluding California; Figure 2).

Analysis of the Collaborative and Statewide Activities
Among women delivering at hospitals participating in the
collaborative, the rate of cesarean delivery for NTSV births
decreased from 28.6% (95% CI, 28.2% to 29.1%; n = 9858/
34 437) for January-June 2015 to 24.2% (95% CI, 23.7% to
24.7%; n = 7439/30 728) for January-June 2019 and the abso-
lute difference was 4.4% (95% CI, 3.7% to 5.1%; P < .001) (RR,
0.85 [95% CI, 0.82 to 0.87]; P < .001). Examining only the eli-
gible hospitals (had baseline cesarean delivery rates >23.9%
for NTSV births) that did not participate in the collaborative,
the rate of cesarean delivery for NTSV births changed from
27.0% (95% CI, 26.3% to 27.7%; n = 4291/15 910) for January-
June 2015 to 24.3% (95% CI, 23.6% to 25.1%; n = 2973/12 217)
for January-June 2019 and the absolute difference was 2.7%
(95% CI, 1.6% to 3.7%; P < .001) (RR, 0.90 [95% CI, 0.87 to
0.94]; P < .001).

Of the 89 hospitals that had a cesarean delivery rate for
NTSV births of 23.9% or less (which was the target rate and

these hospitals were ineligible to participate in the collabora-
tive), the cesarean delivery rate was 20.5% (95% CI, 20.0% to
21.0%; n = 5284/25 767) for January-June 2015 and 20.8%
(95% CI, 20.3% to 21.3%; n = 5046/24 281) for January-June
2019 and the absolute difference was 0.3% (95% CI −0.4% to
1.0%; P = .45) (RR, 1.01 [95% CI, 0.98 to 1.05]; P = .45). Con-
sidering all 147 hospitals not participating in the collaborative
(89 ineligible and 58 eligible), the rate of cesarean delivery for
NTSV births changed from 23.0% (95% CI, 22.6% to 23.4%;
n = 9575/41 677) for January-June 2015 to 22.0% (95% CI,
21.6% to 22.4%; n = 8019/36 498) for January-June 2019 and
the absolute difference was 1.0% (95% CI, 0.4% to 1.6%;
P < .001) (RR, 0.96 [95% CI, 0.93 to 0.98]; P < .001) (eFigures
1-2 in the Supplement).

In the multivariable analysis (after adjusting for 6-month
time blocks and other potential confounders in a modified
stepped-wedge analysis), the collaborative activities were
associated with decreased odds of cesarean delivery for
NTSV births (adjusted odds ratio, 0.87 [95% CI, 0.85-0.89]).
In the same analysis, the statewide initiatives (as represented
by the time variable) also were associated with lower odds of
cesarean delivery regardless of whether a hospital partici-
pated in the collaborative (eTable 2 in the Supplement). In
the multivariable analysis excluding the hospitals that were
ineligible (due to baseline cesarean delivery rates ≤23.9%),
the collaborative activities were associated with decreased
odds of cesarean delivery for NTSV births (adjusted odds
ratio, 0.91 [95% CI, 0.89-0.94]). Combining all the rates used
in the analysis (eFigure 1 in the Supplement), the mean rate
of cesarean delivery for NTSV births was 24.6% (95% CI,
24.4%-24.8%) for the baseline group (included hospitals that
started above or below the target delivery rate of 23.9% and
decreased over time) and was 24.4% (95% CI, 24.2%-24.5%)
for the intervention or sustainment group (included rates
that decreased over time).

Collaborative Activities
During the course of the collaborative, participating hospitals
implemented a median of 7 distinct interventions (interquar-
tile range, 5-9) within a median of 5 intervention categories (in-
terquartile range, 4-6). The most frequently used interven-
tion was clinician education (99%), which included both
physician and nurse education (Table 2). The second and third
most common interventions were enhanced support for
women in labor and standardization of labor management
(90% [82 of 91 hospitals] used all 3 of these intervention cat-
egories). Another widely used intervention strategy (occur-
ring in 85% of hospitals participating in the collaborative) was
the sharing of unblinded physician-level cesarean delivery rates
for NTSV births, allowing physicians to see their own rates and
compare themselves with their peers.

Severe Unexpected Newborn Complications
The statewide rate of severe unexpected newborn complica-
tions decreased from 2.1% to 1.5% between January 2015 and
June 2019. Among hospitals participating in the collaborative,
the rate of severe unexpected newborn complications de-
creased from 2.1% in January 2015 to 1.4% in January-June 2019.
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Among hospitals not participating in the collaborative, the rate
of severe unexpected newborn complications decreased from
1.9% in January 2015 to 1.4% in January-June 2019. Due to the

fact that the coding changed from using the ICD-9-CM to the ICD-
10-CM during this period, the rates cannot be compared ex-
actly, and statistical testing was not performed.

Table 1. Hospital and Patient Characteristics by Hospital Participation Status in California Maternal Quality Care
Collaborative Supporting Vaginal Birth Collaborative

Collaborative participation status by hospital baseline
cesarean delivery rate, No. (%)

>23.9% for NTSV births
Did not participate
because rate ≤23.9%
for NTSV births
(ineligible)Participated Did not participate

Hospital characteristicsa

No. of hospitals 91 58 89

Teaching hospital 7 (8) 6 (10) 17 (19)

Neonatal level of care

1 (well newborn nursery) 18 (20) 25 (43) 30 (34)

2 (special care nursery) 27 (30) 11 (19) 19 (21)

3 (NICU) 41 (45) 18 (31) 32 (36)

4 (regional NICU) 5 (6) 4 (7) 8 (9)

Geographic region

South coast 50 (55) 24 (26) 19 (21)

North coast
and northeastern

27 (30) 19 (33) 49 (55)

Central valley,
southern inland

14 (15) 15 (26) 21 (24)

Rural area 5 (6) 10 (17) 18 (20)

Annual delivery volume
(live births)

<1000 16 (18) 22 (38) 35 (39)

1000-2499 53 (58) 26 (45) 37 (42)

≥3000 22 (24) 10 (17) 17 (19)

Hospital ownership

Private nonprofit 61 (67) 28 (48) 39 (44)

Private investor 17 (19) 15 (26) 10 (11)

University, city,
or county

12 (13) 8 (14) 19 (21)

Integrated
health system

1 (1) 7 (12) 21 (24)

Maternal characteristics in 2015

No. of mothers 69 751 32 550 53 604

Type of insuranceb

Medi-Cal or another
government-sponsored
insurance

26 261 (37.7) 14 564 (44.7) 21 215 (39.6)

Private insurance 41 115 (58.9) 15 592 (47.9) 31 274 (58.3)

Self-pay
or no insurance

2374 (3.4) 2394 (7.4) 1115 (2.1)

Missing 1 0 0

Prenatal careb

First trimester 58 970 (85.8) 25 806 (80.2) 43 908 (82.7)

Second trimester 7675 (11.2) 4662 (14.5) 6904 (13.0)

Third trimester 1817 (2.6) 1627 (5.1) 2093 (3.9)

No care 232 (0.3) 77 (0.2) 182 (0.3)

Missing 1057 378 517

Preeclampsia 5756 (8.3) 3076 (9.5) 6120 (11.4)

Chronic hypertension 1314 (1.9) 533 (1.6) 1216 (2.3)

Onset of diabetes

Preexisting 514 (0.7) 295 (0.9) 493 (0.9)

Gestational 5456 (7.8) 2880 (8.8) 4809 (9.0)

Abbreviations: NICU, neonatal
intensive care unit; NTSV, nulliparous,
term, singleton, vertex.
a See Methods section for

descriptions of criteria for hospital
characteristics.

b The denominators used to calculate
the percentages were adjusted to
reflect missing data.
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Discussion

In the current study, a collaborative approach to encourage a
variety of quality improvement approaches within hospitals
that had high baseline rates of cesarean delivery for NTSV
births was combined with an approach aimed to influence
the external environment through a series of statewide
policy and transparency efforts. Together, this multifaceted
approach was associated with a reduction in the rate of ce-
sarean delivery for NTSV births in California from 26.0% in
2014 to 22.8% in 2019, whereas the rest of the US had no
change in the rate of cesarean delivery. These findings sug-
gest that hospital and clinician policies, attitudes, and prac-
tices (rather than individual patient characteristics) are
related to hospital rates of cesarean delivery.7,31,32

Women who delivered at hospitals during or after partici-
pation by the hospitals in the collaborative had lower odds of
cesarean delivery compared with women who delivered at eli-
gible hospitals that declined to participate in the collabora-
tive. An important feature of the collaborative was its flexibil-
ity along with access to rapid-cycle data in a user-friendly
format and a mentor-led shared learning model with multi-
disciplinary teams to identify barriers and select evidence-
based interventions based on local need. This peer support sys-
tem enhanced the strategies provided in the widely available
CMQCC Toolkit to Support Vaginal Birth and Reduce Primary
Cesareans and was likely one of the reasons why joining the
collaborative was associated with further reductions in ce-
sarean delivery compared with the periods before joining.

The 3 intervention categories most commonly used were
clinician and nursing education on labor management, atten-
tion to improving support for women in labor, and imple-
menting guidelines or other strategies to improve labor man-
agement. Most hospitals implemented at least 1 strategy
within these 3 intervention categories. Three-quarters of the

hospitals participating in the collaborative also shared
unblinded physician-specific cesarean delivery rates, sug-
gesting this strategy of transparency was a powerful adjunct
to the other intervention categories, as has been shown in
other studies.33,34

More than one-third of California hospitals began the study
period with cesarean delivery rates below the target (≤23.9%)
and maintained a low rate, indicating that lower rates of ce-
sarean delivery are feasible and sustainable. Previously, the
safety of lowering the cesarean delivery rate for NTSV births
for both the mother and the neonate was demonstrated using
data from the first 2 cohorts in the collaborative.35 The cur-
rent study included the entire state of California and was un-
able to demonstrate any increase in the rates of severe neo-
natal complications statewide, nor in the subgroups of hospitals
that did vs did not participate in the collaborative.

The strengths of this study include the expansion of an
intervention to reduce cesarean delivery rates for NTSV
births to a larger scale than has previously been reported to our

Figure 2. Rates of Cesarean Delivery for NTSV Births Over Time
in the US vs in California
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Starting in 2016, a multifaceted initiative (a mentor-led collaborative to support
hospital-level quality improvement initiatives and statewide interventions that
affected all hospitals) was implemented in California to decrease the rates of
cesarean delivery for nulliparous, term, singleton, vertex (NTSV) births.

Table 2. Interventions Used by Hospitals Participating
in the California Maternal Quality Care Collaborative
Supporting Vaginal Birth Collaborative

Type of intervention
Implementation
by hospital, No. (%)

No. of hospitals 91

Clinician education 90 (99)

Physician or nurse educational presentations 90 (98)

Manual rotation of occiput posterior 41 (45)

Operative vaginal deliveries 2 (2)

Labor support activities 82 (90)

Peanut balla 48 (53)

Doula program 30 (33)

Coping with labor algorithm 9 (10)

Nitrous oxide analgesia 4 (4)

Labor management 78 (86)

Labor dystocia checklist 59 (65)

Active phase huddle 41 (45)

Latent labor management 41 (45)

Second stage management 16 (18)

Electronic medical record order sets 22 (24)

Labor induction 48 (53)

Induction scheduling form 31 (34)

Induction algorithm 20 (22)

Outpatient cervical ripening 17 (19)

Patient education 43 (47)

Prenatal childbirth education 7 (8)

Patient education during triage or labor 41 (45)

Patient support after traumatic birth experience 24 (26)

Labor and delivery staff model 12 (13)

Addition of hospitalists 8 (9)

Addition of midwives 4 (4)

Sharing of unblinded physician-level
cesarean delivery rates for NTSV births

77 (85)

Abbreviation: NTSV, nulliparous, term, singleton, vertex.
a Peanut-shaped inflatable ball used to facilitate the desired positioning for

successful labor progression.
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knowledge, demonstrating results in both small and large com-
munity hospitals. The US cesarean delivery rate has risen steadily
during the last 20 years despite efforts from major profes-
sional societies and public health authorities.3,4,36 Notwith-
standing the success found in some smaller studies, reducing
the cesarean delivery rate at scale has been elusive.20,37

The change in rates of cesarean delivery for NTSV births
observed in association with this initiative may have been
related to the added focus on the external environment,
which supported the collaborative activities and identified
reducing unnecessary cesarean deliveries as a clear quality
and safety priority for the entire state. This likely eased the
difficult task of changing physician behavior by mobilizing
health plans, hospital executives, and patients in a shared
goal to support vaginal birth. Implementation science prin-
ciples emphasize the importance of including the external
context into the design of any intervention, particularly one
that attempts large-scale change.38

Limitations
The study had several limitations. First, the study was obser-
vational rather than randomized, and selection bias and un-
measured confounding could have affected the results. Hos-
pitals that chose to participate in the collaborative may have
been more motivated to make changes to lower their ce-
sarean delivery rates, and this motivation, in addition to the
support offered by the collaborative, likely did play a part in
the ability of these hospitals to make changes.

Second, it was difficult to identify which facets of the men-
tor-led collaborative structure were the most useful to indi-
viduals at the participating hospitals. Third, the analyses com-
paring the changes in the cesarean delivery rates for the US and
California were unadjusted due to lack of availability of na-
tional patient-level and hospital-level covariates.

Fourth, even though the odds of cesarean delivery asso-
ciated with the collaborative activities and the statewide ini-
tiatives were quantified, it is highly likely that leakage (the

informal uptake of interventions by the control group) was
present as is often seen in community-based interventions.39

The CMQCC Toolkit to Support Vaginal Birth and Reduce Pri-
mary Cesareans was widely available to hospitals not partici-
pating in the collaborative (there have been >7000 down-
loads of the Toolkit), and some individual hospitals and
hospital systems used this document to develop their own
improvement initiatives independent from the collaborative.
In addition, the statewide external actions reinforced partici-
pation in the collaborative and may have contributed to their
success. However, even though leakage may be a limitation
of the analysis, the combination of the collaborative inter-
ventions and the external statewide actions was a strength in
the reach and sustainability overall. Further research is
needed to determine whether these interventions were asso-
ciated with changes in cesarean delivery rates equally among
different racial/ethnic groups.

Fifth, this was conducted in a single state with a well-
established perinatal quality collaborative, which raises gen-
eralizability concerns. However, even though not all states have
access to the CMQCC Maternal Data Center system, the em-
phasis on building partnerships with multiple state agencies,
private organizations, and individual mentors and clinical lead-
ers from the community would seem to be achievable in other
geographical areas. A model that focuses on collaboration, co-
alition development, and strategic planning, together lead-
ing to a “collective impact” should be considered in future
large-scale efforts to reduce cesarean delivery rates.40

Conclusions
In this observational study of NTSV births in California from
2014 to 2019, the rates of cesarean delivery decreased over time
in the setting of the implementation of a coordinated hospital-
level collaborative and statewide initiatives designed to sup-
port vaginal birth.
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