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Abstract 

Background: Reducing cesarean rates is a public health priority. To help pregnant people select hospitals with lower 
cesarean rates, numerous organizations publish publically hospital cesarean rate data. Few pregnant people use these 
data when deciding where to deliver. We sought to determine whether making cesarean rate data more accessible 
and understandable increases the likelihood of pregnant people selecting low-cesarean rate hospitals.

Methods: We conducted a 1:1 randomized controlled trial in 2019–2021 among users of a fertility and pregnancy 
mobile application. Eligible participants were trying to conceive for fewer than five months or were 28–104 days into 
their pregnancies. Of 189,456 participants approached and enrolled, 120,621 participants met entry criteria and were 
included in analyses. The intervention group was offered an educational program explaining the importance of hospi-
tal cesarean rates and an interactive tool presenting hospital cesarean rates as 1-to-5-star ratings. Control group users 
were offered an educational program about hospital choice and a hospital choice tool without cesarean rate data. The 
primary outcome was the star rating of the hospital selected by each patient during pregnancy. Secondary outcomes 
were the importance of cesarean rates in choosing a hospital and delivery method (post-hoc secondary outcome).

Results: Of 120,621 participants (mean [SD] age, 27.8 [7.9]), 12,284 (10.2%) reported their choice of hospital dur-
ing pregnancy, with similar reporting rates in the intervention and control groups. Intervention group participants 
selected hospitals with higher star ratings (2.52 vs 2.16; difference, 0.37 [95% CI, 0.32 to 0.43] p < 0.001) and were more 
likely to believe that the hospitals they chose would impact their chances of having cesarean deliveries (38.5% vs 
33.1%, p < 0.001) but did not assign higher priority to cesarean delivery rates when choosing their hospitals (76.2% vs 
74.3%, p = 0.05). There was no difference in self-reported cesarean rates between the intervention and control groups 
(31.4% vs 31.4%, p = 0.98).

Conclusion: People offered an educational program and interactive tool to compare hospital cesarean rates were 
more likely to use cesarean data in selecting a hospital and selected hospitals with lower cesarean rates but were not 
less likely to have a cesarean.
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Background
Across the United States, hospital cesarean delivery rates 
vary dramatically, independent of demographic differ-
ences and pregnant people’s risks and preferences [1, 2]. 
While cesarean deliveries are often clinically necessary, 
up to 45% may be unindicated [3]. Compared to vaginal 
deliveries, cesarean deliveries are associated with three-
fold higher rates of maternal complications and 50% 
higher costs [4–7]. Over three-quarters of pregnant peo-
ple would prefer to not have unindicated cesarean deliv-
eries, and an individual’s likelihood of a cesarean section 
is associated with the choice of hospital at which they 
deliver [8, 9].

To help patients select hospitals with lower cesarean 
rates and thereby lower the likelihood that they undergo 
cesarean sections, many states and consumer advocates 
such as The Leapfrog Group, Consumer Reports, and 
U.S. News and World Report have begun to publicly 
report hospital-level cesarean delivery rates [10–16]. 
However, few patients know where to access or seek out 
these data [17]. Furthermore, many prioritize the selec-
tion of an obstetrician or midwife over selection of a hos-
pital and believe that a hospital’s cesarean delivery rate 
will not impact the care they receive [8, 17, 18].

In a pragmatic randomized controlled trial, we tested 
the hypothesis that an intervention that explained why 
hospital cesarean rates are important, simplified the 
presentation of these data, and made these data easier 
to access would lead more pregnant patients to select 
lower cesarean rate hospitals [19, 20]. Our intervention 
consisted of providing educational modules in a maternal 
health mobile app explaining the importance of a hospi-
tal’s cesarean delivery rate, translating hospital cesarean 
rate data into star ratings, using the language of “labor-
friendly hospitals,” and providing an interactive tool that 
made it easier to find a hospital with a low cesarean rate.

Methods
Trial platform and recruitment
We conducted this randomized controlled trial in 2019–
2021 using the Ovia Fertility and Pregnancy mobile appli-
cations (apps). These apps, only available in English at the 
time of the study, offer a series of tools including articles 
customized to the patient and their interests (e.g., an arti-
cle explaining the size of the fetus at the user’s stage of 
pregnancy) (Figure S1.1). These apps from Ovia Health 
predate the study and were available in most app stores. 

We conducted the study using the apps because of their 
large preexisting user base and because  they could be 
easily modified to include new functionalities relevant to 
the study. To recruit participants, we presented a post in 
the “newsfeeds” of the app users who had been trying to 
conceive for fewer than five months or were 28–104 days 
into their pregnancies based on last menstrual periods. 
We included those still trying to conceive because we 
recognized that most of these people would soon become 
pregnant and sought to identify participants who had 
not yet chosen an obstetric provider. If a user expressed 
interest, they were immediately randomized 1:1 based on 
the last digit of their app user ID, which was automati-
cally generated upon sign up for the app. Participants 
were excluded if they reported that they had already 
selected hospitals or obstetricians/midwives for their 
pregnancies because the intervention would likely have 
little impact in this population. We also excluded peo-
ple if they were enrolled in two other Ovia programs (a 
health plan/employer program or a high-risk depression 
pregnancy intervention), as we did not want to interfere 
with those programs. We also excluded participants who 
did not report their last menstrual periods, had due dates 
outside the study period (April 2020-June 2021), reported 
ages outside of 18–49, or indicated they did not live in 
the United States. Trial recruitment and exclusions are 
outlined in the CONSORT diagram (Fig. 1).

Intervention
Our intervention builds on the learnings of a prior pilot 
trial in which a similar intervention using informational 
tools increased participants’ familiarity with cesarean 
delivery rates but did not increase the likelihood of users 
selecting low-cesarean rate hospitals [21]. In the current 
trial, people in the intervention group were provided an 
interactive tool that showed hospital star ratings for the 
10 closest hospitals within 50 miles of any zip code (star 
rating determinations explained below) as well as a series 
of educational modules on why it was important to select 
a hospital with a higher “labor-friendly” star rating. The 
interactive tool used a 5-star rating system instead of 
showing users the actual hospital cesarean rates because 
prior interviews suggested that many people had trouble 
translating a numerical rate into an actionable choice and 
prior research highlighted that simplifying quality data 
was key to increasing accessibility [22, 23]. We chose 
the term “labor-friendly” (paralleling the “baby friendly” 

Clinical Trial Registration: Registered December 9, 2016 at clinicaltrials.gov, First enrollment November 2019. ID 
NCT02987803, https:// clini caltr ials. gov/ ct2/ show/ NCT02 987803
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designation) based on feedback from interviews that 
this phrase was appealing and accessible as well as evi-
dence that hospitals with low cesarean section rates were 
more likely to provide additional support for labor (e.g., 
doulas) [24–26]. The 8 educational modules provided to 
the intervention population answered questions such as 
“Why does it matter if a hospital is labor-friendly?” and 
“What labor-friendly hospital is right for you?” with vid-
eos and articles.

People randomized to the control group were also 
given access to a hospital look-up tool as well as educa-
tional modules. The interactive hospital look-up tool 
provided to the control population was similar to the 
intervention tool but did not display any star ratings. 
The 2 control educational modules explained the differ-
ent criteria someone could use to select a hospital and 
encouraged readers to go on hospital tours. (Screenshots 
of educational materials and tools for both arms available 
in supplemental materials).

Investigator blinding was less relevant in this study 
because researchers did not have any personal interac-
tion with participants during the trial and all outcomes 
were self-reported by participants.

Categorizing hospitals into star ratings based on cesarean 
rates
We used two data sources for hospital cesarean rates. 
For five states (Alabama, California, Massachusetts, 
Vermont, West Virginia), we used publicly reported pri-
mary cesarean rate data for all hospitals published by 
the state governments [12–16]. For all other states and 
D.C., which had no comparable public data, we used the 

self-reported nulliparous, term, singleton, vertex (NTSV) 
cesarean rates submitted by hospitals to the Leapfrog 
Group. Among known hospitals in these other states and 
D.C, 54.3% of hospitals did not submit data to Leapfrog. 
In Supplemental Materials, we detail dates of the data 
and differences in how the cesarean rate was measured 
based on data source (Table S1).

Within each state, we categorized hospitals into quin-
tiles and assigned them star ratings based on their quin-
tiles (e.g., 5 stars if the cesarean delivery rate was in the 
lowest quintile for the state). Hospitals for which cesar-
ean rates were unavailable were marked “no data” and 
listed last on the interactive tool.

Outcomes
Our primary outcome was the star rating of the delivery 
hospital each participant selected using the interactive 
hospital selection tool during pregnancy (hospital choice 
during pregnancy) (Figure S1.5 how participants entered 
these data). Participants were shown posts in their 
newsfeeds in the apps each week from the start of their 
enrollment asking them to report their chosen hospitals 
through the tool until they submitted choices. They were 
offered the opportunity to be entered into a $100 lottery 
for reporting.

Our secondary outcomes were survey questions 
focused on the importance of cesarean rate data and 
whether these data were used in the participants’ deci-
sions (Table  1 provides the wording of questions). 
Starting in the second month after entry in the trial, par-
ticipants had posts in their feeds asking them to fill out 
this survey. Again, participants were entered in a lottery 

Fig. 1 CONSORT Flow Diagram

Note: Exclusion occurred after the randomization step in this pragmatic trial. Participants were immediately enrolled upon expressing interest. 
Exclusion criteria were self-reported by participants before randomization at their time of signing up for the app
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for $100 for responding. If they responded to the survey 
more than once, we used their later responses.

All users of the app (trial participants and non-partic-
ipants) were asked to fill out a post-delivery survey that 
is sent to all app users regardless of whether they were 
part of this trial. Post-hoc, we added two secondary out-
comes from this survey: hospital choice and self-reported 
delivery method (language of questions in supplemental 
materials). We linked each participant’s hospital choice 
to its star rating.

Demographic and other data
Limited demographic data were collected by the Ovia 
apps, including enrollees’ ages and zip codes of resi-
dence. Using each participant’s zip code, we linked our 
dataset with data from the American Community Survey 
on median annual household income and the education 
levels of women ages 18–45 to estimate the incomes and 
education levels of the participants [27, 28]. Additionally, 
we used participant zip codes to determine which partic-
ipants lived in urban areas as defined by the United States 
Census Bureau [29].

Analysis
We compared the demographic characteristics of par-
ticipants in the trial to those of pregnant people nation-
ally using data from the Census and CDC [30–33]. We 
compared the star ratings of hospitals by conducting 
Welch’s t-tests, both for the primary outcome of choice 
during pregnancy and the secondary outcome of choice 
after pregnancy. We grouped Likert survey responses 
into binary categories and then used chi-squared tests 
to compare responses. We compared delivery meth-
ods between the control and intervention groups using 
a Pearson’s chi-squared test across all participants who 
indicated their delivery method as a post-hoc secondary 
outcome analysis.

In exploratory post-hoc subgroup analyses, we exam-
ined if the intervention’s impact was mediated by par-
ticipant socioeconomic status (as measured by the 

median income in zip code), as we hypothesized that 
the impact of the intervention would be smaller among 
lower-income people given that other factors (e.g., 
insurance restrictions) may limit their hospital choices. 
We also conducted sub-group analyses to assess 
whether the intervention had a greater impact in com-
munities with more choice of hospitals. Specifically, 
we stratified our analyses by  whether the participant 
lived in a state that reported hospital cesarean rates 
and therefore fewer hospitals were missing star ratings, 
how many hospitals with a three star rating or higher 
were within 10 miles of the participant’s zip code, and 
whether there were hospitals with a difference in star 
ratings of at least two stars within 10 miles of the par-
ticipant’s zip code. We calculated the star rating dif-
ferences between the control and intervention arms in 
each subgroup. To determine if these differences were 
significant, we used linear regression models regressing 
on whether the participant was in the intervention or 
control, the sub-group (e.g., number of hospitals with a 
star rating of three or higher within 10 miles), and the 
interaction term between the two (variable of interest). 
All analyses were performed using R version 3.6.2.

The trial was approved by the Institutional Review 
Board of the Harvard T.H. Chan School of Public 
Health and registered at clinicaltrials.gov (Registra-
tion number NCT02987803, registered 09/12/2016). 
All participants consented through their agreements to 
the terms of use and privacy policy for the Ovia apps. 
A Data Safety Monitoring Board (DSMB) comprised 
of experts in the study content and statistical methods 
reviewed interim results in September 2020.

Results
We enrolled 120,621 people in our trial (60,352 inter-
vention and 60,269 control). Most participants were 
ages 25–34 (57.9%) and lived in urban zip codes (78.3%) 
(Table  2). Half (49.7%) of the participants resided in 
zip codes with median household incomes of less than 

Table 1 Participant survey responses regarding the importance of cesarean rates in selection of hospital

Survey Question Response Control Intervention p-value

Hospital Impact on Delivery
(Do you think the facility where you plan to deliver will impact your chance of having 
a C-section?)

n = 4,064 n = 4,136

Very or somewhat likely 1,345 (33.1) 1,591 (38.5)  < 0.001

Use in Hospital Selection
(How much does the C-section rate of a facility matter to you when deciding where 
you’ll deliver?)

n = 4,340 n = 4,390

High or medium priority 3,226 (74.3) 3,343 (76.2) 0.05

Knowledge of Variation
(How different are healthcare facilities when it comes to quality of care?)

n = 4,338 n = 4,390

Very or somewhat different 3,903 (90.0) 3,995 (91.0) 0.10
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$57,000. Sample characteristics were balanced across 
the control and intervention groups.

Compared to the national population of people giving 
birth, our study sample was slightly younger and more 
likely to reside in lower income and rural areas (Table S2).

Choice of hospital during pregnancy
Among people enrolled in the trial, 10.2% (9.8% inter-
vention, 10.5% control) reported their choices of 

hospitals during pregnancy. The average gestational 
age was 12 weeks at the time they provided this infor-
mation. Among those who reported a hospital choice, 
7.9% updated their hospital selection at least once. 
Compared to those who did not report this outcome, 
participants who reported this outcome lived in higher 
income communities (27.0% vs. 25.5% lived in zip codes 
with median incomes higher than $75,000) and were 
more likely to live in urban areas (84.1% vs. 77.6% in 
urban areas) (Table S3).

The average star ratings of the hospitals selected by 
people in the intervention population were significantly 
higher than in controls (average star rating 2.61 (SD 1.60) 
intervention vs. 2.24 (SD 1.44), p < 0.001) (Fig. 2A). Of the 
participants who reported their hospitals, 19.0% of the 
intervention group selected 5-star hospitals while 10.8% 
of the control group selected 5-star hospitals.

Choice of hospital reported after delivery
Among participants, 8,035 (6.7%; 6.6% intervention, 6.7% 
control) reported the hospitals in which they gave birth 
after their deliveries.

The average star rating of the hospitals where the inter-
vention population gave birth was significantly higher 
than that of the control population (average star rating 
2.30 (SD 1.42) intervention vs. 2.19 (SD 1.42) control, 
p = 0.001) (Fig.  2B). Of the participants who reported 
their hospitals, 11.5% of the intervention group selected 
5-star hospitals while 9.2% of the control group selected 
5-star hospitals.

Among the 1,681 (1.4%) of participants who reported 
their hospital choices both during pregnancy and after 
delivery, 60.5% and 54.5% reported the same hospitals at 
both instances for the control and intervention groups, 
respectively (Table S4).

Secondary outcomes
People in the intervention group were more likely to 
believe that the choice of hospital impacts the likelihood 
of having a cesarean delivery (38.5% vs. 33.1%, p < 0.001, 
response rates of 6.9% and 6.7%). However, there were no 
differences in respondents’ beliefs that hospitals in their 
communities had different care quality levels (91.0% vs. 
90.0%, p = 0.10, response rates of 7.3% and 7.2%) or that 
cesarean delivery rates are important to consider when 
choosing a hospital (76.2% vs. 74.3%, p = 0.050, response 
rates of 7.3% and 7.2%) (Table 1).

After delivery, 18,066 (29.9%) people in the interven-
tion group and 18,139 (30.0%) people in the control 
group reported how their babies were delivered. There 
was no difference in the fraction of participants reporting 

Table 2 Demographic Baseline Characteristics

Notes:

(a) Regions as listed in https:// www. natio nalge ograp hic. org/ maps/ united- states- 
regio ns/

(b) Source: U.S. Census American Community Survey, 2015–2019 5-year 
estimates from https:// data. census. gov/ cedsci. Median income in past 
12 months by ZCTA, Table S1903. Data missing for 31.2% of participants due to 
low zip code population or incorrect zip code entry

(c) Source: U.S. Census American Community Survey, 2015–2019 5-year 
estimates from https:// data. census. gov/ cedsci. Educational attainment by 
ZCTA, Table S1501. Data missing for 31.1% of participants due to low zip code 
population or incorrect zip code entry

(d) Source: U.S. Census 2010 Urban Area to ZCTA Relationship File. Data missing 
for 8.4% of participants due to incorrect zip code entry

Participant 
Characteristics

Control Intervention

n = 60,269 n = 60,352 Standardized 
difference

n (%) n (%)

Age

18–24 18,444 (30.6) 18,341 (30.4) 0.0013

25–34 34,792 (57.8) 34,995 (58.0) 0.0015

35 + 7,033 (11.7) 7,016 (11.6) 0.0004

Region a

Midwest 12,588 (20.9) 12,662 (21.0) 0.0007

Northeast 9,422 (15.6) 9,652 (16.0) 0.0028

South 24,741 (41.0) 24,338 (40.4) 0.0042

West 13,601 (22.5) 13,617 (22.6) 0.0000

Median household income in zip code b

 < $25,000 1,051 (2.5) 1,089 (2.6) 0.0013

$25,000—$49,999 13,535 (32.6) 13,301 (32.1) 0.0029

$50,000—$74,999 16,465 (39.6) 16,316 (39.4) 0.0018

$75,000—$99,999 6,896 (16.6) 7,033 (17.0) 0.0019

 > $100,000 3,587 (8.6) 3,656 (8.8) 0.0013

Proportion with Bachelor’s degree in zip code c

 < 20% 11,375 (27.3) 11,149 (26.9) 0.0030

20%—< 30% 10,730 (25.8) 10,527 (25.4) 0.0027

30%—< 50% 12,849 (30.9) 13,137 (31.7) 0.0031

 ≥ 50% 6,637 (16.0) 6,628 (16.0) 0.0003

Rural or urban county d

Urban 43,321 (78.5) 43,097 (78.1) 0.0030

Rural 11,898 (21.5) 12,084 (21.9) 0.0020

Enrollment App

Fertility 11,922 (19.8) 11,984 (19.9) 0.0005

Pregnancy 48,347 (80.2) 48,368 (80.1) 0.0005

https://www.nationalgeographic.org/maps/united-states-regions/
https://www.nationalgeographic.org/maps/united-states-regions/
https://data.census.gov/cedsci
https://data.census.gov/cedsci
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they had cesarean deliveries (31.4% intervention, 31.4% 
control, p = 0.98).

Sub-group analysis
Among the participants randomized to the interven-
tion, 50,611 (83.9%) did not open any educational 
modules offered as part of the intervention and 50,241 
(83.4%) did not use the hospital-look up tool. Among 
those in the intervention group who reported a delivery 
hospital, 3,419 (57.8%) did not open any educational 
modules. There were no clear differences in the mean 
star ratings of hospitals chosen during pregnancy strat-
ified by the number of educational modules opened (0 
modules 2.62, 1 module 2.62, 2 modules 2.65, 3 + mod-
ules 2.54) (Table S5).

We conducted exploratory analyses on the differen-
tial impact of the intervention across several subgroups 
(Fig.  3). We hypothesized that participants with more 
resources and higher education would be more likely 

to respond to the intervention. Using median income 
of the zip code of residence as a proxy for resources 
and education, we did not observe any substantive dif-
ference in the impact of the intervention between par-
ticipants who lived in higher and lower education zip 
codes (p = 0.85).

Many hospitals did not report their cesarean rates, and 
therefore some participants had limited choice of hospi-
tals with a star rating when they used the hospital look-
up tool. This was less of an issue in the five states where 
we used state government data because hospitals were 
mandated to respond. The star rating differences between 
intervention and control groups were 0.47 stars for par-
ticipants living in these five states vs. 0.36 stars for the 
rest of the nation (test of interaction, p = 0.18).

To further understand the influence of hospital choice, 
we examined the relationship between the number of 
hospitals with a 3-star or higher rating nearby and the 
impact of the intervention (0.31 difference in star ratings 

Fig. 2 Cesarean-rate star ratings of hospitals selected by participants who reported hospital choices A. Choice of hospital reported during 
pregnancy (n = 5,931 intervention, n = 6,353 controls) B. Choice of hospital reported after delivery (n = 3,703 intervention, n = 3,808 controls)

*Hospitals were assigned star ratings based on their cesarean rates, with higher star ratings assigned to hospitals with lower cesarean rates. **If 
participants selected hospitals without star ratings, their hospitals were treated as one-star for the purposes of analysis
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between intervention and controls among participants 
with no hospitals with a 3 star or higher rating within 10 
miles, 0.36 for one hospital, 0.44 for more than one hos-
pital, test of interaction p = 0.03). Relatedly, we compared 
participants who had a choice between hospitals with dis-
parate star ratings (0.42 difference in star ratings between 
intervention and controls among participants where the 
maximum star rating is at least two stars greater than the 
minimum star rating among hospitals within 10 miles of 
the participant, 0.34 if this is not true, p = 0.25).

Finally, we wanted to see if the timing and context of 
patient recruitment relative to pregnancy made a differ-
ence in the effect of the intervention. We compared peo-
ple who were recruited while they were trying to become 
pregnant and therefore using the fertility app (0.40 dif-
ference in star ratings between intervention and controls 
among participants recruited through the fertility app) 
vs. already pregnant (0.36 difference if recruited through 
the pregnancy app, p = 0.40).

Discussion
Principal findings
This randomized trial was motivated by the hypothesis 
that making cesarean delivery data more interpretable 
and accessible would encourage and enable pregnant 
people to use these data in the selection of hospitals to 
deliver their babies. Participants subject to the interven-
tion were more likely to believe that cesarean rates were 

important in choosing a hospital and were more likely to 
select a hospital with a relatively low cesarean rate. How-
ever, there was no difference in participant likelihoods of 
having cesarean deliveries.

Our findings help inform the scientific literature on 
whether and how patients use publicly reported qual-
ity data to select a provider. With some notable excep-
tions in choices of nursing homes or health plans, prior 
reviews have highlighted that few patients are aware 
of publicly-reported quality data, and these data rarely 
impact provider  selections [34–37]. Our results support 
prior laboratory studies that patients are more likely to 
use quality data to inform their provider choices if the 
data are more interpretable (e.g., star ratings, simpli-
fied presentations, patient-friendly language) and if they 
understand how the information can impact their own 
care [23].

Clinical implications
The findings inform ongoing efforts to publicly report 
cesarean rate data, which are motivated by the goal of 
empowering pregnant people to make more informed 
delivery hospital selections. Our findings argue that sim-
plifying data presentation by using star ratings and more 
patient-friendly terminology increases usability and 
therefore the impact of these data. Because the interven-
tion encompassed many different components, we do not 
know which component was most important.

Fig. 3 Difference in Average Star Ratings for Hospitals Selected by Intervention and Controls During Pregnancy

Subgroup analyses p-values are based on the interaction term between the subgroup and the intervention in a multiple regression
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It is also important to emphasize that despite the inclu-
sion of the educational program in the intervention 
explaining that the choice of a low-cesarean rate hospi-
tal could reduce their personal risks of delivery by cesar-
ean, most participants in the intervention arm still did 
not believe this to be true. This belief will be a substantial 
barrier to influencing people’s delivery hospital choices 
that public reporting efforts alone cannot solve.

Additionally, despite a shift in hospital choices, we 
did not observe any difference in self-reported cesarean 
rates. This does not support the assumption underlying 
our study, and the rationale for public reporting of cesar-
ean section data by states and other groups in general, 
that if more people shift to lower cesarean-rate hospitals, 
the overall cesarean rates in the population will fall.

Research implications
Although there was a difference in the star ratings of hos-
pitals selected during pregnancy (on average chosen in 
the first trimester), this difference was only modest, and 
the difference in star ratings of hospitals actually used for 
delivery was smaller. This shift between hospital choice 
early in pregnancy and actual delivery might be attribut-
able to constraints based on proximity of the hospital or 
insurance. Further, only a minority of those randomized 
to the intervention engaged with the educational mod-
ules or hospital look up tool. Future research is needed 
to understand how to increase engagement in hospital 
cesarean rate data and what are the key barriers in using 
this information.

Strengths and limitations
This pragmatic clinical trial was able to recruit a large and 
diverse national study population of over 100,000 par-
ticipants using a mobile app. The intervention included 
a  simple, low-cost, innovative tool that gives pregnant 
people readily comprehensible and actionable informa-
tion. The intervention can be implemented relatively 
easily.

However, our results should be interpreted in the con-
text of several key limitations. First, response rates were 
low for all outcomes, particularly survey results, and we 
reported outcomes on only those who responded. Sec-
ond, the hospital data we used to create star ratings had 
limitations: the Leapfrog Group data lacked ratings for 
many hospitals, and the data were several years old at the 
time of the trial. However, when we limited the popula-
tion to those states with more complete data, the effect 
of the intervention was similar. Third, many participants 
had limited hospital choices and therefore could not act 
on the data provided in the intervention [39]. Many hos-
pitals had no data, more than a third of participants did 
not live within ten miles of a rated hospital, and almost 

half of participants did not live in zip codes within 10 
miles of a hospital with a 3-star rating or higher. Fourth, 
we had limited demographic data, so we are unsure of the 
representativeness of our study population across many 
categories, particularly race. The absence of race/ethnic-
ity data is particularly notable given the substantial racial 
inequities in maternal health [40]. Fifth, we do not have 
clinical data to determine for  which births in the study 
population a cesarean delivery was indicated. We also did 
not ask participants whether they electively chose to have 
cesarean sections, but this is quite rare (< 1%) and there-
fore unlikely to drive our findings [41]. The study was 
conducted in part during the COVID-19 pandemic, and 
it is unclear how the pandemic changed patients’ deliv-
ery plans [38]. Additionally, we recognize that patient 
hospital choice is driven by a myriad of other considera-
tions, including logistics, distance, continuity of care, and 
access to specialized services [42]. In this context, hos-
pital cesarean section rate data can only have a limited 
impact. Finally, the intervention combined both educa-
tional modules and a selection tool, and we do not know 
which of the components drove the differences observed.

Conclusions
In this randomized controlled trial of a large and diverse 
national study population, an intervention composed of 
educational modules, translations of hospital cesarean 
rates into patient-friendly star ratings, and an interactive 
tool to help select a delivery hospital increased the likeli-
hood that people would plan to deliver at hospitals with 
lower cesarean rates. However, there was no change in 
participants’ likelihood of having a cesarean delivery.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12884- 022- 05087-y.

Additional file 1: 

Acknowledgements
Not applicable.

Authors’ contributions
AM helped design the study and intervention, oversaw analyses and the 
interpretation of results, and engaged in both writing and critical review of the 
manuscript. AWolfberg participated in the of design the study and interven-
tion, interpretation of results, and editing the manuscript. NS participated 
in study design, provided resources, and engaged in critical revision of the 
manuscript. AP contributed to the design of the intervention and study, 
interpretation of analyses, and critical revision of the manuscript. AWeiseth 
participated in the of design the study and intervention, interpretation of 
results, and editing of the manuscript. AB was part of the Clinical Team at Ovia 
Health that ran the RCT in the Ovia Health apps, ensuring proper execution 
and adherence to the protocol and ensuring that the analyses and manuscript 
were aligned with how the trial was carried out. KN assisted with the design 
and implementation of the intervention, the extraction of the necessary data, 
and critical review of the manuscript. CN revised code for data cleaning and 
analysis, analyzed final data, and drafted the manuscript. JR assisted with 

https://doi.org/10.1186/s12884-022-05087-y
https://doi.org/10.1186/s12884-022-05087-y


Page 9 of 10Mehrotra et al. BMC Pregnancy and Childbirth          (2022) 22:759  

analyses and provided critical review of manuscript. DB contributed to the 
study design, technology build and design, content creation and review, and 
data architecture schema, and created the concept of star ratings for hospital 
choice. The author(s) read and approved the final manuscript.

Funding
The study was funded in part by Square Roots. Square Roots is a philanthropic 
organization focused on improving pregnancy health and wellness. Square 
Roots was not involved in the study design; the collection, analysis, and 
interpretation of data, the writing of the report, or the decision to submit the 
article for publication.

Availability of data and materials
All deidentified individual participant data analyzed for this manuscript along 
with data dictionaries, a statistical analysis plan, and analytic code may be 
available upon request. After publication, researchers may email the cor-
responding author. Valid requests may be fulfilled through online secure file 
transfer methods.

Declarations

Ethics approval and consent to participate
The trial was approved by the Institutional Review Board of the Harvard T.H. 
Chan School of Public Health and registered at clinicaltrials.gov (Registration: 
NCT02987803). All participants gave informed consent through their agree-
ments to the terms of use and privacy policy for the Ovia apps. A Data Safety 
Monitoring Board (DSMB) comprised of experts in the study content and 
statistical methods reviewed interim results in September 2020. All methods 
were carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
During the course of this project, authors Adam Wolfberg, Arianna Blaine, 
Katie Noddin, and Dani Bradley worked for Ovia Health, which may be using 
this intervention in their products moving forward. The other authors have no 
competing interests to declare.

Author details
1 Department of Health Care Policy, Harvard Medical School, 180 Longwood 
Ave, Boston, MA 02115, 617-432-3905, US. 2 Ovia Health, Boston, MA, US. 
3 Ariadne Labs, Harvard T.H. Chan School of Public Health, Boston, MA, US. 
4 Department of Obstetrics and Gynecology, Beth Israel Deaconess Medical 
Center, Boston, MA, US. 

Received: 4 April 2022   Accepted: 28 September 2022

References
 1. Cáceres IA, Arcaya M, Declercq E, et al. Hospital differences in cesarean 

deliveries in Massachusetts (US) 2004–2006: the case against case-mix 
artifact. PLoS ONE. 2013;8(3):e57817. https:// doi. org/ 10. 1371/ journ al. 
pone. 00578 17.

 2. Kozhimannil KB, Arcaya MC, Subramanian SV. Maternal clinical 
diagnoses and hospital variation in the risk of cesarean delivery: 
analyses of a National US Hospital Discharge Database. PLoS Med. 
2014;11(10):e1001745. https:// doi. org/ 10. 1371/ journ al. pmed. 10017 45.

 3. Witt WP, Wisk LE, Cheng ER, et al. Determinants of cesarean delivery in 
the U.S.: A lifecourse Approach. Matern Child Health J. 2015;19(1):84–93. 
https:// doi. org/ 10. 1007/ s10995- 014- 1498-8.

 4. Caughey AB, Cahill AG, Guise J-M, Rouse DJ. Safe prevention of the 
primary cesarean delivery. Am J Obstet Gynecol. 2014;210(3):179–93. 
https:// doi. org/ 10. 1016/j. ajog. 2014. 01. 026.

 5. Deneux-Tharaux C, Carmona E, Bouvier-Colle M-H, Bréart G. Postpartum 
maternal mortality and cesarean delivery. Obstet Gynecol. 2006;108(3 Pt 
1):541–8. https:// doi. org/ 10. 1097/ 01. AOG. 00002 33154. 62729. 24.

 6. Liu S, Liston RM, Joseph KS, et al. Maternal mortality and severe morbid-
ity associated with low-risk planned cesarean delivery versus planned 
vaginal delivery at term. CMAJ Can Med Assoc J J Assoc Medicale Can. 
2007;176(4):455–60. https:// doi. org/ 10. 1503/ cmaj. 060870.

 7. Truven Health Analytics. The Cost of Having a Baby in the United States; 
2013. https:// dev- catal yst- for- payme nt- reform. panth eonsi te. io/ wp- conte 
nt/ uploa ds/ 2017/ 04/ 2013- The- Cost- of- Having- a- Baby- in- the- United- 
States. pdf. Accessed April 6, 2018.

 8. Gourevitch RA, Mehrotra A, Galvin G, Karp M, Plough A, Shah NT. How do 
pregnant women use quality measures when choosing their obstetric 
provider? Birth Berkeley Calif. 2017;44(2):120–7. https:// doi. org/ 10. 1111/ 
birt. 12273.

 9. Cáceres IA, Arcaya M, Declercq E, Belanoff CM, Janakiraman V, Cohen B, 
et al. Hospital Differences in Cesarean Deliveries in Massachusetts (US) 
2004–2006: The Case against Case-Mix Artifact. PLoS ONE. 2013;8(3): 
e57817. https:// doi. org/ 10. 1371/ journ al. pone. 00578 17.

 10. Safrin S. The c-section epidemic: What’s tort reform got to do with it. 
Univ Ill Law Rev. 2018;2018(2):747–80.

 11. Suresh M, Seo M, Harder B. Proposed Methodology for Best Hospitals 
for Maternity. U.S. News. September 10, 2021. Accessed September 24, 
2021. https:// health. usnews. com/ health- news/ blogs/ second- opini on/ 
artic les/ 2021- 09- 10/ propo sed- metho dology- for- best- hospi tals- for- 
mater nity.

 12. Alabama Center for Health Statistics. Alabama Vital Statistics: 2015, 
Table 5: Births by methods of delivery and hospital of occurrence with 
cesarean section and vaginal birth after cesearen rates Alabama, 2015. 
https:// www. alaba mapub liche alth. gov/ healt hstats/ assets/ AVS20 15. pdf

 13. California Maternal Quality Care Collaborative. California Maternal 
Data Center. 2017. https:// www. cmqcc. org/ mater nal- data- center/ calif 
ornia- mdc.

 14. Massachusetts Department of Public Health. Massachusetts Births 
2015, Table 18: Cesarean Deliveries and Vaginal Births after Cesarean 
(VBACs) by Licensed Maternity Facility, All Mothers, Massachusetts: 
2015. https:// www. mass. gov/ doc/ 2015- birth- report-0

 15. Vermont Department of Health. Vermont 2015 Vital Statistics, Table 
B-18: Type of Delivery by Hospital of Birth. https:// www. healt hverm ont. 
gov/ sites/ defau lt/ files/ docum ents/ pdf/ Vital% 20Sta tisti cs% 20Bul letin% 
202015. pdf

 16. West Virginia Department of Health and Human Resources. West 
Virginia Vital Statistics 2014, Table 11: Births by Method of Delivery by 
Facility of Occurrence West Virginia, 2014. http:// www. wvdhhr. org/ 
bph/ hsc/ pubs/ vital/ 2014/ 2014V ital. pdf

 17. Maurer M, Firminger K, Dardess P, Ikeler K, Sofaer S, Carman KL. Under-
standing consumer perceptions and awareness of hospital-based 
maternal care quality measures. Health Serv Res. 2016;51:1188–211. 
https:// doi. org/ 10. 1111/ 1475- 6773. 12472.

 18. Declercq E, Sakala M, Corry SA, Herrlich A. Listening to Mothers III: Preg-
nancy and Birth. New York: Childbirth Connection

 19. Faber M, Bosch M, Wollersheim H, Leatherman S, Grol R. Public report-
ing in health care: how do consumers use quality-of-care information? 
A systematic review Med Care. 2009;47(1):1–8. https:// doi. org/ 10. 1097/ 
MLR. 0b013 e3181 808bb5.

 20. Hibbard JH, Berkman N, McCormack LA, Jael E. The impact of a CAHPS 
report on employee knowledge, beliefs, and decisions. Med Care Res 
Rev. 2002;59(1):104–16. https:// doi. org/ 10. 1177/ 10775 58702 05900 106.

 21. Gourevitch RA, Mehrotra A, Galvin G, Plough AC, Shah NT. Does com-
paring cesarean delivery rates influence women’s choice of obstetric 
hospital? Am J Manag Care. 2019;25(2):e33-e38. ajmc.com/link/3688.

 22. Peters E, Dieckmann N, Dixon A, Hibbard JH, Mertz CK. Less is more 
in presenting quality information to consumers. Med Care Res Rev. 
2007;64(2):169–90. https:// doi. org/ 10. 1177/ 10775 58707 06400 20301.

 23. Uhrig JD, Harris-Kojetin L, Bann C, Kuo TM. Do content and format affect 
older consumers’ use of comparative information in a Medicare health 
plan choice? Results from a controlled experiment. Med Care Res Rev. 
2006;63(6):701–18. https:// doi. org/ 10. 1177/ 10775 58706 293636.

 24. Baby Friendly USA. About Us. Accessed September 26, 2021. https:// 
www. babyf riend lyusa. org/ about/.

 25. Trueba G, Contreras C, Velazco MT, Lara EG, Martínez HB. Alternative 
strategy to decrease cesarean section: support by doulas during labor. J 
Perinat Educ. 2000;9(2):8–13. https:// doi. org/ 10. 1624/ 10581 2400X 87608.

https://doi.org/10.1371/journal.pone.0057817
https://doi.org/10.1371/journal.pone.0057817
https://doi.org/10.1371/journal.pmed.1001745
https://doi.org/10.1007/s10995-014-1498-8
https://doi.org/10.1016/j.ajog.2014.01.026
https://doi.org/10.1097/01.AOG.0000233154.62729.24
https://doi.org/10.1503/cmaj.060870
https://dev-catalyst-for-payment-reform.pantheonsite.io/wp-content/uploads/2017/04/2013-The-Cost-of-Having-a-Baby-in-the-United-States.pdf
https://dev-catalyst-for-payment-reform.pantheonsite.io/wp-content/uploads/2017/04/2013-The-Cost-of-Having-a-Baby-in-the-United-States.pdf
https://dev-catalyst-for-payment-reform.pantheonsite.io/wp-content/uploads/2017/04/2013-The-Cost-of-Having-a-Baby-in-the-United-States.pdf
https://doi.org/10.1111/birt.12273
https://doi.org/10.1111/birt.12273
https://doi.org/10.1371/journal.pone.0057817
https://health.usnews.com/health-news/blogs/second-opinion/articles/2021-09-10/proposed-methodology-for-best-hospitals-for-maternity
https://health.usnews.com/health-news/blogs/second-opinion/articles/2021-09-10/proposed-methodology-for-best-hospitals-for-maternity
https://health.usnews.com/health-news/blogs/second-opinion/articles/2021-09-10/proposed-methodology-for-best-hospitals-for-maternity
https://www.alabamapublichealth.gov/healthstats/assets/AVS2015.pdf
https://www.cmqcc.org/maternal-data-center/california-mdc
https://www.cmqcc.org/maternal-data-center/california-mdc
https://www.mass.gov/doc/2015-birth-report-0
https://www.healthvermont.gov/sites/default/files/documents/pdf/Vital%20Statistics%20Bulletin%202015.pdf
https://www.healthvermont.gov/sites/default/files/documents/pdf/Vital%20Statistics%20Bulletin%202015.pdf
https://www.healthvermont.gov/sites/default/files/documents/pdf/Vital%20Statistics%20Bulletin%202015.pdf
http://www.wvdhhr.org/bph/hsc/pubs/vital/2014/2014Vital.pdf
http://www.wvdhhr.org/bph/hsc/pubs/vital/2014/2014Vital.pdf
https://doi.org/10.1111/1475-6773.12472
https://doi.org/10.1097/MLR.0b013e3181808bb5
https://doi.org/10.1097/MLR.0b013e3181808bb5
https://doi.org/10.1177/107755870205900106
https://doi.org/10.1177/10775587070640020301
https://doi.org/10.1177/1077558706293636
https://www.babyfriendlyusa.org/about/
https://www.babyfriendlyusa.org/about/
https://doi.org/10.1624/105812400X87608


Page 10 of 10Mehrotra et al. BMC Pregnancy and Childbirth          (2022) 22:759 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 26. McGrath SK, Kennell JH. A randomized controlled trial of continuous 
labor support for middle-class couples: effect on cesarean delivery rates. 
Birth. 2008;35(2):92–7. https:// doi. org/ 10. 1111/j. 1523- 536X. 2008. 00221.x.

 27. U.S. Census Bureau; American Community Survey, 2019 American Com-
munity Survey 5-Year Estimates, S1903; generated by Carter Nakamoto; 
using data.census.gov; <https:// data. census. gov/ cedsci/>; (15 July 2021).

 28. U.S. Census Bureau; American Community Survey, 2019 American Com-
munity Survey 5-Year Estimates, S1501; generated by Carter Nakamoto; 
using data.census.gov; <https:// data. census. gov/ cedsci/>; (15 July 2021).

 29. U.S. Census Bureau. 2010 Urban Area to ZIP Code Tabulation Area (ZCTA) 
Relationship File; 2020. https:// www. census. gov/ geogr aphies/ refer ence- 
files/ 2010/ geo/ relat ionsh ip- files. html. Accessed July 29, 2021.

 30. Martin JA, Hamilton BE, Osterman MJK, Driscoll AKD. Births: Final Data 
for 2019. National Vital Statistics Reports. 2021;70(2):1–51. https://dx.doi.
org/https:// doi. org/ 10. 15620/ cdc: 100472

 31. U.S. Census. Fertility of Women in the United States: 2018, Table 7: House-
hold Income and Income per Household Member Among Women with 
a Birth in the Past Year, by Marital Status: 2017. https:// www. census. gov/ 
data/ tables/ 2018/ demo/ ferti lity/ women- ferti lity. html

 32. Ely DM, Hamilton BE. Trends in fertility and mother’s age at first birth 
among rural and metropolitan counties: United States, 2007–2017. NCHS 
Data Brief. 2018;323:1–8. https:// www. cdc. gov/ nchs/ produ cts/ datab riefs/ 
db323. htm

 33. Ingram DD, Franco SJ. 2013 NCHS urban–rural classification scheme for 
counties. Vital Health Stat. 2014;2(166):1-73. https:// www. cdc. gov/ nchs/ 
data/ series/ sr_ 02/ sr02_ 166. pdf

 34. Zhao X. Competition, information, and quality: Evidence from nursing 
homes. J Health Econ. 2016;49:136–52. https:// doi. org/ 10. 1016/j. jheal eco. 
2016. 05. 004.

 35. Werner RM, Norton EC, Konetzka RT, Polsky D. Do consumers respond 
to publicly reported quality information? Evidence from nursing homes. 
J Health Econ. 2012;31(1):50–61. https:// doi. org/ 10. 1016/j. jheal eco. 
2012. 01. 001.

 36. Reid RO, Deb P, Howell BL, Shrank WH. Association Between Medicare 
Advantage Plan Star Ratings and Enrollment. JAMA. 2013;309(3):267–74. 
https:// doi. org/ 10. 1001/ jama. 2012. 173925.

 37. Mukamel DB, Mushlin AI. The impact of quality report cards on choice of 
physicians, hospitals, and HMOs: a midcourse evaluation. Jt Comm J Qual 
Improv. 2001;27(1):20–7. https:// doi. org/ 10. 1016/ s1070- 3241(01) 27003-5.

 38. Gildner TE, Thayer ZM. Birth plan alterations among American women in 
response to COVID-19. Health Expect. 2020;23(4):969–71. https:// doi. org/ 
10. 1111/ hex. 13077.

 39. March of Dimes. Nowhere to Go: Maternity Care Deserts Across the US 
(2020 Report). Accessed September 26, 2021. https:// www. march ofdim 
es. org/ resea rch/ mater nity- care- deser ts- report. aspx.

 40. Howell EA, Egorova NN, Balbierz A, Zeitlin J, Hebert PL. Site of delivery con-
tribution to black-white severe maternal morbidity disparity. Am J Obstet 
Gynecol. 2016;215(2):143–52. https:// doi. org/ 10. 1016/j. ajog. 2016. 05. 007.

 41. ACOG Committee Opinion No. 761: Cesarean Delivery on Maternal 
Request. Obstet Gynecol. 2019;133(1):e73–7. https:// doi. org/ 10. 1097/ 
AOG. 00000 00000 003006.

 42. Dehbarez NT, Lou S, Uldbjerg N, Møller A, Gyrd-Hansen D, Søgaard R. 
Pregnant women’s choice of birthing hospital: a qualitative study on 
individuals’ preferences. Women and Birth. 2018;31(6):e389–94.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1523-536X.2008.00221.x
https://data.census.gov/cedsci/
https://data.census.gov/cedsci/
https://www.census.gov/geographies/reference-files/2010/geo/relationship-files.html
https://www.census.gov/geographies/reference-files/2010/geo/relationship-files.html
https://doi.org/10.15620/cdc:100472
https://www.census.gov/data/tables/2018/demo/fertility/women-fertility.html
https://www.census.gov/data/tables/2018/demo/fertility/women-fertility.html
https://www.cdc.gov/nchs/products/databriefs/db323.htm
https://www.cdc.gov/nchs/products/databriefs/db323.htm
https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf
https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf
https://doi.org/10.1016/j.jhealeco.2016.05.004
https://doi.org/10.1016/j.jhealeco.2016.05.004
https://doi.org/10.1016/j.jhealeco.2012.01.001
https://doi.org/10.1016/j.jhealeco.2012.01.001
https://doi.org/10.1001/jama.2012.173925
https://doi.org/10.1016/s1070-3241(01)27003-5
https://doi.org/10.1111/hex.13077
https://doi.org/10.1111/hex.13077
https://www.marchofdimes.org/research/maternity-care-deserts-report.aspx
https://www.marchofdimes.org/research/maternity-care-deserts-report.aspx
https://doi.org/10.1016/j.ajog.2016.05.007
https://doi.org/10.1097/AOG.0000000000003006
https://doi.org/10.1097/AOG.0000000000003006

	Impact of an educational program and decision tool on choice of maternity hospital: the delivery decisions randomized clinical trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Clinical Trial Registration: 

	Background
	Methods
	Trial platform and recruitment
	Intervention
	Categorizing hospitals into star ratings based on cesarean rates
	Outcomes
	Demographic and other data
	Analysis

	Results
	Choice of hospital during pregnancy
	Choice of hospital reported after delivery
	Secondary outcomes
	Sub-group analysis

	Discussion
	Principal findings
	Clinical implications
	Research implications
	Strengths and limitations
	Conclusions

	Acknowledgements
	References


