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Abstract

Background: Investigation of the microbiome during early life has stimulated an increasing number of cohort
studies in pregnant and breastfeeding women that require non-invasive biospecimen collection. The objective of
this study was to explore pregnant and breastfeeding women’s perspectives on longitudinal clinical studies that
require non-invasive biospecimen collection and how they relate to study logistics and research participation.

Methods: We completed in-depth semi-structured interviews with 40 women who were either pregnant (n = 20) or
breastfeeding (n = 20) to identify their understanding of longitudinal clinical research, the motivations and barriers to
their participation in such research, and their preferences for providing non-invasive biospecimen samples.

Results: Perspectives on research participation were focused on breastfeeding and perinatal education. Participants
cited direct benefits of research participation that included flexible childcare, lactation support, and incentives and
compensation. Healthcare providers, physician offices, and social media were cited as credible sources and channels for
recruitment. Participants viewed lengthy study visits and child protection as the primary barriers to research
participation. The barriers to biospecimen collection were centered on stool sampling, inadequate instructions, and
drop-off convenience.

Conclusion: Women in this study were interested in participating in clinical studies that require non-invasive
biospecimen collection, and motivations to participate center on breastfeeding and the potential to make a scientific
contribution that helps others. Effectively recruiting pregnant or breastfeeding participants for longitudinal microbiome
studies requires protocols that account for participant interests and consideration for their time.
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Background
In the past, pregnant or breastfeeding mothers were
excluded from participating in clinical research due to
potential adverse outcomes [1]. An increasing number of
clinical investigations involving this population, however,
has been stimulated by the emerging importance of the
microbiome. For example, exclusive breastfeeding through
the first 6 months of life is associated with positive
maternal-infant health outcomes [2], and breastfeeding
modifies the function of the infant microbiome and may
influence infant health outcomes [3]. The microbiome,
which consists of the entire habitat of gut microbiota in-
cluding microorganisms and microbial products [4], plays
a critical role in human health and disease [5]. Postnatal
development of the infant microbiome occurs primarily
through maternal-infant interaction [6]; this interaction
can be impacted by factors including mode of delivery [7],
maternal obesity [8], antibiotics [9], and infant diet [10].
The increasing clinical investigations with pregnant or

breastfeeding women involve collection of biospecimens
such as stool and human milk [11, 12]. Stool samples
are used to evaluate the gut microbiome [13] and human
milk samples to identify novel compounds that interact
with the infant gut microbiome [14]. Despite the grow-
ing appreciation for the gut microbiome as a factor that
mediates the health benefits of breastfeeding [14], re-
cruitment of participants for clinical microbiome studies
that require biospecimen collection can be difficult,
particularly when there is no obvious benefit to the
participant [15].
Relatively little is known about recruitment and reten-

tion of pregnant and breastfeeding women into clinical
microbiome studies that involve biospecimen collection.
One study on stool sampling in elderly men indicated
practical methods for collecting biospecimens are
warranted for successful recruitment [4]. To address the
gap in knowledge about recruitment of pregnant and
breastfeeding women in clinical studies that require
biospecimen collection, we conducted a qualitative study
to explore their understanding of longitudinal clinical re-
search, motivations and barriers to their participation in
studies, and their preferences related to non-invasive
biospecimen sampling.

Methods
Snowball sampling was used to recruit participants (N =
40) from Gainesville, Florida. Channels such as word-of-
mouth, flyers, and social media were used to initiate an
inclusive community-based means of participant recruit-
ment. Participants were female, between 18 and 45 years
of age, and either currently pregnant (n = 20) or actively
breastfeeding an infant younger than 12months of age
(n = 20). Exclusion criteria and recruitment methods for
participation mirrored a larger ongoing longitudinal

microbiome study. Participants were excluded if they
had only one breast capable of producing milk or a his-
tory of any of the following: inadequate milk production,
pre-eclampsia, pre-term delivery, or habitually consum-
ing alcohol, drugs, or tobacco during pregnancy.
Prior to conducting semi-structured interviews with

participants, they all received a biospecimen collection
kit with instructions to collect saliva, urine, a vaginal
swab stool, and human milk from mothers who were
breastfeeding. Self-collection of samples was optional.
An interview guide was used to facilitate discussion dur-
ing the interviews [16]. Questions focused on prefer-
ences for and on facilitators and barriers to participating
in research studies. Interviews were conducted face-to-
face in a private room and lasted between 30 and 60
min. All interviews were audio recorded with participant
consent and were later professionally transcribed (Data-
gain, Secaucus, NJ). Supplementary Fig. 1 outlines the
recruitment strategies and enrollment outcomes for this
study.
We used grounded theory as a model for our analysis

[17]. Briefly, during the first stage of data analysis, three
coders read through a portion of the transcripts (10%)
and assigned a priori codes reflecting the major categor-
ies drawn from our interview guide: participant back-
ground, participating in research studies, and biological
sample collection. A second stage of analysis was per-
formed to establish coder inter-reliability during which
coders were assigned four of the same transcripts to
code independently. Next, theme level of agreement
among coders was evaluated using NVivo coding stripes
[18]. Discrepancies in coding were discussed among the
coders until consensus was achieved. Some sub-themes
for facilitators and barriers associated with research par-
ticipation were adapted from previous work in this
population [15], whereas other new sub-themes emerged
from data.

Results
Study recruitment included 103 encounters with poten-
tial participants (e.g., by phone or email) and 77 phone
screenings, of which 63 individuals passed. We con-
sented 47 participants, 40 of which completed the semi-
structured interview.

Participant characteristics
Table 1 presents the demographics of participants who
completed the semi-structured interviews (N = 40). On
average, participants were between 31 and 40 years of
age (n = 24, 60%), and a majority had a professional and/
or graduate degree. Participants included 22 second time
mothers and most reported previous experience with
biomedical or social science research. Only 1 in 5 partici-
pants reported previous experience using a stool collection
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kit. Just over half of the participants donated all biological
samples requested (n = 23, 57.5%), and 29 (72.5%) partici-
pants donated at least one biological sample.

Study preferences
Table 2 summarizes participant time and communica-
tion preferences for participating in longitudinal clinical
microbiome studies. Out of 40 participants, greater than
half said they would generally be unconcerned with the
duration of the study and would participate in studies
longer than 24 months. Participants would be comfort-
able participating in studies that required more than
four study visits but were adamant that each visit should
last no more than 60 min. Participants would prefer
text messaging for communication with the study
team, would generally be interested in scheduling

study visits in the morning, and would prefer study
reminders be sent either 1–2 days in advance or 6–10
days before a study visit.

Table 1 Participant Demographic Informationa

Characteristic Frequency (n) Percent (%)

Maternal age

20–30 years 16 40

31–40 years 24 60

Previous children

Yes 22 55

No 15 37.5

Highest level of education

Professional/graduate degree 21 52.5

Some graduate education 3 7.5

College degree 9 22.5

Some college education 1 2.5

Associate degree 3 7.5

Technical/vocational degree 2 5

House-hold income

0 to $37,000 5 12.5

$37,001 to $79,000 14 35

$79,001 or more 16 40

Pre-pregnant body mass index (kg/m2)

< 25 26 65

25–30 8 20

➢ 30 6 15

Previous research experience

Yes 22 55

No 17 42.5

Previous experience with stool collection

Yes 9 22.5

No 21 52.5
a7.5% of data were missing for the previous children and highest level of
education variables, 12.5% of data were missing for the house-hold income
variable, 2.5% of data were missing from the previous research experience
variable, and 25% of data were missing from previous experience with stool
collection variable

Table 2 Participant Study Preferencesa, b

Study Preferences Frequency (n) Percent (%)

Study duration (months)

0–6 2 5

7–12 4 10

13–24 3 7.5

24+ 24 60

Missing 7 17.5

Number of study visits

1–2 5 12.5

3–4 4 10

4+ 17 42.5

Missing 14 35

Study visit duration (minutes)

0–30 1 2.5

31–60 23 57.5

61–90 2 5

90+ 7 17.5

Missing 7 17.5

Study visit time of day

Morning 20 51.3

Lunchtime 7 17.9

Afternoon 12 30.8

Missing 1 2.5

Study reminders

Yes 35 87.5

No 0 0

Missing 5 12.5

Preferred contact method

Text Message 29 49.2

Email 23 39.0

Phone Call 6 10.2

Mail 1 1.7

Advanced reminder (days)

1–2 12 30

3–5 3 7.5

6–10 17 42.5

10+ 7 17.5

Missing 1 2.5
a17.5% of data were missing from study duration and duration of study visit
variables, 35% of data were missing from number of study visits variable,
12.5% of data were missing from study reminders variable, and 2.5% of data
were missing from advanced reminder variable.
bPercentages do not equal 100%, as some participants indicated
multiple preferences
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Facilitators to participating in research studies
Facilitators were defined as anything that would promote
or motivate pregnant or breastfeeding women to partici-
pate in and complete longitudinal research studies. As
described and defined in Table 3, the following five
categories of facilitators emerged: (1) aspirational benefits,
(2) collateral benefits, (3) direct benefits, (4) third-party
influences, and (5) location of recruitment materials.

Aspirational benefits
These were personal motivations for participation based
on altruism, interest in breastfeeding, and advancing sci-
ence. More than half of the participants described them-
selves as “passionate” about and “generally interested in
breastfeeding.” In regard to her participation in the
current study and in future studies on this topic, one
woman stated, “The overall main reason was because it
has to do with breastmilk, so anything that has to do
with breastmilk ever I’m always interested in” (BIS008).
Women also emphasized advancing science: As one par-
ticipant noted, “I’m a real breastfeeding advocate and
I’m so interested in the microbiome because I think that’s
just a brand-new science right now” (BIS011).

Direct benefits
The majority of participants cited these as a reason to
participate in studies, for example, childcare, lactation
support, and compensation. Childcare was most fre-
quently cited. Notably, if childcare were provided by the

research team, child safety and accountability were cited
as critical factors to utilizing childcare during research
visits. Lactation support was described as counseling on
how to breastfeed that would supplement breastfeeding
education received through healthcare providers. Com-
pensation was identified as a factor that could increase
participation and retention, though participants also
identified non-monetary incentives, notably, “personal
touches” such as birthday cards, congratulatory cards,
and thank you notes.

Collateral benefits
These unintended benefits that would improve research
participation and retention included receiving research
results, education and counseling, and community en-
gagement. Participants would be interested in receiving
research results throughout the study and were most in-
terested in information related to personal health. Edu-
cational presentations pertaining to child-maternal
health and supportive environments were cited as a
collateral benefit as was education related to postpartum
weight loss, infant sleeping patterns, and work-life
balance, among other relevant subjects.

External influences
These were interpersonal factors such as a person or
group of people sharing information about the study.
Third party sources included online sources, such as
friends on Facebook, or offline sources, such as physicians,

Table 3 Facilitators and Barriers to Research Participation among Pregnant and Breastfeeding Womena

Category Sub-themes Description of sub-themes

Facilitators Aspirational benefit
(n = 25)

Personal motivations for participating in research, including contributing to science, contributing to breastfeeding
research, and the potential benefit to future generations.

Collateral benefit
(n = 23)

Unintended benefits stemming from participation in the study, including access to research results, and education
and community engagement.

Direct benefit
(n = 35)

Factors arising from research participation that provide a benefit to the participant firsthand, including childcare,
lactation support, and compensation or incentives.

Third party
influences
(n = 14)

Interpersonal factors, such as a person or group of people sharing information about the study that could
influence recruitment and research participation among women who are pregnant and breastfeeding. Third party
influences could be online, such as friends on Facebook and membership in specific online groups, or offline,
such as physicians, friends, lactation consultants, and study team members.

Recruitment Channel
(n = 27)

The venue or location channel or location in which the study team should place (i.e., put, leave, post) recruitment
materials for prospective participants. Recruitment channels included offline locations, such as a doctor’s office,
grocery store, and playgrounds, as well as online locations, such as the Internet, Facebook, or other social media.

Barriers Inconveniences
(n = 37)

Aspects of the study that made participating more difficult, including time requirements, physical discomforts, and
breastfeeding schedule.

Protocols/study risks
(n = 19)

Specific requirements within the study or protocol that would deter research participation and retention. These
included potential risks to participants and their babies and long-term breastfeeding (in)ability.

Biological sample
collection
(n = 9)

Factors pertaining to sample collection that deterred participation, including timing of collection, ease of
collection, and sample drop off.

Third party
influences
(n = 20)

Interpersonal factors that were out outside of the participant and the study that would preclude research
participation, such as having a newborn (e.g., newborn with a fussy temperament), having other children, and the
influence of family members.

aSubnodes included when n ≥ 2
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friends, lactation consultants, and study team members.
Groups on Facebook and other social media platforms
were also mentioned by participants as appropriate venues
for recruitment. Online groups that were specific to
pregnancy and breastfeeding were particularly salient,
including new parent and breastfeeding support groups.
Third-party influences served as credible referrals who
contributed to retention based on existing online or
offline relationships with a prospective participant(s) or
membership in a specific group.

Recruitment channels
These were venues or locations suggested for study teams
to place (i.e., put, leave, post) recruitment materials, such
as a physician office, grocery store, and playground and
online options such as the Internet, Facebook, or other
social media platforms. For instance, participants indi-
cated recruitment through a medical care provider office
further legitimizes the study and increases likelihood of
participating: “I would probably consider that [the study]
would seem legitimate. This is at my doctor’s office and …
it’s probably not bogus” (PRG002).

Barriers to participating in research studies
Barriers were defined as anything that could hinder or
preclude participation and retention in research studies.
The following four categories of barriers emerged: (1) in-
conveniences, (2) protocol or study risks, (3) biospeci-
men collection, and (4) third-party influences (Table 3).

Inconveniences
Participants were concerned with inconvenience to their
children and themselves. One participant cited “anything
that detracted” from daily activities as an inconvenience:
“The time is definitely the biggest barrier just because I
had this super-long to-do list of all these things I wanted
to get done before I had the baby” (BIS001). Scheduling
time for a research visit was considered particularly in-
convenient for breastfeeding mothers, who would find it
difficult to leave their home to travel.

Protocol or study risks
Most mothers were highly protective of their infants and
were concerned that participating in a study could
somehow hurt them. Regarding participation in a
mother-infant microbiome study where the protocol re-
quested a blood draw, one mother stated she would
never allow “anything … invasive … like you have to
draw blood or something, … and I know my husband
would never allow that either” (BIS011). Other protocol
requirements that could deter participation in a breast-
feeding, longitudinal study was the duration of commit-
ment to breastfeeding and breastfeeding ability.

Biospecimen collection
Several women discussed biospecimen collection as a
potential barrier. Stool collection was considered the
primary barrier to participating in microbiome studies.
Pregnant women discussed physical impediments, such
as constipation. Low milk production and difficulty
breastfeeding were also cited as barriers. Breastfeeding
women mentioned the personal value of their breast
milk and considered study protocols that required a
large quantity of breast milk as a barrier, especially in
the case of low milk production.

External influences
These interpersonal factors included having multiple
children along with a newborn and the influence of
family members. Participants described the stress and
commitment involved with supporting infants in the first
months as a significant barrier. Additional family
members such as other children and extended family
members, particularly post-birth, were also cited as
potential barriers.

Discussion
Collectively, our results demonstrate that women are
motivated to participate in longitudinal studies focused
on breastfeeding and that barriers to participating in
clinical microbiome studies are driven by inconvenience
related to biospecimen collection and drop-off. Our
analysis identified factors that motivate research partici-
pation with a focus on breastfeeding and perinatal
education. The primary factors for non-participation
focused on inconvenience related to lengthy study visits
and biospecimen collection. Ideas about barriers to
biospecimen collection centered on stool sampling and
included inadequate instructions, sample storage, and
drop-off convenience. Low milk production was also
cited as a factor that would likely reduce participant re-
tention for studies that require human milk.
An important observation from our study is the focus

on breastfeeding. Specifically, participants highlighted “a
passion for breastfeeding” and the idea that breastfeeding
mothers could benefit was a motivation to participate in
research. Notably, participants also cited elements of “con-
ditional altruism,” that is, participation would depend on
the research risks [19, 20]. Altruism is a common message
strategy used for clinical recruitment [21], and our find-
ings suggest that it may be an effective strategy for recruit-
ing women who are breastfeeding into research studies.
These findings indicate that, during early life, research
participation may, in part, be driven by the emotional and
practical experiences of breastfeeding [22] and by poten-
tial risks to mother and infant [23].
Although our participants considered scheduling

inconvenience a barrier to participating in research,

Lemas et al. BMC Pregnancy and Childbirth           (2021) 21:67 Page 5 of 7



women had little concern about the duration of a study.
Duration of individual study visit(s), however, was a con-
cern. The majority of women stated that study visits
should last 30–60min. Inadequate stool collection in-
structions and drop-off inconvenience were considered
barriers to participating in research with stool sampling.
Existing data on patient preferences for stool collection
indicates that informational leaflets increase patient con-
fidence in sample collection, and specimen drop-off
boxes may reduce any stigma associated with sample
collection [24]. Although stool collection stigma was
seldom referenced by participants in this study, drop off
boxes could make participating more convenient for
pregnant and breastfeeding women and should be con-
sidered. Among breastfeeding women, we also found
that if, milk production was perceived to be low, that
would be a barrier to participating in research studies
that require human milk. Lactation support and educa-
tional materials related to biospecimen collection might
improve retention of breastfeeding mothers in clinical
microbiome studies.
Previous work has revealed that recruitment sources

and channels influence participant enrollment and reten-
tion in clinical settings [25]. In our study, acceptable
sources of materials to recruit pregnant mothers plan-
ning to breastfeed included social media platforms, phys-
ician offices, prenatal healthcare providers, and lactation
consultants. These findings are consistent with previous
work suggesting that women use the Internet to seek
out information during pregnancy [26] and that informal
relationships between mothers, both face-to-face and
through social media, represent important sources of so-
cial and emotional support [27]. Thus, healthcare profes-
sionals might assist in recruiting research participants.
Our study has several strengths. First, previous qualita-

tive work within the pregnant population has focused on
understanding their perspectives on antibiotic use to de-
velop tailored perinatal health education interventions to
increase knowledge, particularly using electronic health
records (EHR) to provide additional information on anti-
biotic use [28]. This is the first qualitative study to ex-
plore the perspectives of pregnant or breastfeeding
persons on participating in longitudinal clinical studies
and provides significant insight into their attitudes to-
ward sharing their own and their infants’ non-invasive
biospecimen. Secondly, the mixed-methods research de-
sign provided a more comprehensive data set concerning
pregnant and breastfeeding mothers’ perspectives on
participating in studies involving non-invasive biospeci-
men sampling. Second, our analysis reached thematic
saturation suggesting our sample size was adequate for
thematic analysis. This study also has some limitations.
First, the participants cannot be considered representa-
tive of all pregnant and breastfeeding women, which

affects the generalizability of findings. For example, the
majority of participants had a professional/graduate de-
gree, previous experience with research participation,
and a low pre-pregnant body mass index (BMI). Because
less educated and obese women are of great interest re-
lated to potentially vulnerable infants, a similar study of
their perspectives is needed. Thirdly, due to the open-
ended nature of the semi-structured interviews, missing
data could potentially alter response counts.

Conclusion
In conclusion, our results demonstrate women in this
study were interested in participating in clinical studies
that require non-invasive biospecimen collection, and
motivations to participate center on breastfeeding and
the potential to make a scientific contribution that helps
others. Effectively recruiting pregnant or breastfeeding
participants for and retaining them in longitudinal
microbiome studies requires protocols that account for
participant interests and needs and consideration for
their time. With the rapid increase in microbiome stud-
ies of child-maternal health that collect biospecimens,
maternal perspectives on research participation is an im-
portant topic.
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