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Social media platforms are becoming a key resource for health research and

program delivery. These platforms offer multiple avenues to engage diverse populations

using organic and paid content. Outreach to and recruitment of participants into

population-based studies are important features of these platforms. We examine the

potential benefit of social media for recruitment into Early Check, a statewide research

program in North Carolina offering expanded newborn screening for two rare conditions

that are not currently part of regular newborn screening in the state. In addition

to using traditional outreach strategies—such as direct mail—we implemented social

media strategies, including organic content posted to the Early Check Facebook and

Twitter accounts and paid advertising on Facebook and Instagram between March and

September 2019. During that time, we posted 95 organic posts on Facebook, which

garnered 50,895 impressions and 373 link clicks to visit the sign-up portal and 94 posts

on Twitter, with 46,638 impressions and 78 portal link clicks. We ran five paid social

media ad campaigns using Facebook and Instagram, with 1,042,346 impressions total

and 6,918 link clicks. The paid and organic strategies that resulted in the largest number

of link clicks on ads featured images of pregnant women, relevant facts and content on

key dates that might be motivating to pregnant women or new mothers, such as the first

day of spring. In total, 3,298 women completed the study screener and were eligible to

enroll (17.5% from paid social, 82.5% from other sources) and 2,375 enrolled (9.9% paid

social, 90.1% other sources). A time series regression revealed that, on average, ∼15

women enrolled in Early Check per day, excluding the effect of paid ads. On average, we

observed 3.5 additional daily enrollments with paid social media ads, with 7 additional

women enrolled in Early Check for every 2 days that we ran ads. Early Check is the first

study to use paid and organic social media content to complement traditional outreach

strategies in a recruitment effort focused on accelerating understanding of rare diseases

and treatments for newborns.
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INTRODUCTION

Newborn screening (NBS) allows healthcare providers to
identify conditions in newborns before symptoms emerge, which
facilitates early treatment initiation to prevent morbidity and
mortality. The Department of Health and Human Services
Advisory Committee on Heritable Disorders in Newborns and
Children (ACHDNC) recommends that NBS programs use a
uniform screening panel that includes 35 core and 26 secondary
disorders (Advisory Committee on Heritable Disorders in
Newborns and Children, 2019). For a condition to be included
in this screening panel for US states, it must be a significant
public health concern, have an accurate and cost-effective test,
have existing efficacious treatments, and be a condition that
states are able to screen for and conduct follow-up. Although
the uniform screening panel includes conditions that meet
these criteria, some rare conditions may benefit from early
screening. Because they are rare, researchers are unable to
identify a sufficient sample of newborns to determine benefits
of presymptomatic identification and generate evidence of
effectiveness (Bailey and Gehtland, 2015).

Early Check is a research study that seeks to close gaps in the
NBS evidence base so that rare conditions in newborns may meet
the ACHDNC requirements. It offers voluntary and expanded
NBS beyond what newborns typically receive from the North
Carolina (NC) State Laboratory of Public Health. At the time
of this study, spinal muscular atrophy and fragile X syndrome
are the two additional conditions offered under the Early Check
protocol. The project seeks to address a core translational science
challenge related to establishing the potential risks and benefits
of early identification and presymptomatic treatment for babies
with rare health conditions.

Obtaining parental permission for voluntary and expanded
NBS research conducted on residual dried blood spots presents
unique recruitment challenges. A majority of pregnant women
or those who have recently given birth in the US receive little
to no education about NBS (Davis et al., 2006; Tluczek et al.,
2009; Botkin et al., 2016), despite evidence that public support for
NBS programs is likely to be enhanced by increased transparency
(Botkin et al., 2016). Parents prefer to learn about NBS and
related research studies from their healthcare provider either in
the third trimester or within the infant’s first few days of life
(Davis et al., 2006; Tluczek et al., 2009). However, healthcare
providers expressed concerns about aligning NBS education
with their current practice given competing demands and time
constraints (Davis et al., 2006; Faulkner et al., 2006). Despite
these issues, most parents are willing to permit the use of their
children’s NBS samples for research, provided their permission is
obtained prior to such use (Davey et al., 2005; Tarini, 2011; Yeung
et al., 2016). The challenge is how to reach and engage parents to
gain permission for using their children’s NBS samples to be used
in research.

Early Check uses multiple strategies tomaximize outreach and
recruitment into the study (Bailey et al., 2019). Communication
strategies include traditional outreach via mailings on NC
Department of Public Health letterhead with an accompanying
Early Check flier sent to women within 5 days of giving birth,

emails containing the letter, and flier sent to women for whom
an email address is available, participation in conferences that
pregnant women or new mothers are likely to attend, and email
blasts to professional organizations to raise awareness among
professionals who serve pregnant women and new mothers.

Social media is also an important part of Early Check outreach
and recruitment. Social media strategies include organic content
posted to Early Check’s Facebook and Twitter accounts, paid
advertising on Facebook and Instagram, and engagement with
social media influencers in NC who are popular among pregnant
women and mothers. Influencers are asked to post organic
content provided by the Early Check team to their social media
accounts or to collaborate on a blog post.

Organic and paid social media content, primarily using
Facebook, have been used successfully in areas related to NBS
to raise awareness and engage and recruit participants for health
research, indicating their use as a promising recruitment strategy.
For example, Platt et al. (2013) used Facebook to raise awareness
about a biobank of NBS dried blood spots. Over their 26-day
ad campaign, nearly 780,000 Michigan residents saw ads an
average of 25.8 times. Paid social media ads also have been used
successfully to recruit pregnant women into a randomized trial
(Adam et al., 2016) or online survey (Arcia, 2014), yielding a
recruitment rate of 25 recruits over 26 days of social media ads
(1.0 enrollment per day) and 230 recruits over 128 days of social
media ads (1.8 enrollments per day), respectively. Additionally,
parents of children with rare health conditions, such as pediatric
cancer, also appear amendable to recruitment via social media
ads, with 67 recruits over 73 social media ad days (0.9 enrollments
per day; Akard et al., 2015). Moreover, these and other studies
indicate that social media is a cost-effective recruitment strategy
(Farina-Henry et al., 2015; Burke-Garcia and Mathew, 2017;
Dyson et al., 2017).

Organic social media content has the advantage of being
free; however, organic reach on Facebook has been steadily
declining since 2012 because of changes in algorithms designed
to prioritize posts from family and friends (Entis, 2014;
Elder, 2016; Iqbal, 2018; Bernazzani, 2019). These changes
make it increasingly difficult to reach key audiences with
organic content. Although organic content may have lower
reach, marketing experts suggest that organic content is key
for developing a brand and recommend using paid and
organic strategies to maximize campaign reach and engagement
(Dane, 2018; The Manifest, 2018).

Present Study
Early Check extends previous research because it is the first
study to use paid and organic social media on multiple platforms
(Facebook, Instagram, and Twitter) and other strategies to
conduct outreach and recruitment for expanded and voluntary
NBS. Additionally, our analytic approach uses time series
regression analysis to demonstrate the impact of paid social
media ads by modeling the temporal effect of ads on study
enrollment. This approach extends the findings of previous
studies that primarily used descriptive statistics to document the
success of paid social media ads. Our key hypothesis is that the
addition of paid social media advertisements to the Early Check
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recruitment channels will result in a significant increase in the
number of study enrollments beyond those obtained through
direct mail, email, conferences, influencer outreach, and all other
outreach channels.

METHODS

The aim of all Early Check outreach is to recruit prenatal and
postnatal women to enroll their child in the study through a
parental permission portal website. Residents of NC or South
Carolina (SC) are eligible to provide permission for their infants
if they are either (1) a woman who is at least 13 weeks pregnant
and planning to give birth in NC, or (2) the mother of a newborn
4 weeks or younger who was born in NC. Pregnant women can
enroll their child in the research study prenatally, but testing
occurs after the baby is born using the same blood spot collected
as part of the state’s standard NBS program. All Early Check
communication channels direct women to the online Early
Check portal where they can learn more and provide permission.
The present study focuses on Early Check’s paid and organic
Facebook, Instagram, and Twitter content, and subsequent Early
Check enrollments over a 168-day period (March 20, 2019
through September 3, 2019).

Organic Social Media Content
Organic social media outreach facilitated the sharing and tagging
of Early Check-branded social media content on Facebook and
Twitter to (1) educate expectant and recent mothers about the
significance of expanded NBS and Early Check’s involvement in
this mission, and (2) encourage women to learn more about the
study and consider enrolling their newborns by visiting the Early
Check portal. We developed an organic social media strategy
using key insights from formative research conducted with
English-speaking or Spanish-speaking women who recently gave
birth in seven urban and rural NC counties. The organic social
media content produced for Facebook and Twitter included a
diversity of calls to action (e.g., “help spread the word,” “sign
up”); emotional appeals (e.g., “anything for my baby,” “you
can make a difference”); and engaging videos, graphics, and
images displaying racially/ethnically diverse expectant mothers,
expectant couples, and newborns to capture the attention of
eligible expectant and new mothers. Some posts were translated
into Spanish to appeal to Spanish-speaking mothers. Tagging
and sharing of organic content represented a form of snowball
sampling in which the tagged expectant or new mother would be
notified when tagged, with the intent that once alerted, she would
view the video and if interested visit the portal. We also leveraged
Early Check partner networks through organic social media posts
to increase reach and engagement.

Paid Social Media Advertising
Paid social media advertising included ads posted to Facebook
and Instagram that featured similar text and image content as
organic content, adapting content from organic posts with the
greatest engagement, such as likes, shares, and comments. We
designed paid advertising to direct pregnant women and new
mothers to the Early Check portal with various calls to action,

including “sign up,” “join,” and “learn more.” Paid ads featured
giveaways in anticipation of key holidays, such as Mother’s
Day, posted to the organic social media outlets to encourage
increased engagement with these strategies. Ads were delivered
on Facebook and Instagram through four different ad sets,
each targeting a different language based on user preference
settings (English, Spanish) or platform (Facebook, Instagram).
We used Facebook’s campaign budget optimization tool, which
meant that the total daily spend was distributed across all
ad sets in a way that would provide the best results at the
lowest cost. All ad sets were optimized in relation to Early
Check eligibility using a Facebook pixel. This means a custom
conversion event was placed in the back end of the Early
Check portal to keep record of users who screened eligible,
and Facebook used this information to distribute ads to similar
users who were likely to be eligible. Over the 5 campaigns,
79.3% ($190.29 per day on average) of the budget was allocated
to Facebook ads and the remaining 20.7% ($49.66 per day on
average) went toward placing ads on Instagram. Aside from
language and platform, all ad sets used the following targeting
criteria on Facebook Ads Manager: location of residence (NC),
age (18–49 years), gender (female), demographics (new parents
[0–12 months]), and interests (pregnancy, Pregnancy & Birth
[magazine]). Demographic and interest criteria were added to the
targeting query with a Boolean OR operator, so that new moms
who also had pregnancy-related interests were not excluded.
Additionally, we selected the option to expand our targeting
to reach more people, which allowed Facebook to extrapolate
our targeting keywords to distribute ads to users who were
likely to be interested and eligible based on similar interests or
characteristics. Instagram ads appeared on Instagram feed and
Facebook ads appeared on Facebook News Feed, Marketplace,
Right Column, Messenger Inbox, Stories, Messenger Stories,
Instant Articles, and Audience Network—third-party apps and
sites where Facebook posts advertising content.

Early Check Enrollment Process
Individuals who clicked links on organic social media posts
and paid social media ads proceeded directly to the Early
Check portal, consistent with other Early Check recruitment
strategies. Upon reaching the portal, the user began the consent
process, which we termed “parental permission” because the
parents grant permission on behalf of their newborns to enroll.
Potential participants watched a short video about Early Check
and then answered a series of questions to determine eligibility.
Eligible users then proceeded through the Early Check consent
information. Finally, users were asked if they wanted to enroll
their infants in Early Check, which involved setting up an account
and providing an electronic signature for their newborn’s blood
spot to be screened for spinal muscular atrophy and fragile
X syndrome.

Measures
The primary outcome is the number of Early Check enrollments
gathered from Early Check portal records. In addition to
presenting overall enrollments, we aggregated the number of
enrollments per day over the analysis period.
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We also report the number of women who screened eligible
by recruitment strategy, contrasting those who visited the portal
by clicking on a paid social media ad with those who arrived
at the portal through any other means, including direct mail,
email outreach, organic social media, conference attendance,
influencer outreach, word of mouth, or online search. The total
number of women who screened eligible is an estimate based
on Google Analytics data from the Early Check permissions
portal. Specifically, we used unique visits to the page immediately
following the eligibility screener as a metric. This estimate does
not account for women who completed the screener and were
eligible but closed their browsers without continuing to the next
screen. The number of women who screened eligible from paid
social media was calculated based on conversion tracking data
collected from women who clicked through to the portal from
an ad. The number of women who screened eligible and were
recruited from all other sources was estimated by subtracting
the number of women who screened eligible through paid social
media from the total.

Secondary outcomes included the following key performance
indicators to assess performance of and engagement with organic
and paid social media content: number of impressions (the
number of unique views of social media content), reach (the
number of individual users reached by ads [metric is not provided
by Twitter]), link clicks (clicks on social media content that
directed participants to the permission portal), and link click-
through rate (the ratio of link clicks to impressions). We used
impressions and reach as indicators of performance of social
media content and link clicks as an indicator of engagement with
content. Organic and paid posts with the largest number of link
clicks were considered “top posts” for driving the most traffic to
the Early Check portal.

Demographics collected to describe the sample of women
who enrolled their newborns in Early Check during the
study period included permission timing, state of residence,
preferred language, race, and ethnicity. These data were gathered
through the Early Check portal during the eligibility screening
process. Permission timing is a derived variable computed by
comparing a newborn’s date of birth to the date enrolled
in Early Check as follows: enrollments on or after the
newborn’s date of birth were coded as postnatal; otherwise
coded as prenatal. State of residence was gathered from the
contact information that women provided when enrolling their
newborns, and consistent with the study’s eligibility criteria
it was restricted to either NC or SC. Preferred language,
race, and ethnicity were self-reported measures included in
the portal.

Analysis
We used descriptive statistics to describe the demographic

characteristics of women who enrolled in Early Check during the

study period (168 days) and the number of people who screened
eligible and enrolled in Early Check via paid social media as

compared with all other sources, including direct mail, email
outreach, organic social media, conference attendance, influencer
outreach, word of mouth, or online search (data for organic social

media could not be separated out from other sources). We also
report key performance indicators for organic and paid social
media content overall and for top-performing posts based on
posts with the largest number of link clicks.

To test the effect of our paid social media ads relative to
all other recruitment strategies, we conducted a time series
regression analysis predicting daily Early Check enrollment rates
(Bhaskaran et al., 2013). Our model included parameters to
test whether enrollment rates changed over time and the effect
of running paid social media ads on the number of daily
enrollments. We used a dummy-coded variable to indicate what
days paid social media ads were in the field (i.e., 1= paid ads, 0=
no paid ads). Combined, we ran social media ads for a total of 50
days distributed over the 168-day study period in five campaigns.

Because the outcome in this analysis is a count (enrollments
per day), we used Poisson regression to avoid violating the
normal distribution assumption characteristic of standard
ordinary least squares (OLS) regression (Agresti, 2002;
Ballinger, 2004; Bernal et al., 2017). Further, because our
observations are a function of time, they are unlikely to be
independent—with daily enrollments closer together in time
likely to be more similar than enrollments farther apart (i.e.,
autocorrelation). Seasonal patterns in longitudinal data also
can cause irregular error variance (i.e., heteroscedasticity). If
present, autocorrelation and heteroscedasticity can produce
biased results unless steps are taken to adjust for these in the
modeling approach (Cohen et al., 2003).

We conducted diagnostic tests to determine whether such
adjustments would be needed before fitting our final model,
finding evidence of autocorrelation and inconclusive results
concerning heteroscedasticity. To test for the presence of
autocorrelation, we conducted Cumby-Huizinga tests (Cumby
andHuizinga, 1992) and found evidence of lag-3 autocorrelation,
χ
2(1) = 7.243, p = 0.007. To test for heteroscedasticity,

we conducted White-Koenker (W-K; White, 1980; Koenker,
1981) and Breusch-Pagan/Godfrey/Cook-Weisberg tests (BPG;
Godfrey, 1978; Breusch and Pagan, 1979; Cook and Weisberg,
1983). Whereas, the W-K test was not statistically significant,
χ
2(1) = 3.42, p = 0.064, the BPG test provided evidence of

heteroscedasticity, χ2(1)= 4.26, p= 0.039. Given the conflicting
results from the heteroscedasticity diagnostics, we proceeded
with the analysis as though the assumption of constant error
variance had been violated. With this in mind, we used a
combination of model specification and estimation methods that
are robust against violations to the assumptions of independent
errors and constant error variance.

To adjust for heteroscedasticity and autocorrelation, we fit
the model with Newey-West standard errors assuming lag-3
autocorrelation. To control for seasonality, we included two
sets of Fourier terms—pairs of sine and cosine functions—
with a 7-day weekly periodicity in the final model (Yanovitzky
and Vanlear, 2008; Bhaskaran et al., 2013). We also included
dummy variables in the model to control for major holidays
that fell within the analysis time period, such as Easter Sunday,
Memorial Day, IndependenceDay, LaborDay,Mother’s Day, and
Father’s Day.
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TABLE 1 | Demographic characteristics of women who enrolled newborns in

Early Check from March 20, 2019 through September 3, 2019 (N = 2,375).

n %

Permission timing

Postnatal 2,212 93.1

Prenatal 163 6.9

State of residence

North Carolina 2,323 97.8

South Carolina 52 2.2

Preferred language

English 2,358 99.3

Spanish 17 0.7

Racea

American Indian or Alaskan Native 37 1.6

Asian 245 10.3

Black or African American 275 11.6

Native Hawaiian or Pacific Islander 5 0.2

White 1,940 81.7

Did not report 56 2.4

Ethnicity

Hispanic or Latino 230 9.7

Not Hispanic or Latino 1,949 82.1

Did not report 196 8.2

aPercentages by racial group do not sum to 100% because participants could indicate

more than one race.

RESULTS

Demographic characteristics of women who enrolled their
newborns in Early Check during the study period (168 days) are
shown in Table 1. A large majority enrolled postnatally (93.1%),
lived in NC (97.8%), and reported their preferred language
as English (99.3%). The average age was 31.56 (SD = 5.50).
The sample was primarily White (81.7%), followed by Black or
African American (11.6%), Asian (10.3%), American Indian or
Alaskan Native (1.6%), and Native Hawaiian or Pacific Islander
(0.2%). A majority of women who enrolled did not report
educational attainment (86.0%). Of those who reported their
education (n = 332), a majority reported having a bachelor’s
degree or higher educational attainment (69.6%).

Organic Social Media Performance and
Engagement
Weused reach, impressions, and link clicks to assess performance
and engagement with Early Check social media content, as
shown in Table 2. Organic Facebook posts reached 31,136 users:
29,472 with Facebook English-language posts and 1,664 with
Facebook Spanish-language posts. The organic Twitter English
posts garnered a total of 46,638 impressions: 44,410 from Twitter
English posts and 2,228 from Twitter Spanish posts. In terms of
engagement, organic social media posts resulted in 451 total link
clicks, with 364 clicks on Facebook English posts (1.2% of people
who saw the posts clicked on the link), 9 clicks on Facebook
Spanish posts (0.5% of people who saw the posts clicked on the

TABLE 2 | Overall performance for paid and organic social media.

Impressions

(n)

Reach

(n)

Link clicks

(n)

Link

click-through

rate (%)

Paid social media

Facebook 866,631 172,856 5,902 0.7

English 722,012 147,034 4,948 0.7

Spanish 144,619 30,998 954 0.7

Instagram 175,715 63,162 1,016 0.6

English 158,243 54,843 967 0.6

Spanish 17,472 9,788 49 0.3

Organic social media

Facebook 50,895 31,136 373 0.7

English 47,723 29,472 364 0.8

Spanish 3,172 1,664 9 0.3

Twitter 46,638 – 78 0.2

English 44,410 – 70 0.2

Spanish 2,228 – 8 0.4

Link Click-Through Rate = ratio of link clicks to impressions, expressed as a percentage.

Twitter does not provide data on reach. Paid reach is based on unique viewers, with some

viewers having the potential to see ads in multiple languages.

link), 70 clicks on Twitter English posts, and 8 clicks on Twitter
Spanish posts (percentages are not reported because Twitter does
not provide reach data).

Top posts for organic social media were defined as those that
had the most engagement in the form of link clicks, driving the
most traffic to the Early Check portal, as shown in Figure 1.
The top Facebook English-language post reached a total of 4,980
individual users and resulted in 58 link clicks (1.2% of people
who saw the post clicked the link). The top Facebook Spanish-
language post reached a total of 235 individual users and resulted
in 1 link click (0.4% of people who saw the post clicked the link).
The top Twitter English-language post garnered a total of 2,765
impressions and resulted in 16 link clicks.

Paid Social Media Performance and
Engagement
The Facebook and Instagram ads used to recruit new and
expectant mothers to sign up for Early Check reached 205,589
users total: 147,034 with Facebook English-language ads, 54,843
with Instagram English-language ads, 30,998 with Facebook
Spanish-language ads and 9,788 with Instagram Spanish-
language ads. In terms of engagement, ads resulted in 6,918 link
clicks, with 4,948 clicks on Facebook English ads (3.4% of people
exposed to ads clicked on links), 967 clicks on Instagram English
ads (1.8% of people exposed to ads clicked on links), 954 clicks
on Facebook Spanish ads (3.1% of people exposed to ads clicked
on links), and 49 clicks on Instagram Spanish ads (0.5% of people
exposed to ads clicked on links) (see Table 2 for full data).

Top-performing paid social media ads were defined as those
with the most link clicks, driving the most traffic to the Early
Check portal, as shown in Figure 2. The top Facebook English-
language ad reached 49,552 users and resulted in 1,014 link
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FIGURE 1 | Top-performing organic social media posts.

FIGURE 2 | Top-performing paid social media ads.

clicks (2.0% of people exposed to ads clicked on link). The top
Instagram English-language ad reached 10,553 users and resulted
in 184 link clicks (1.7% of people exposed to ads clicked on
the link). The top Facebook Spanish-language ad reached 17,448

users and resulted in 254 link clicks (1.5% of people exposed to
ads clicked on the link). Because of the low overall performance
of the Instagram Spanish-language campaign, a top post could
not be determined.
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Effect of Paid Social Media on Early Check
Enrollment
During the study period, a total of 3,298 participants completed
the Early Check screener and were eligible to enroll their infants
in the study: 577 (17.5%) of the women who screened eligible
had clicked through to the portal from paid social media ads and
2,721 (82.5%) arrived at the portal from all other sources. There
were 2,375 enrollments (72.0% of those who screened eligible),
with 234 (9.9% of enrollments) that can be traced directly back
to paid social media and 2,141 (90.1%) from all other sources.
A smaller proportion of women who clicked paid social media
ads and screened eligible enrolled in Early Check (40.6%) than
women who reached the portal and screened eligible from
other sources (78.7%), suggesting a larger drop-off between the
screening and enrollment process for women recruited via paid
social media.

We hypothesized that the addition of paid social media
ads as an Early Check outreach method would result in a
significant increase in the number of study enrollments beyond
enrollments obtained through direct mail, email, and other
outreach approaches. We conducted a time series regression
analysis to test this hypothesis, as shown in Table 3. The level
of enrollments at the beginning of the series (March 20, 2019)
was 15.20 enrollments per day (p< 0.001, 95% CI [13.67, 16.91]),
assuming no paid social media ads were running and controlling
for holidays and seasonality. We found evidence of a small
reduction in this rate over time (IRRtime = 0.998, p= 0.001, 95%
CI [0.997, 0.999]), equivalent to a decrease of 1 enrollment from
the incidence rate every 36 days. Additionally, enrollments were
significantly lower than average on Easter Sunday, Memorial
Day, and Labor Day.

Importantly, Early Check enrollments significantly increased
on days when we were in the field with paid social media ads (IRR
= 1.23, p < 0.001, 95% CI [1.10, 1.37]), achieving an average
of 3.5 additional enrollments per day when running ads; a 23%
increase. The number of enrollments per day and the estimated
trend lines on days when in the field with paid social media ads as
compared with not is shown in Figure 3. This finding confirmed
our hypothesis that Early Check enrollments would increase
significantly with the addition of paid social media ads to other
recruitment strategies. Additionally, we spent $11,997.88 on paid
social media ads, which resulted in 577 eligible participants, for
an average cost of $20.79 per eligible participant. The cost per
eligible participant enrolled in the study via social media ads (n
= 234) was $51.27.

DISCUSSION

Overall, the Early Check organic and paid social media outreach
was able to reach, inform, engage, and motivate women to
consider enrolling their newborns in the study. Our paid social
media campaigns increased recruitment at a rate of 3.5 additional
enrollments per day over 50 days when social media ads were
running. This recruitment rate is higher than that achieved
through social media ads by an online survey recruiting pregnant
women (Arcia, 2014) and similar studies recruiting pregnant

TABLE 3 | Final Poisson time series regression model predicting daily early check

enrollments by time and paid social media ads.

IRR SE z p 95% CI

Intercept 15.20 0.83 50.10 < 0.001 [13.67, 16.91]

Time 1.00 0.00 −3.35 0.001 [1.00, 1.00]

Paid social media ads 1.23 0.07 3.74 <0.001 [1.10, 1.37]

Holidays

Easter Sunday 0.64 0.04 −6.71 <0.001 [0.56, 0.73]

Mother’s Day 1.15 0.10 1.59 0.111 [0.97, 1.38]

Memorial Day 0.65 0.03 −8.21 <0.001 [0.59, 0.72]

Father’s Day 0.90 0.08 −1.16 0.245 [0.76, 1.07]

Independence Day 0.95 0.05 −0.87 0.382 [0.86, 1.06]

Labor Day 0.43 0.02 −14.58 <0.001 [0.39, 0.48]

Periodic functions

Cosine1 1.21 0.05 4.49 <0.001 [1.12, 1.32]

Sine1 0.99 0.03 −0.31 0.758 [0.93, 1.06]

Cosine2 0.91 0.03 −2.78 0.005 [0.85, 0.97]

Sine2 0.95 0.03 −1.69 0.091 [0.89, 1.01]

IRR = incidence rate ratio; Intercept = the baseline incidence rate of enrollments per day;

Time = time in days starting at 0 (i.e., March 20, 2019) through 167 (i.e., September

3, 2019); Paid social media ads = indicator designating days when Early Check paid

social media ads were running on Facebook and/or Instagram; Holidays = indicator

variables designating holidays; Periodic functions = sinusoidal Fourier terms with 7-

day weekly periodicity. Error terms = p values and confidence intervals are robust to

heteroscedasticity and autocorrelation using Newey-West standard errors.

women and parents of children with rare health conditions
(e.g., Akard et al., 2015; Adam et al., 2016). These results may
be attributable to greater precision in the algorithms social
media platforms use to target users, differences in the eligible
populations prioritized in past studies, or the extensive user-
centered formative work we conducted to understand pregnant
women’s and new mother’s preferences and perceptions that fed
into ad development (Mcinnis et al., 2019). This study supports
previous research (Platt et al., 2013; Arcia, 2014; Akard et al.,
2015; Farina-Henry et al., 2015; Adam et al., 2016; Frandsen
et al., 2016; Burke-Garcia and Mathew, 2017) by showing that
social media content is an effective strategy for engaging and
recruiting study participants. We add to this body of research by
comparing performance of paid and organic social media content
on multiple platforms and by applying time series regression to
estimate the added effect of paid social media advertising relative
to other outreach methods on study enrollments in a complex,
state-wide recruitment context.

On days when we ran paid social media ads, a 23% increase
occurred in the number of Early Check enrollments. This finding
confirmed our hypothesis that the addition of paid social media
advertising to Early Check’s other outreach strategies significantly
increased Early Check enrollments. These findings, based on
time series analysis, provide stronger evidence of the effect
of paid social media ads on enrollment by controlling for
temporal variables and data trends that previous studies have not
accounted for.

At $51.27 per eligible participant enrolled, the cost of our
social media ads was somewhat higher than similar studies that
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FIGURE 3 | A time series plot showing the daily number of Early Check enrollments from March 20, 2019, through September 3, 2019 and predicted values

comparing days with or without paid social media ads. Predicted values control for seasonality and holiday effects.

recruited pregnant women through Facebook ads (Arcia, 2014;
Adam et al., 2016). A Canadian study recently recruited 39.1%
of its sample of pregnant women through Facebook ads at
CAD $20.28 per eligible participant recruited, compared with
CAD $24.15 per eligible participant recruited through traditional
approaches such as brochures, newspaper ads, local TV news, and
advertisements in physicians’ offices (Adam et al., 2016). A 2014
US study recruiting womenwithin the first 20 weeks of pregnancy
through Facebook ads achieved an even lower cost per eligible
participant who completed the survey of $16.52 (Arcia, 2014). To
date, no studies of social media ads recruiting pregnant women
have provided a more direct point of comparison for the cost per
recruit in an expanded NBS research study.

Despite the deprioritization of organic content on social
media platforms (Entis, 2014; Elder, 2016; Iqbal, 2018;
Bernazzani, 2019), Early Check organic Facebook content
garnered over 50,000 impressions and Twitter content
garnered almost 46,650 impressions. Our intention behind
maintaining an active organic social media presence was
to provide background information about Early Check and
complementary outreach messaging, which is consistent with the
idea that organic content is important for brand development
(Dane, 2018; The Manifest, 2018).

Looking more closely at performance and engagement for
paid and organic social media content by platform, we found
that Facebook ads generated considerably more impressions and
link clicks than Instagram ads, whereas organic Twitter posts
generated fewer impressions and link clicks than Facebook posts.

Given the qualitative differences among attributes represented
in our paid social media ads and organic social media posts
(e.g., calls to action, images, appeals), examining why certain
ads and posts performed better than others is an avenue for
future research.

A majority of eligible screeners and enrollments for Early
Check came from sources other than paid social media. This
was unsurprising given the comparatively small role that social
media played in the study and the highly targeted reach of the
direct mail campaign, in particular, through which recruitment
letters were delivered to nearly all NC or SC residents who had
given birth in NC within 4 weeks and had not yet enrolled in
Early Check. We also saw that a smaller proportion of eligible
women recruited directly from paid social media ads proceeded
to enroll in Early Check compared with the proportion recruited
from other sources. These findings suggest that although the
addition of paid social media to the Early Check recruitment
strategies improved the success of a statewide recruitment effort
to accelerate understanding of rare diseases and treatments for
newborns, other recruitment sources were responsible for the
bulk of enrollments and resulted in a higher rate of screeners to
enrollments. Future work is needed to examine how to increase
the potential impact of social media ads and how to keep eligible
women engaged to complete enrollment.

It is important to note that while Spanish-language versions
of paid and organic social media content generated substantially
lower reach and fewer impressions and link clicks than English-
language versions, this is likely due to the fact that this
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subset of the North Carolina population is much smaller.
Click-through rates were similar for Spanish and English
ads on Facebook, but substantially lower for Spanish ads
on Instagram, suggesting that Instagram may not be an
ideal recruitment platform for Spanish speakers. For women
who enrolled from all recruitment sources, <1% indicated
Spanish as their preferred language. These findings suggest
that women whose preferred language is Spanish are more
challenging to reach for enrollment in expanded and voluntary
newborn screening and that more concerted efforts may
be needed to improve enrollment numbers among Latinas.
This echoes previous research that shows language is a
major barrier in NBS education and outreach among Spanish
speakers (Davis et al., 2006).

Limitations
This study has several limitations. First, we were unable to
explore the independent effects of organic social media content
on Early Check enrollment because of data limitations that
prevented us from separating enrollments based on organic
social media as compared with all other sources. Second,
data limitations also prevented us from exploring how the
characteristics of women who enrolled their newborns in Early
Check differed by recruitment methods, which would shed light
on how each method contributes to sample diversity. Third,
social media played a comparatively small role in Early Check
recruitment, making equitable comparisons difficult between
social media and other more traditional outreach strategies used
for Early Check.

Contributions to the Social Media
Recruitment Literature
Early Check is the first known study to use paid and organic
social media content on multiple platforms, combined with other
strategies, to conduct outreach and recruitment for expanded and
voluntary NBS. The findings from this study add to the growing
body of literature demonstrating the usefulness of paid social
media content to engage and recruit pregnant women (Arcia,
2014; Adam et al., 2016) and organic and paid social media to
improve engagement with NBS and biobank programs (Platt
et al., 2013, 2016).

This study marks the first known research to incorporate
Instagram ads in a study to recruit pregnant women and new
mothers, as previous studies have focused primarily on Facebook
(e.g., Arcia, 2014; Adam et al., 2016; Frandsen et al., 2016; Huesch
et al., 2016). The inclusion of Instagram ads as a paid social media
strategy for recruitment of pregnant women and new mothers
for expanded and voluntary NBS is important because Instagram
is particularly popular among young adults, a key age group
of pregnant women and new mothers (Smith and Anderson,
2018). Specifically, Instagram use is higher among 18–29-year-
olds (64%) than 30–49-year-olds (40%) (Smith and Anderson,
2018), suggesting that to optimize Instagram ads future studies
should consider focusing Instagram recruitment on 18–29-year-
old pregnant women and new mothers.

CONCLUSIONS

Early Check provides a unique case study for health
communicators and newborn screening researchers seeking
to maximize the potential of social media for study recruitment
amid a rapidly evolving digital landscape. This study
demonstrates the complementary use of organic and paid
social media targeting prenatal and postnatal women to
participate in voluntary and expanded NBS. With the noted
decline in the organic reach of promotional Facebook posts
(Entis, 2014; Elder, 2016; Iqbal, 2018; Bernazzani, 2019), similar
studies may increasingly invest in paid social media advertising
as an effective digital recruitment approach, with organic content
playing a supportive role in engaging populations of interest.

Traditional recruitment methods, including direct mail and
email, can be enhanced by organic and paid social media outreach
for statewide population health studies like Early Check. This
research supports the case for collaboration among researchers,
communication specialists, designers, and digital strategists to
fully harness social media outreach for study recruitment.
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