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In this brief report, we share lessons learned from the Immigrant Microbiome
Project (IMP), a microbiome research study conducted in partnership with the
Hmong and Karen communities in Minnesota. Members of the IMP academic-
community research team and community advisory board reflected on the
community-based participatory research (CBPR) approach used for the IMP
project, which informed these lessons learned. The IMP illustrates how
microbiome researchers can utilize CBPR, which can improve the validity of
research projects, create respectful partnerships, build trust between community
members and researchers, and ensure that research results are returned to the
community as actions that can improve health.

Introduction

Research about the human gut microbiome (microbial community in the
intestinal tract) has revealed profound differences between populations
(Fragiadakis et al., 2019; Smits et al., 2017; Vangay et al., 2018; Yatsunenko et
al., 2012). A number of microbiome studies have now shown that people in
highly industrialized societies tend to have fewer types of intestinal microbes
than people living in non-industrialized societies (Smits et al., 2017). Other
studies have linked migration to highly industrialized countries, including the
United States (U.S.), with increased risk of microbiome-related diseases, like
obesity and diabetes (Goel et al., 2004; Heney et al., 2014; Lauderdale &
Rathouz, 2000). The U.S. hosts the largest number of immigrants in the world
(Department of Economic and Social Affairs, Population Division, 2017), and
epidemiological evidence has shown that residency in the U.S. increases the
risk of obesity among immigrants, with some groups experiencing up to a
four-fold increase in risk after 15 years (Bates et al., 2008; Cairney & Qstbye,
1999; Goel et al., 2004; Kaplan et al., 2004; Lauderdale & Rathouz, 2000;
Walker et al., 2008). This so-called “healthy immigrant effect” has been well-
documented in Western countries (Antecol & Bedard, 2006), and is attributed
to many complex, interacting factors with varying effects that are dependent
upon the subpopulation (Barcenas et al., 2007). Refugees, in particular, appear
to be more vulnerable to rapid weight gain (Heney et al., 2014; Hervey et
al., 2009) compared to immigrants, with Southeast Asian refugees exhibiting
the highest average increases in Body Mass Index (BMI) (Careyva et al., 2015)
after relocation to the U.S. We hypothesized that the human gut microbiome,
due to its important role in human health, was one of many complex factors
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that contribute to the “healthy immigrant effect.” We started the Immigrant
Microbiome Project (IMP) to test the hypothesis that relocating to the U.S.
would induce changes in the human gut microbiome, and that these gut
microbial changes would contribute to the development of obesity.

During the early planning stages of the IMP, we prioritized working on
health issues that were prevalent in, but also deemed important by, our local
communities in Minnesota. This required us to engage with and learn about
our diverse communities, which included discovering that Minnesota was
home to the highest number of refugees per capita in the U.S. (Koumpilova,
2015). Our desire to work on health issues that were important to our local
refugee communities ultimately defined the communities as core stakeholders
in our project. This, combined with our need to understand and overcome the
important ethical challenges (Jacobsen & Landau, 2003; Murray et al., 2010;
Temple & Moran, 2006) in working with refugee populations, prompted us to
look toward community-based participatory research (CBPR).

Conventional research on marginalized populations has not historically
been organized to specifically ensure benefits to the communities being studied
(Tuck & Yang, 2014). CBPR engages with the studied communities in every
step of the research process, including sharing power and ownership of the
research equitably between researchers and the community members
(Viswanathan et al., 2004), thereby resulting in improved research validity
(Jagosh et al., 2012; Viswanathan et al., 2004). CBPR has been applied
extensively in epidemiological and clinical studies (Israel et al., 2010; Leung et
al., 2004), and only recently has been considered in genomic research studies
(Buseh et al., 2013; Claw et al., 2018; Skinner et al., 2015).

CBPR fundamentally changed our approach to scientific research about the
human microbiome and was key to our project’s success. In this brief report,
we describe how we carried out our research activities in partnership with the
Hmong and Karen communities in Minnesota and share our lessons learned
in hopes of encouraging microbiome scientists to consider this inclusive and

equitable approach.
Historical context on the Hmong and Karen communities in the U.S.

The Hmong and Karen communities share experiences as refugees from
Southeast Asia, but came to the U.S. at distinct times due to different historical
events. During the 1960s—1970s, the U.S. recruited Hmong people to fight
in a CIA-sponsored U.S. Secret War in Laos (Michaud & Hamilton-Merritt,
1994). Afterward, the Hmong faced harsh retribution for aiding the U.S. and
began fleeing to Thailand in 1975. Between 1976-1990 and 2004-2005, about
90 percent of all Hmong refugees in Thailand were resettled to the U.S. (U.S.
Department of Homeland Security, 2011), and as a result, more than 100,000
foreign-born Hmong reside in the U.S. today (Pfeifer et al., 2012). The Karen
people are an ethnic minority from Myanmar (Burma) who, since the
mid-1940s, have been in conflict with the Myanmar government for
independence (Kuroiwa & Verkuyten, 2008; Walton, 2008). In 1984, the
Karen began entering Thailand as refugees (B.E.R. Group & Friedrich-
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Naumann-Stiftung, 1998; The Border Consortium, n.d.). From 2000-2017,
more than 170,000 Burmese refugees of primarily Karen ethnicity were
resettled to the U.S. (Mossaad, 2019), with many originating from Mae La
camp, the largest refugee camp in Thailand (The Border Consortium, 2018).
The prevalence of overweight and obesity is highest among Hmong compared
to other Asian ethnic groups (Arcan et al., 2014; Franzen & Smith, 2009;
Himes et al., 1992; Mulasi-Pokhriyal et al., 2012), with Western diet
acculturation, previous exposure to food insecurity, and physical inactivity
identified as contributing factors (Franzen & Smith, 2009; Mulasi-Pokhriyal et
al., 2012; C. Smith & Franzen-Castle, 2012). Refugee children from Burma
exhibited the steepest BMI increase after relocation compared with other
refugee and non-refugee children (Dawson-Hahn et al., 2016); to our
knowledge, disaggregated data for refugees of Karen ethnicity from Burma
does not yet exist.

Methods
Partnership formation

In 2014, academic researchers from the University of Minnesota (UMN)
and community researchers from Somali, Latino and Hmong Partnership for
Health and Wellness (SoLaHmo) (the “academic-community research team”)
initiated conversations for implementation of a CBPR approach for the IMP
(Iable 1, Figure 1). After collaborating to develop grant proposals and
successfully obtaining funding support in 2015, the academic-community
research team expanded to include two Hmong researchers and one Karen
community researcher. The academic-community research team was trained
by SoLaHmo staff using training materials built upon key CBPR principles
in the Community-Based Participatory Action Research Partnership Protocol
(SoLaHmo Partnership for Health & Wellness at West Side Community
Health Services, Inc. & University of Minnesota’s Program in Health
Disparities Research Advisory Board, 2017). The academic-community
research team began actively partnering with Hmong and Karen community
members via community advisory boards (CABs), who provided
asynchronous feedback on research materials via email, as well as live feedback
during three in-person group meetings (start of recruitment, during
recruitment, and prior to dissemination of results) (Table 1). All research

materials were reviewed and approved by the academic-community research
team and CABs.

Scientific research study design

From 2016-2017, the IMP enrolled 550 Hmong and Karen women in
Minnesota and Thailand and collected stool samples for gut microbiome
analysis. A longitudinal sub-study was conducted, which included analysis
of monthly stool samples collected from Karen women during their first six
months of living in Minnesota. The main research study included analysis
of stool samples collected from Hmong and Karen women in the U.S. at a
single point in time and accounted for factors such as diet, age, and time
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3 academic researchers

9 Hmong CAB 6 Karen CAB

2 SoLaHmo staff researchers
2 Hmong community researchers
1 Karen community researcher

members members

Figure 1.

Our academic-community research team consisted of three academic researchers from UMN (PV, DK, NY), three staff community
researchers from SoLaHmo (KACP, SLP, RB), two Hmong community researchers (MX, PS), and one Karen community researcher
(BP). The CABs consisted of nine Hmong and six Karen members. A subset of the research team participated in this reflection (three
UMN researchers, two SoLaHmo researchers, one Hmong community researcher, four Hmong CAB members, one Karen community
researcher, one Karen CAB member). Note that part of the research study was conducted in Thailand, where we partnered with academic
and community researchers on CBPR training, co-authoring the scientific manuscript, and dissemination of study results and materials.
Unfortunately, we were unable to implement all of the CBPR key principles in Thailand due to geographical, time, funding, and logistical

constraints. Thus, our Thailand partners are not included in this reflection.

2014 2015 2016 2017

M J J AS OND|J FMAMUJ J A S ONDIJ FMAMUJI J A S ONDIJ FMAMUJI J A S OND

First UMN and SoLaHmo email
cor

UMN explores available grant
opportunities

SolLaHmo partners with UMN for grant
proposal

Discuss project ideas with SoLaHmo
researchers

Grant funding awarded

Train community researchers and
research staff:

CAB meeting: Recruitment Strategy

Prepare and Revise Recruitment

Obtained IRB Approval and Revised
Protocol

Recruitment and sample collection

Thailand: Train research staff

Thailand: recruitment, sample collection

CAB meeting: Troubleshoot recruitment
challenges

CAB meeting: Dissemination strategy

Develop gut health dissemination .. Continues until Aug 2019 —

Explore ideas and prepare for
dissemination

Dissemination events

Table 1. Timeline of the research study.

spent in the U.S. Stool samples were also collected from Hmong and Karen
women in Thailand to determine a baseline representation of gut microbiome
composition prior to relocation.

Recruitment and enrollment of participants

From 2016-2017, we recruited and enrolled Hmong and Karen participants
throughout the greater Twin Cities area in Minnesota at multiple locations,
including adult education centers, cultural centers, religious organizations,
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clinics, and individuals’ homes. Community researchers presented the research
study’s goals and objectives, explained sample collection methods, and
obtained informed consent individually or in groups. After signing the consent
form, participants were interviewed about their diet (24-hour recall),
demographics, and socioeconomic situation; had height, weight, and waist
circumference measured; and received a self-sampling stool collection kit. Stool
samples were returned by mail or picked up by the academic-community
research team, and upon receipt, participants received a $20 prepaid credit card.

Research results

We found that gut microbiomes changed quickly after relocation and that
these changes were correlated with obesity risk, which increased with time in
the U.S. (Vangay et al.,, 2018). We found that the diets of our participants
changed more slowly than their gut microbiomes over time in the U.S,,
indicating that other non-dietary factors contributed to these gut microbial
changes.

Community team reflections

To identify “lessons learned,” one research team member led three in-person
discussions with the academic-community team and several CAB members to
reflect upon and review the research study through the framework of CBPR
principles from the SoLaHmo-UMN Partnership Protocol (SoLaHmo
Partnership for Health & Wellness at West Side Community Health Services,
Inc. & University of Minnesota’s Program in Health Disparities Research
Advisory Board, 2017). The academic-community research team analyzed the
notes, which were then shared with the community researchers and CAB
members for additional input.

Lessons Learned
Planning Stage
Engage with the Community Before Starting Any Research Study

Initially, we conducted discussions with members of several immigrant and
refugee communities, as we wanted our research project to focus on a health
issue that was a concern for these communities as well as be scientifically
interesting and relevant for gut microbiome research. Members of these
communities reported being concerned about developing obesity and chronic
diseases like diabetes and hypertension after moving to the U.S. While some
community members were aware of contributing factors to obesity such as
changes in diet, exercise, and lifestyle, the role of the gut microbiome was
a new concept and they were curious to learn more. While we considered
partnering with several different ethnic communities and health topics, we
decided to move forward with the Hmong and Karen communities and the
topic of obesity based on community interest and availability of community
researchers. These early conversations ensured interest and commitment from
the communities and helped frame important prerequisite activities, such as
grant-proposal writing.
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Develop a Collaborative Agreement

Once we identified the health topic and interested Hmong and Karen
community members, we began building a partnership. We trained all the
researchers on the Hmong and Karen communities, CBPR, research ethics,
and the gut microbiome. We developed a collaborative agreement, which
entailed: clear individual roles and responsibilities; consensus-based decision-
making; open communication and conflict resolution; and a commitment to
disseminate findings to the Hmong and Karen communities and to academia,
with co-authorship (Office of Academic Clinical Affairs, 2018). Throughout
the project, we aimed for equitable team dynamics. During our final reflection,
community researchers stated they felt respected for their expertise in working
with the community, as academic researchers relied heavily on them to create
effective processes, develop trustworthy connections, and address challenges
in enrollment. In turn, the community researchers trusted the academic
researchers to champion the communities’ perspectives, and to address their
concerns efficiently and collaboratively. Importantly, our CBPR team was
strengthened because we had an academic researcher who is also a member of
one partner community, and hence had a valuable role in balancing both the
scientific and community perspectives for the project.

Study Design

Respect that Refugees Have Historical Experiences and Concerns About
Research

The Hmong and Karen communities shared their perceptions about
research, which were strongly shaped by the communities’ past experiences.
Some Hmong participants initially questioned the research teams’ intentions
and shared their concerns about breaches of confidentiality and privacy, as well
as possible adverse retributions based on research results. Trust was particularly
important for community members; therefore, having community researchers
who were well-connected in the community or who have been endorsed by
people who participants trusted was a critical first step. For example,
recruitment via flyers or public booths were not successful compared with
recruitment through an established network (such as a religious organization)
and individual referrals.

“...people sometimes think [UMN is] related to the CIA. A lot
of people from Thailand had trauma with the [U.S.]
government...” (Hmong CAB Member)

“We talked a lot about how the community interpreted poop,
and fear of personal information being shared, and giving their
own samples as a fear of getting detected if they were ill in other
areas...” (Hmong Community Researcher)

In contrast, Karen participants reported positive experiences with
researchers, primarily Mae La refugee camp’s action-oriented research projects
related to malaria and maternal health (The Border Consortium, 2018), and
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thus were more open to participating in the research study. Our Karen
researcher was also well-connected and a long-time champion of his
community, which was integral for establishing trust.

“Most people said yes [to participating in the study] because I
used [the research project in Thailand] as an example, which they
did back at the camp.” (Karen Commaunity Researcher)

Obtain Culturally- and Linguistically-Appropriate Informed Consent

Understanding the Hmong and Karen histories prior to arriving in the U.S.
provided important insights into effective communication and engagement
strategies with these communities. Having been in the U.S. for vastly different
amounts of time, the two communities had differences in English language
acquisition, degree of acculturation to the U.S., and preferred communication
strategies. It was important that our community researchers spoke fluent
Hmong and Karen so that they could effectively address participants’ questions
and concerns. Perhaps more importantly, our team prioritized the
communities and took community feedback seriously, even as it required
additional rounds of protocol revisions with the team, preparing amendments
to our IRB protocol, and delays while waiting for IRB approval. By the end
of the project, we had used a multi-pronged approach that had provided
participants with culturally- and linguistically-appropriate informed consent
by offering: written and verbal explanations in Hmong and Karen; visual aids
explaining the project; accessible, familiar, and trusted meeting locations; and
opportunities for discussion with community peers.

Ensure Shared Decision-Making Throughout All Phases of the Study

The academic-community research team shared decision-making about
study design, recruitment and consent methods, sample collection, results
interpretation, and dissemination. Each phase included the academic-
community researchers and CAB members in rigorous iterations of revisions.
For instance, after CAB discussions identified that recent Hmong arrivals from
Southeast Asia were mostly women, the study design was modified to only
include women. Similarly, we abandoned scientific research plans for a
randomized control trial to evaluate how inulin fiber ingestion affects the
microbiome, due to CAB concerns about the abortifacient potential of inulin/
chicory root fiber (Ernst, 2002). Instead, we added a controlled dietary
intervention experiment in mice that allowed us to test a similar scientific
hypothesis while respecting the perspectives and concerns of the community.

Recruitment and enrollment strategies were continuously refined based on
participants’ feedback. We began with group presentations at community-
based centers that offered a shared space for questions, concerns, and
perspectives among peers. We eventually expanded our recruitment strategy to
include digital media, table-based presentations at community spaces, letters,
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phone calls to clinic patients, and word of mouth. Each approach had its
own strengths, but the key to successful enrollment was obtaining personal
connections that were based on trust.

Interpretation of Results
Encourage Co-Learning Between Academicians and Communities

The CBPR process facilitated co-learning between academic and
community partners while maintaining a balance of power. One example was
how we interpreted the underlying mechanisms of increasing obesity in the
U.S. Although increased rates of obesity among immigrants and refugees has
been partly attributed to dietary acculturation (Antecol & Bedard, 2006;
Mulasi-Pokhriyal et al., 2012; C. Smith & Franzen-Castle, 2012) members of
the Hmong and Karen communities explained that their lived experiences did
not support these findings, as people had seemingly continued to eat their
traditional diet. Our study showed that caloric intake was similar between
Hmong and Karen groups in Thailand and the U.S. (Vangay et al., 2018), and
that diet accounted for only 16% of gut microbiome variation. Hence, our
research findings support the communities’ lived experiences, and highlight
the importance of incorporating community perspectives into research
interpretations.

Furthermore, analyzing dietary data presented some challenges, as many
Hmong and Karen cultural foods were not easily identifiable in U.S.-based
food databases. To ensure that the richness of the dietary data was fully
captured, community researchers conducted a multiple pass 24-hour dietary
recall (Gibson et al., 2017) in the participant’s preferred language and
translated the information into English if needed. Academic researchers then
checked the foods against an existing U.S.-based food database, and if missing,
manually curated a custom food database for analysis. The sheer number of
missing foods was one of several reasons that led academic researchers to
develop a new method for analyzing dietary data with the microbiome data,
which ultimately ensured that all reported cultural foods were accounted for
(Johnson et al., 2019). Accounting for the cultural foods was important for
the community, and it enabled academic researchers to more accurately analyze
the diet-microbiome associations, which could not have been accomplished
without co-learning with the community researchers.

Acknowledige that Results Could Implicate Individual Bebavior and
Thus Result in Experience of Shame

The environment has been shown to play a larger role than genetics in
shaping the gut microbiome (Rothschild et al., 2018). While diet is known
as an important driver of gut microbiome composition (David et al., 2014;
Muegge et al., 2011; Wu et al., 2011), we found that our participants’ gut
microbiomes “Americanized” at a faster rate than their diets did. Both Hmong
and Karen CABs reflected that diet and exercise is not always a “personal
choice,” as they have access to fewer cultural foods and fewer opportunities
for physical activity in the U.S. We strove to avoid intimating that Hmong
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and Karen’s health outcomes are related to personal “choices” and instead
highlighted the benefits of their traditional foods and practices, which can be
seen through our dissemination activities below.

Dissemination
Acknowledge That Defining “Action” is an Iterative Process

While the study was designed with the intent to inform action, our research
results could not clearly define actions to improve gut microbiome health.
The academic-community partnership redefined “creating action” to include
building a foundation of knowledge about the gut microbiome (an unfamiliar
topic for Hmong and Karen community members), and stressing known diet
strategies that could strengthen the gut microbiome. We started to build
knowledge about the gut microbiome during recruitment by asking CAB
members to identify concepts of overall health and “gut health” in their
respective communities. We then integrated science and nutrition education
during dissemination processes with the concept of maintaining traditions
that support gut health through dissemination pamphlets, presentations, and
videos. These materials made recommendations specifically to benefit gut
microbiota (i.e. dietary fiber and fermented foods), while reinforcing the
known benefits of consuming fruits and vegetables. Both Hmong and Karen
community researchers and CAB members reflected that translating research
into action takes time and cannot be rushed.

“That’s research, sometimes the action doesn’t come until after
the results... we could let it happen organically. We don’t always
have to rush to deliver that action.” (Hmong CAB Member)

Design Dissemination Strategies Together with the Community

We used an iterative strategy to create communication materials that
emphasized images, narratives, and analogies over written explanations. This
iterative process was essential in making dissemination meaningful for
participants while adhering to scientific accuracy.

The two communities had different preferences for how our study results
should be disseminated. The Hmong community researcher and CAB
members reflected that while the written mailings were acceptable, they had
a stronger preference for communication via social media. The Karen
community researcher and CAB members stated that the animated videos
and in-person engagement were more effective than the mailings, and also
recommended more education on the new concepts of bacteria and the
microbiome. As a result, our dissemination strategies included: illustrated
pamphlets in English, Hmong, and Karen mailed to all participants; animated
videos in each language distributed via social media and YouTube as well as
physical USB drives; a central website about study results; and in-person
workshops tailored for the two communities (https://www.knightslab.org/
immigrant-microbiome-proj). We partnered with local organizations to

conduct workshops for each community based on research results combined
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with skill-building exercises, per each community’s request. Hmong
community members identified traditional practices, like farming and diets
based on fresh vegetables, as a strength. Thus, we designed workshops for the
Hmong community to support and encourage innovative Hmong farming
practices and traditional Hmong cooking, which is primarily plant-based. The
Karen CAB revealed that many Karen needed basic nutrition education for
navigating U.S. grocery stores and kitchens before recommending actions for
gut health. Thus, we partnered with the UMN Extension program to tailor a
series of nutrition and cooking workshops for the Karen community. While the
workshops were designed to address each community’s needs, we used them as
a platform to introduce the concept of the gut microbiome and to share our
research study results.

Allow Flexibility for Long-Term Commitments to On-Going
Partnerships and CBPR Projects

The academic-community research team repeatedly expressed their desire
for a long-term partnership to advance science and benefit the communities.
Although the project took place over five years, was limited by research
practices (e.g. grant timelines, graduate student program), and CAB
membership changed over time, the academic-community research team and
CAB members expressed a desire to continue the discussion of next steps.
Indeed, subsequent funds are leading to additional research projects with the
Hmong and Karen communities.

Discussion

The IMP successfully partnered academics with community members to
conduct, analyze, and disseminate gut microbiome results from a microbiome
research study of Hmong and Karen communities in Minnesota and Thailand.
The CBPR process helped to foster egalitarian partnerships and to enable
a credible and trustworthy study that invited community participants to
overcome their concerns and discomforts, such as collecting stool and sharing
personal data. CBPR improved the efficiency and practicality of our project,
through narrowing the research sample population and adjusting the
intervention design to fit with community interests. Without those
adjustments, the study may not have been feasible and could have caused harm
and contributed to distrust. Finally, CBPR principles allowed us to prioritize
the dissemination process and tailor materials for the Hmong and Karen
communities. Improvements to recruitment and participation, research
quality, and dissemination quality are all frequently described outcomes of
CBPR studies (Jagosh et al., 2012; Viswanathan et al., 2004).

Efforts to include diverse populations in human microbiome studies have
been limited but include citizen science projects (Bik et al., 2014; Gilbert et al.,
2014; McDonald et al., 2018), community-based projects (Sankaranarayanan
et al., 2015; Smits et al., 2017), clinical projects (Fettweis et al., 2014; Mondal
et al., 2012; M. I. Smith et al., 2013; Subramanian et al., 2014), and targeted
cohort studies (Fu et al., 2019; Kolonel et al., 2000). To our knowledge, only

Journal of Participatory Research Methods

10



Participatory Microbiome Research With Hmong and Karen Communities: Lessons Learned

one other microbiome study has used a CBPR approach (Obregon-Tito et al.,
2015), which underscores the need for fostering this practice in microbiome
research.

The IMP illustrates how CBPR can be a useful approach for conducting
microbiome research studies with refugee populations and to support efforts
to make microbiome research more inclusive and equitable. Our findings
demonstrate that in addition to improving the validity and efficacy of research
projects, CBPR can be a tool to create respectful partnerships, build trust
between community members and researchers, and ensure that research results
are returned to the community as actionable items that can improve health.
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