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Abstract

Longitudinal biomonitoring studies during preconception, pregnancy and early childhood are highly valuable
tools for assessing environmental chemical exposures during sensitive windows and their effects on health and
development. For the past 15 years, the Maternal-Infant Research on Environmental Chemicals (MIREC) Research
Platform has been Canada’s flagship study of the long-term effects of early life exposure to environmental
chemicals. In light of the evolving scientific and legislative landscapes and need to address emerging research
questions, MIREC Platform researchers at Health Canada consulted with scientific investigators of other cohort
studies to inform the development of a future preconception or pregnancy longitudinal biomonitoring study. This
effort included 1) hybrid consultation meetings on Dec 6, 2024 (Toronto, ON) and Jan 21, 2025 (Ottawa, ON) and 2)
a virtual seminar series from October 2024 to June 2025 hosted by the Health Canada MIREC team. Our objective
here is to share lessons learned from this consultation. We report on key lessons learned related to the themes

of: 1) participant engagement, recruitment and retention, 2) validity and causal inference, and 3) study longevity.
While the ultimate goal of this consultation was to inform future longitudinal biomonitoring studies in Canada, the
content is largely generalizable and relevant to others planning, modifying, or evaluating observational research in
reproductive and environmental epidemiology.
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Background

Longitudinal biomonitoring and health outcome studies
during preconception, pregnancy and early childhood
are highly valuable tools for assessing environmen-
tal chemical exposures and their health effects during
sensitive windows. For the past 15 years, the Maternal-
Infant Research on Environmental Chemicals (MIREC)
Research Platform has been Canada’s flagship study of
the longitudinal effects of early life exposure to environ-
mental chemicals. MIREC began as a pregnancy cohort
that recruited approximately 2000 participants from 10
Canadian cities during their first trimester of pregnancy
(2008-2011) and has since followed the original par-
ticipants and their children for over 15 years [1] (Fig. 1).
MIREC was conceptualized during a time of growing
scientific recognition of the Developmental Origins of
Disease — or Barker Hypothesis [2] — and recognition
that children’s environmental health warrants a spe-
cial research focus [3-5]. It was within this context that
Health Canada and Environment and Climate Change
Canada convened a Canadian Children’s Environmental
Health Research Workshop and recommended a pan-
Canadian pregnancy cohort study to address concerns
over environmental chemicals [6].

MIREC researchers have since generated substan-
tial evidence on levels of exposure to, and health effects
associated with, environmental chemicals during preg-
nancy and childhood [7], produced the first and only bio-
monitoring data on multiple priority chemicals during
pregnancy and early life, developed a biobank with over
300,000 biospecimens and 1,000,000 laboratory results
and contributed to Canadian and international chemi-
cal risk assessments and risk management activities.
The value of the MIREC Research Platform continues
to grow with long-term follow-up and investigation of
novel research questions regarding the interplay between
environmental chemicals and onset of new reproductive
milestones for mothers and youth, including menopause
and puberty, respectively.

There are limits, however, to the scope of research
questions that can be answered with MIREC data.
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Historical biospecimens cannot be used to assess con-
temporary exposure profiles to new and emerging chemi-
cals of concern. Moreover, the MIREC study did not
set out to specifically engage with individuals who may
experience intersecting socioeconomic marginaliza-
tion and environmental chemical exposure. The MIREC
study participants — as with many pregnancy cohorts
initiated during the same time period [8-10] — are rela-
tively homogeneous in terms of socioeconomic sta-
tus and racial and ethnic characteristics. For example,
approximately 80% of participants were born in Canada
and self-identified as White and the majority of partici-
pants had household income over $80,000 CAD [1, 11].
Furthermore, MIREC was not designed to assess pater-
nal or preconception environmental chemical exposures.
New research studies with novel approaches to study
design are needed to address these data gaps and inform
chemical risk management and assessment activities. The
scientific need for these data aligns with recent amend-
ments to the Canadian Environmental Protection Act,
1999 (CEPA) [12].

CEPA is an important part of Canada's federal environ-
mental legislation aimed at preventing pollution and pro-
tecting the environment and human health. This Act was
amended in June 2023, and updates include the recogni-
tion that that every individual in Canada has a right to a
healthy environment, as provided under CEPA, subject to
reasonable limits. Amendments also required the devel-
opment of an implementation framework to set out how
this right can be considered in the administration of the
Act. The framework identified procedural elements of the
right, including access to information and participation
in decision-making, and elaborated on three new prin-
ciples to be upheld under CEPA: environmental justice,
intergenerational equity, and non-regression (Table 1)
[13, 14]. Furthermore, requirements were introduced to
undertake research, studies or monitoring activities to
support the protection of the right, and to conduct bio-
monitoring surveys, as part of the Minister of Health’s
obligation to conduct research and studies relating to
the health effects of substances, including specifying that
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Table 1 New principles to be upheld in the administration of
CEPA

« Environmental Justice seeks to advance the fair and equitable protec-
tion of all people in Canada from disproportionate environmental

or health risks and to advance their equitable access to meaningful
participation in decision-making under the Act

« Intergenerational equity emphasizes that it is important to meet the
needs of the present generation without compromising the ability of
future generations to meet their own needs

« Non-regression means to prevent reduced levels of environmental and
human health protection and, where feasible, to continuously improve
these levels of protection

these activities may relate to vulnerable populations (i.e.,
populations who may be disproportionately impacted)
[15].

In recognition of this legislative and scientific land-
scape, MIREC Platform researchers at Health Canada
consulted with scientific leads of other cohort studies
to inform the development of a future preconception or
pregnancy longitudinal biomonitoring study in Canada.
This effort included 1) hybrid consultation meetings on
Dec 6, 2024 (Toronto, ON) and Jan 21, 2025 (Ottawa,
ON) and 2) a virtual seminar series from October 2024
to June 2025 hosted by the Health Canada MIREC
team. Participants were asked to provide details on
their cohort’s study design and data collection, reflect
on the successes and difficulties they encountered, and
offer their advice on building a new cohort. The main
themes and conclusions from these consultations were
derived using an informal process. The lead author col-
lated themes and notes from multiple team members
and reviewed the recordings of all seminar series. All
co-authors were present for the consultation meet-
ings or seminar series and reviewed the content of this
manuscript.

Our objective here is to share lessons learned from
this consultation. We identified several primary themes:
1) participant engagement, recruitment and retention,
2) validity and causal inference and 3) study longevity.
While the ultimate goal of this consultation was to inform
a specific future Canadian research program, the content
is largely generalizable and relevant to others planning,
modifying, or evaluating observational research in repro-
ductive and environmental epidemiology.

Intra-study lessons learned in engagement,
recruitment, retention

Recognizing that quality research hinges upon the suc-
cessful engagement, recruitment and retention of par-
ticipants, the importance of cohort care was a dominant
theme in our consultations. Cohort care embodies the
need to be patient, polite and precise and the ‘We are
here for you' attitude. As noted by Dr. Pal Weihe of the
Faroe Islands cohorts, ‘All participants are treated like
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Table 2 Principles to facilitate successful cohort care
- Branding

- Listening

- Adapting

« Reciprocating
« Connecting

precious customers — not patients! Building upon this
overarching theme, we identified five key principles to
facilitate successful cohort care (Table 2). While there is
overlap among these principles, we provide our interpre-
tation and specific examples below.

Branding

Research may benefit from leveraging marketing and
social media strategies to make the research relevant to
and engaging for prospective participants.

The Faroe Islands studies provide a compelling exam-
ple. A total of 3000 mother—child pairs were recruited
into six prospective birth cohorts in the Faroe Islands.
The earliest cohort recruited 1022 pregnant participants
in 1986-1987. Over 700 of these children returned for a
follow up visit in 2014—-2015 representing a nearly 70%
retention over 28 years [16]. The high participation and
retention in these studies can be partially attributed to
Pal Weihe. He is well respected in the community, and
has been the Medical Director of the hospital system and
Chair of the Faroese Board of Health. He has person-
ally reached out to community members to invite them
to participate in the research. His role as a well-known
and trusted ‘public health celebrity’ enhances prospec-
tive participant’s trust and interest in participating. (As
an example of his face recognition, he has been featured
on milk cartons encouraging people to drink milk).
Although this example may be unique to the Faroe Island
context, and difficult to replicate in study populations
that are more geographically and demographically het-
erogenous, it does demonstrate the power of building a
research ‘brand’ that has a local centre of gravity and a
familiar and trusted lead.

More contemporary cohorts are effectively using social
media to generate interest, recognition and cohesion
[17-19]. The Calgary (Alberta, Canada) based P3 Cohort
study [17], for example, posts recruitment advertise-
ments on Instagram and Facebook as well as engaging
updates for current and prospective participants. These
include pictures of research leads, new cohort babies,
and posts celebrating events such as International Wom-
en’s Day. This type of engagement creates a sense of vir-
tual community for current and prospective participants
and may enhance long-term retention particularly if the
study communication strategies and incentives adapt to
the relevant life stage of the cohort.
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While branding can build a sense of community, the
brand must evolve with the cohort. As pregnancy cohorts
‘srow up; the messaging and engagement strategies need
to shift from a focus on early life development to middle
childhood, adolescence and beyond [20]. In addition to
the evolving focus on the offspring, continued engage-
ment with mothers requires adapting research, mes-
saging and engagement to their health issues in midlife.
The Pregnancy Study Online (PRESTO), a US web-based
preconception study [21], for example, just launched a
10-year follow-up of couples enrolled in the study with
a focus on medical conditions common in mid-life (e.g.,
hypertension, diabetes, autoimmune diseases), as well as
menopausal symptoms and weight change. Keeping the
study focus relevant to the changing ages and life stages
of participants is critical for ongoing engagement and
perceived relevance.

Branding has also been used to address attrition. Proj-
ect Viva study (Boston, MA, USA) researchers noted
higher attrition in male adolescent and young adult par-
ticipants than females [22]. In response, the Project Viva
team updated their communication materials, including
the website, to include pictures of boys and young men
— not just pregnant women. In addition to enhancing
engagement, branding may be an effective tool for mak-
ing research relevant to participants who have tradi-
tionally been underrepresented in environmental health
research. Two important subgroups that were discussed
in our consultations were fathers and marginalized
communities.

Reaching fathers

Despite the importance of paternal environmental
chemical body burden on couple-based outcomes such
as fecundity [23, 24], researchers have been challenged
to successfully engage fathers in environmental and
reproductive health research [25-27]. The P3 pregnancy
cohort study (recruitment 2021-2025) recruited 43% of
fathers/partners that were invited by their partners [28].
In the PRESTO study, 57% of female participants invited
their male partners to complete a baseline questionnaire;
of those, 50% agreed to participate. Partner involvement
differed by socioeconomic status and race and ethnic-
ity; with married, more educated, White women more
likely to invite their partners [21]. European studies, such
as the Dutch Generation R (GenR) [29] and the Norwe-
gian Mother, Father and Child Cohort (MoBa) [30], have
demonstrated success in recruiting fathers — and even
collecting biological specimens — but have measured
environmental chemicals in those specimens to a limited
extent, in part because environmental chemicals were
not the main focus of the research platforms. The lack of
paternal biospecimen data is a noted gap in the field of
reproductive health research [31].
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One of the determinants of this gap is the persistent
view that fertility is a woman’s health issue, difficult for
men to engage in or discuss and, therefore, not wholly
relevant to fathers [25]. Put simply, the traditional view
is that men are not expected to be engaged and there-
fore do not engage [26, 32]. Branding the research in a
way that enhances relevance to a prospective father
may motivate paternal engagement and mitigate this
dogma. PRESTO researchers, for example, piqued the
curiosity and engagement of male partners by conduct-
ing a sub-study on semen quality and providing at home
sperm tests [33]. Framing the research in terms of health
of the couple or family rather than through the lens of
women’s health is another successful strategy. The Lon-
gitudinal Investigation of Fertility and the Environment
(LIFE) study (2005-2009), one of the few preconception
studies with biomonitoring data in both partners, suc-
cessfully recruited and retained both male and female
partners. Using a population based sampling frame in
two US states (Michigan and Texas), they recruited 501
couples and reported that male partners’ degree of par-
ticipation was comparable to female partners for mul-
tiple study components including completion of baseline
interviews (100% males, 100% females), daily journals
(84% males, 87% females) blood collection (99.4% males,
99.8% females), and urine collection (100% males, 100%
females) [34]. The P3 and PRESTO research teams simi-
larly found that participants whose partner also partici-
pated were less likely to drop out of the study [35, 36].
Project Viva researchers attempted to contact fathers in a
follow-up effort but encountered challenges; some moth-
ers did not want the study team to reach out to fathers
and some youth had no ongoing relationship.

Future research may benefit from intentionally fram-
ing reproductive health as health of the family or couple
rather than just the mother and engaging with fathers
directly at the outset of the study design to determine
how to maximize participation.

Reaching marginalized communities

As previously noted, many North American pregnancy
cohorts have recruited relatively homogenous study pop-
ulations. As a result, study findings may not be generaliz-
able to individuals experiencing intersecting health risks
and environmental chemical exposures. Furthermore,
homogenous study populations preclude disaggregated
data analysis designed to assess exposures and health
risks in population subgroups. Barriers to involvement
may be related to lack of trust, social inequities, cultural
relevance or participant burden. Designing biomonitor-
ing research that is relevant and accessible to commu-
nities experiencing marginalization requires concerted
efforts throughout the life course of the study to co-cre-
ate strategies to mitigate these barriers. Strategies may
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include minimizing participant burden, addressing social
inequities, building trust and being culturally relevant
and safe [37-41].

Health Canada researchers have initiated the Reimag-
ining Research feasibility study to further explore how to
make biomonitoring research more inclusive, relevant
and without harm to communities typically underrep-
resented in biomonitoring research (i.e. low-income,
racialized, or newcomer (immigrant) [42]). Research-
ers found that there was notable support from commu-
nity service providers and community members for a
shift from a top-down traditional model of study design
towards a community-centred approach that would
involve ongoing exchange, collaboration, and reciproc-
ity among researchers and the community (Fig. 2).
Consistent with the principles of community-based par-
ticipatory research [43, 44], the success of this model of
research hinges upon trust-based partnerships between
the community and the research team to develop and co-
implement research. In the case of community-centred
research, branding may include building on relationships
between community and established community service
providers, or anchoring the study with a trusted partner/
provider in the lead role.

Listening

Participant input throughout study conceptualization,
design and implementation can enhance the meaning
and relevance of research to participants. Participant
input can also be a valuable means for identifying and
responding to barriers to participation.

Conventional (top-down)
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Participant advisory boards

Several cohort studies have initiated focus groups, par-
ticipant advisory boards, and closed Facebook groups
with both mothers and youth [17-19, 30]. By receiving
input on study-related motivators and barriers to partici-
pation, study teams have had the opportunity to respond
to participant priorities and concerns. For example, the
P3 team launched a sibling study following interest in
understanding the impact of siblings on child develop-
ment. Similarly, investigators of the Alberta Pregnancy
Outcomes and Nutrition (APRoN) study, another Cana-
dian pregnancy cohort study [9], made resilience a focus
of their 15-year follow up based on advisory board feed-
back and team discussions. MIREC has also initiated a
youth advisory council to receive input on planning for a
follow-up study focused on adolescent health, including
timing of puberty.

These efforts also allow participants the well-appreci-
ated opportunity to connect with each other and be part
of a community within the research study. P3 research-
ers initiated a Facebook group just for partners, as well
as for parents of preterm birth infants and for partici-
pants based on the year they delivered (i.e. 2022 babies,
2023 babies etc.). Participants used these groups to find
new friends who also are new mothers and to organize
local meetups amongst themselves. These groups were
launched to respond to feedback that participants were
feeling lonely and isolated in their new roles as parents.
These Facebook groups gave the P3 team the opportu-
nity to ask simple, specific questions such as how often
the participants want to hear from the study. Going for-
ward, P3 researchers will investigate whether participa-
tion in these groups helps promote more of a connection
with the study and ultimately enhance retention. These
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initiatives — particularly those that involve interaction
among participants — represent a shift in ethical and sci-
entific integrity perspectives from concern about pre-
serving participant privacy and confidentiality towards
enhancing engagement and the value of fostering
research as a community in and of itself. It is worth not-
ing, however, that groups formed around ‘parenting’ or
‘birth cohort’ status may pose psychological hardships for
some participants in preconception cohort studies where
not all couples conceive and/or some couples experience
pregnancy loss during the study period.

As another example, the community advisory board for
the Health Outcomes and Measures of the Environment
(HOME) Study, a Cincinnati, US based cohort study [45],
provided guidance on recruitment strategies; specifically,
they suggested a ‘run-in’ period so women could discuss
the study with family and friends before committing to
participate. This strategy allowed potential participants
the time to think about participating before investing
their — and the study staff’s—time in completing con-
sents and questionnaires. Once under way, the HOME
Study team demonstrated reciprocity by providing base-
ball game tickets and an event at the Cincinnati Zoo to
participants. This event also met the goal of fostering a
sense of community while also allowing participants to
either self-identify or remain anonymous. This type of
approach is likely to be most effective in studies such as
HOME or P3 where participants are based in one city.

Qualitative research

During the study offers another valuable means of gain-
ing participant feedback. PRESTO study researchers con-
ducted interviews and focus groups with male and female
participants to understand factors related to participating
in fertility research. In addition to identifying barriers to
participation, the researchers learned that male partners
may be motivated to participate by the desire to support
their partner and opportunity to gain knowledge about
fertility issues [25].

Project Viva researchers conducted focus groups with
mothers and adolescent participants to learn more about
facilitators and barriers to ongoing participation. Both
reported that supporting science was a major facilitator
to remaining in the study and time constraints were an
important barrier. Both groups desired more informa-
tion about the scientific findings that had resulted from
the study. Incentives were especially important to moti-
vate youth participants, although the form of the incen-
tive changed over time. For example, while books and gift
cards to toy stores were appropriate in early childhood,
teens were more interested in cash. At all time points,
participants appreciated tangible reports of their involve-
ment such as their bone scan images and results.
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Adapting

Flexible study designs that can adapt to a participant’s
capacities, interests and ages may promote engagement,
recruitment, and retention by optimizing the balance
between data collection and participant burden. The
need for, and benefit of, being flexible was exemplified
during the COVID-19 pandemic. MIREC researchers, for
example, pivoted from in-person recruitment and clinic
visits in the MIREC Pubertal Timing, Endocrine and
Metabolic Function (MIREC-ENDO) follow-up study to
a remote questionnaire for puberty follow-up. Quickly
pivoting to this global phenomenon facilitated recruit-
ment of 273 children who otherwise may not have been
included in the study [11].

Remote recruitment and data collection

Are feasible strategies to minimize burden while enabling
participation. Remote recruitment through social media
and targeted website advertising has been successfully
performed in both preconception and pregnancy studies
[21, 28] as determined by recruitment yield, cost-effec-
tiveness, and participant burden. In PRESTO, Facebook
was the highest yield in terms of cost and resulting
recruitment [21] whereas in P3, a newer cohort, Insta-
gram and Facebook were both cost-effective platforms
for recruitment [28].

In the PRESTO study, 89% of screened individuals
met the eligibility criteria (i.e. planning pregnancy, age
requirements). This yield suggests that internet-based
recruitment is an effective means of targeting pregnancy
planners [21]. Furthermore, although internet-based
studies tend to yield sociodemographically homogenous
populations, the P3 study identified that socioeconomic
status did not differ by recruitment from social media vs
traditional methods (posters and postcards) [28].

Although not experienced by all web-based studies,
some researchers have found that internet-based recruit-
ment may come with issues related to fraud [46]. Follow-
ing initial recruitment efforts, 78% of consents received
by the P3 team were fraudulent. Subsequent to this
experience, the P3 team implemented fraud-mitigation
measures such as CAPTCHAs, IT monitoring, cross-
checking data, IP addresses, verification via personal
health numbers and linkage to a province-wide electronic
medical record system [28].

Remote biological specimen collection also offers the
possibility of greatly reducing participant burden. Both
the US Environmental Influences on Child Health Out-
comes (ECHO) consortium [47, 48] and the PRESTO
study [31] are implementing self-administered data and
biospecimen collection including blood samples for
measurement of environmental chemicals. PRESTO
researchers, for example, demonstrated that mail-based
biospecimen collection of both blood and urine is feasible
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and of comparable cost to in-clinic collection [31]. Simi-
larly, the APrON study successfully piloted remote bio-
logical sample collection during a COVID-19 sub-study
and has since moved towards mail-based biospecimen
collection as part of their larger and continued follow-up.
Challenges of remote specimen include variable time that
samples are in transit and temperature control as well as
constraints on sample processing and biobanking. Never-
theless, remote specimen collection represents a feasible
and promising method to enhance the number of par-
ticipants who are able to provide biospecimens. In con-
trast to remote collection where participants mail in their
biospecimens, home-based biospecimen collection is a
strategy for minimizing participant burden that requires
study staff to collect biospecimens in participants’
homes. While it offers the advantage of putting the travel
burden on the research team rather than the participants,
it requires sufficient number of staff in geographic prox-
imity to participants and mutual feelings of safety and
comfort from both participants and staff.

Integrating sub-studies

Offering differing levels of involvement is another means
of enhancing participation among individuals with con-
straints in their ability to participate. The P3 study team
has conducted several optional sub-studies focused
on siblings, high risk pregnancies, brain health, and
depression. They also initiated a novel sub-study design
to enhance engagement among individuals with low-
income, which was designed to evaluate the impact of
a small, unrestricted cash transfer ($100 per month via
electronic gift cards) on health outcomes collected via
routine administrative health data for low-income preg-
nant people. Considering that the success of these sub-
studies — each of which has its own eligibility criteria
— is dependent upon ongoing recruitment into the full
cohort, cohort care for the full cohort remains a priority.

Randomized controlled trials (RCT) are another effec-
tive, powerful research design that can be nested into the
full cohorts of sufficiently large size and are less subject
to the selection bias inherent in an optional sub-study.
The HOME Study was initiated as a RCT to assess the
impact of environmental lead and injury hazard controls
on children’s blood lead levels and risk of injuries [45, 49].
In contrast, PRESTO researchers used a RCT after the
study was initiated to assess how providing home preg-
nancy tests to participants impacted cohort retention
and pregnancy detection [50] and to assess the extent to
which randomization to a premium fertility-tracking app
(FertilityFriend.com) increased fecundability [51].

The ECHO Consortium plans to leverage a case-cohort
design to maximize study power without needing to ana-
lyze biospecimens from every participant [52]. In this
design, all pregnant participants provide biospecimens
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during pregnancy and all child participants are followed
for development of child health outcomes. Once children
are old enough to meet case definitions for specified child
health outcomes, a random sample of all children will
be selected and augmented with additional participants
who met the case definition(s) during follow-up. Bio-
specimens from this case-cohort sample will be analyzed
for environmental exposures of interest. Associations of
environmental exposures with the specified child health
outcomes, as well as other outcomes, can be estimated
by applying statistical weighting to account for overs-
ampling of cases. This cost-saving approach is particu-
larly well-suited to studying rare outcomes within a large
cohort [52].

Leveraging existing data

Leveraging and linking to data collected for other pur-
poses (e.g. administrative databases, birth registries)
greatly increases the breadth of questions that research-
ers can ask and the availability of existing data at a low
cost [53, 54]. Linkages with health administrative data
can leverage the identification of rare diseases, such as
childhood cancers, allows evaluation of healthcare bur-
den over time, and enables examination of long-term
health outcomes. Data linkage may also limit loss to fol-
low-up, and support cohort care by reducing unnecessary
follow-up. The value of data linkage is also seen where
large but ‘shallow’ datasets such as electronic medical
records (e.g., physician visits, hospitalizations, prescrip-
tions) can enrich targeted smaller datasets of, for exam-
ple, participants with extensive, resource intensive data.
Multiple studies have used data linkage approaches and
they are most feasible when consent for linkage is sought
at the outset of the study and most valuable for health
outcome data that are routinely collected in administra-
tive data. Linkage with environmental data is also a possi-
bility and typically does not require upfront consent; the
Canadian Urban Environmental Health Research Con-
sortium (CANUE) (canue.ca) is a possible resource for
this type of linkage.

A priori and post hoc oversampling

Oversampling has been a successful strategy for ensuring
that certain populations are represented in a study. The
HOME study successfully oversampled Black partici-
pants at the study baseline in their investigations of child-
hood lead exposure [49]. Oversampling in the PRESTO
increased the percent of self-identified racialized par-
ticipants in the mail based collection protocol from 15 to
33% [55].

Reciprocating
In addition to compensating participants for their
time and involvement, sharing what the study has
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discovered is a critical cohort care strategy and helps
participants understand the significance of their involve-
ment. Researchers and ethics boards increasingly rec-
ognize the value of and ethical responsibility to provide
results back to participants. At the time of the original
MIREC study, the primary research ethics board did not
permit return of individual level results for which there
were no health based guidelines. Their rationale was that
the ethical principle of non-maleficence outweighed the
principle of autonomy and beneficence. There was con-
cern that providing individual results without being
able to contextualize the potential risks would create
more anxiety than benefit [56]. Since that time, report-
ing results back to participants has become more clearly
established as an ethical responsibility and a key compo-
nent of biomonitoring research [57, 58]. The PRESTO
study has used the Digital Exposure Report Back Inter-
face (DERBI) developed by the Silent Spring Institute
[59] to share individual level biomonitoring results with
participants. Results are contextualized within the larger
population and national levels and supplemented with
information on how to reduce exposure levels. PRESTO
researchers found that giving back to participants fosters
trust and increases participation. Other studies, such as
Project Viva, HOME, and APrON, have found value in
providing results of images such as bone scans or brain
anatomical images. These experiences are aligned with
conclusions from a 2023 workshop organized by the
National Institutes of Health confirmed the value of
returning individual level research results to pregnant
or pediatric participants particularly when delivered in
a flexible platform and partnered with information on
strategies for reducing exposures and associated risk [60].
Providing aggregate results in the form of social media
posts, website infographics, or lay summaries of publica-
tions is a more common and feasible approach for shar-
ing information. Lay abstracts of study publications are
a common strategy used by multiple studies; however, it
is a challenge to create a product that meaningfully rep-
resents the science and is relatable to participants. For
example, a Project Viva youth participant noted ‘there’s a
bunch of publishing I didn’t understand — none of them!

Connecting

Across all these principles of branding, adapting, listen-
ing, and reciprocating is the need for trust-based connec-
tion between participants and study staff. In addition to
the aforementioned efforts to foster connection between
researchers and participants and among participants, the
value of engaged, long-term staff cannot be overstated.
As noted by one researcher, people will not remember
what they did in a study but they will remember whether
they had a positive interaction with the research staff.
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Retention, and sufficient training, of staff is just as impor-
tant as retention of participants.

Dedicated effort and time are needed to maintain con-
tact with participants as the study progresses to mini-
mize attrition and resulting potential selection bias.
Researchers need to make best efforts to maintain up
to date contact information by asking for alternate con-
tact information, conducting internet searches or using
tracking experts. Consistent with the principle of meet-
ing people where they are at, the Project Viva team has
conducted travel visits to cities around the US to allow
participants who used to live locally the chance to con-
tinue to participate. Additionally, the HOME Study pays
for participants to fly back to Cincinnati for study visits.
Study staff need to be dedicated detectives to maintain
up to date contact information. In the case where effec-
tive branding includes creating a relatable connection
with the principal investigators of the study (as with the
Faroese cohorts), branding and connection may be co-
implemented. In the case where this is not possible, or in
cases where experienced study staff cannot be retained
long term, creating a study culture that includes a focus
on cohort care and respectful, open, honest communi-
cation may contribute to fostering connection with the
study, even if the individuals involved change.

In summary, though presented separately, these five
principles are closely interconnected and all necessary to
facilitate a study culture where participants feel a sense
of affinity to the research. The logistical efforts required
to implement and track these principles ideally translate
into a sense of collective belonging to the study as a com-
munity in and of itself. Though less tangible, this affinity
to the research and creation of research as a community
is a key research ingredient that is sustainable and inclu-
sive of typically underrepresented individuals. Cohort
care, therefore extends from being patient, polite and
precise to building reciprocal trust-based relationships.
This is the type of work that reminds researchers that
— as Irving Selikoff noted—the people behind our data
tables are real though their tears have been wiped away
[61]. The value of restoring and maintaining trust in pub-
lic health cannot be overstated; fulsome implementation
of cohort care, therefore, has implications beyond the
objectives of a specific research project.

Inter-study lessons learned to enhance validity and
promote causal inference

Validity

A recurring theme in our meetings was the need for
high quality data with minimal bias and measurement
error. Although this need is present in all epidemio-
logical research, it is particularly pronounced in repro-
ductive epidemiology given the finite window of key
endpoints which often manifest prior to recognition [62].
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Investigating environmental determinants of fecundity
and fetal loss, for example, requires careful attention to
timing of participant recruitment and accurate assess-
ment of environmental chemical exposures and out-
comes. Biospecimen collection from both parents prior
to conception will help ensure temporality between
exposures and outcomes; however, the largely unob-
servable nature of conception makes preconception
recruitment and biospecimen collection challenging
undertakings. Researchers at our meeting discussed the
trade-offs between selection bias and measurement error
in preconception study designs and recruitment set-
tings (e.g. online [21], fertility clinic [63], interpregnancy
[64], population based [34]). Researchers also discussed
the challenges in measuring chemicals, particularly
non-persistent chemicals, during the critical window of
exposure and noted the value of serial biospecimen col-
lection and pooling [65]. In addition to robust assessment
of exposures and outcomes, our consultation highlighted
the importance of designing studies to robustly capture
factors (e.g., nutrition and physical activity) that may
mediate or modify associations between environmental
chemicals and health outcomes.

Notwithstanding these challenges, there was consensus
that investigating environmental determinants of repro-
ductive outcomes are research priorities. Despite the rec-
ognized multi-faceted burden of fetal loss, for example,
[66] evidence on risk factors other than maternal history
and advanced age is scarce [67]. Epidemiological evi-
dence on known developmental toxicants such as certain
solvent metabolites is also scarce [68]. As one researcher
noted ‘mortality is our most critical outcome’ in repro-
ductive epidemiology. In the absence of epidemiological
data on fetal loss, risk assessors are required to rely on
experimental evidence of chemical-induced mortality in
animal models. The onus is on the research community,
therefore, to fill these gaps while employing best prac-
tices to maximize internal validity.

Causal inference

Biomonitoring research, specifically the measurement
of environmental chemicals in human biospecimens,
largely has either descriptive or etiological goals. We
note that the rise of machine learning has led to increas-
ing reliance on prediction models; however, our interest
is primarily in etiological research that aims to identify
potentially causal relationships rather than to predict
outcomes. The collective goal of etiological research is to
address the question of, in the words of Bradford Hill, ‘in
what circumstance can we proceed from observed asso-
ciation to verdict of causation?” [69]. Individual research
studies are responsible for addressing principles relevant
to intra-study design (e.g. temporality, dose—response);
but cannot fulfill the principle of consistency: ‘Has the
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association been repeatedly observed by different per-
sons in different places, circumstances and time?’ This
question justifies the presence of multiple cohorts inves-
tigating similar questions with study designs customized
to local conditions.

Consistency can be obtained by replication of findings
by independent researchers conducting parallel research.
Continued efforts to make data FAIR (findable, acces-
sible, inter-operable, reusable) [70] and conduct pooled
or federated analyses are valuable for further assess-
ing consistency across studies and increasing statistical
power to analyze mediation, moderation, and rare out-
comes. Due to the known ethical and legal challenges to
data sharing and pooling, a priori planning to harmonize
data may mitigate some of these challenges. The MIREC
study benefited from study planning on consultation
with leads of the HOME study and researchers have been
able to conduct pooled analyses of MIREC-HOME data
[71, 72]. The ECHO Consortium is currently collecting
similar data across all cohort sites in its second phase
of data collection. As cohorts age and change, there are
also opportunities to harmonize with past cohorts. For
example, the Canadian Longitudinal Study on Aging
(CLSA) [73] is collaborating with the Canadian Partner-
ship for Tomorrow project, a research platform of mul-
tiple regional cohorts [74], to harmonize data collection
as these regional cohorts age. It is, however, worth noting
that although harmonization has several benefits, there is
also great value in building cohorts and conducting stud-
ies with different designs as it will prevent us from repro-
ducing biases across studies and it provides evidence
from multiple contexts.

Study longevity

Experts in our consultation noted the need for cohort
studies to be innovative, impactful and sustainable. The
most challenging of these pillars is sustainability. Plan-
ning a cohort study is akin to epidemiological forest plan-
ning. It is a long-term investment that needs continuous
nurturing and development to provide the raw materi-
als that may be requested in the future. Initial decisions
regarding leadership, strategic planning and participant
burden are all of critical importance to the successful sus-
tained implementation of a cohort.

Leadership

Long-term success will be enhanced by intentional devel-
opment of multi-disciplinary leadership teams, early
consultation with experts outside the study, and dedi-
cation to training the next generation of scientists. The
HOME, MIREC, APrON, CLSA and GenR [29] stud-
ies demonstrate the value of either a multi-PI frame-
work or having PIs or theme leads dedicated to specific
outcomes which allows them to have non-competitive
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and non-overlapping areas of focus. Project Viva dem-
onstrated the value of developing an advisory board of
researchers early in the project to guide recruitment and
retention strategies. This type of advisory board can offer
a mentor—mentee relationship between researchers with
experience from ‘older’ cohorts and those that are just
starting. Moreover, as birth cohort studies age, there is
a need to onboard new leadership and expertise into the
research team to support the development of new pri-
mary objectives and to reflect the changing life stages of
the cohort. For example, as the cohort grows over time,
the expertise of obstetricians will need to be comple-
mented with expertise in areas such as pediatric endocri-
nology and women’s health. Researchers are encouraged
to identify these future expertise gaps and corresponding
network of co-investigators. Mentoring junior scientists
meets the shared goals of carrying forward the tradition
of academic mentorship and preparing the future leaders
of these cohorts. Researchers in our consultation noted
the benefits of working with and learning from talented
junior scientists and trainees.

Strategic planning
Intentional and early development of the cohort-specific
vision, goals, and policies is a key ingredient for study
longevity. In addition to identifying scientific priorities,
this planning is necessary to establish organizational
structure and management frameworks. The US ECHO
cohort, for example, has developed models for imple-
menting science in the context of a multi-site research
consortia [75]. A priori planning is also necessary to
ensure efficient, productive inter-disciplinary collabora-
tion and co-authorship. To this end, the MIREC Research
Platform knowledge translation policy provides an exem-
plar framework for promoting inclusive collaboration.
MIREC, CLSA and MOBA were all established as
research platforms thus allowing external researchers to
investigate questions outside the initial scope of the study
but requiring up front investments and sustained infra-
structural, personnel and financial supports for managing

Table 3 MIREC biobank scope and access criteria

The objectives of the biobank is to provide a basis for future research
on:

1. Maternal and child exposure to priority environmental chemicals

2. Fetal growth, pregnancy and the health of mothers and their infants/
children

3. Health risks, if any, that are associated with various measures of
chemical exposures

4. Potential mechanisms of toxicity and markers of susceptibility for
adverse pregnancy and child outcomes

Criteria for granting access:
1. Feasibility

2. Scientific value

3. Minimal risk
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these requests. An important component of the MIREC
Research Platform, for example, is the MIREC Biobank
which includes previously collected study data as well as
biospecimens from the initial pregnancy cohort and sub-
sequent follow-up studies. A priori establishment of this
biobank has facilitated efficient, cost-effective use of data
and biospecimens to investigate exploratory research
questions, adapt to emerging research needs and provide
valuable insights without additional costs.

Biobank leadership to guide the development of bio-
bank objectives and criteria is critical for managing
biospecimen access and balancing proximal data gen-
eration with preservation for future, unforeseen needs.
Maintaining a high standard of research for biospecimen
access helps achieve this balance. Table 3 provides an
example of how the MIREC Biobank has defined scope
and access criteria.

Policies specific to which biospecimens can be released
to researchers also guide the balance between current
and future needs. The MIREC Biobank policy requires
researchers to analyze all available biospecimens in the
aliquot from the requested time point. This policy mini-
mizes bias due to sub-sampling, ensures uniformity in
the type of data available for MIREC participants and is
feasible for a study population the size of MIREC (~2000)
but would be overly restrictive and cost-prohibitive for
in larger studies. The ECHO Consortium, as previously
described, and other studies [76-78] are implementing
nested case-cohort or case—control study designs to bal-
ance the need for unbiased sub-sampling with the cost of
analysis [52, 79].

Study design and participant burden
As previously discussed, our consultation identified
principles for promoting and maintaining cohort care.
Mindful attention to these principles during initial study
planning will help maintain sustainable levels of par-
ticipant burden while ensuring that primary study goals
and objectives are met. Researchers are encouraged to
identify key data points that require in-person collection
versus those low-touch data points that can be obtained
through leveraged, passively or remotely collected data.
For example, identifying outcomes that are stable over
time and measuring them less frequently reduces the
need for repeated in-person measurements. Identify-
ing data points that require in-depth, in-person assess-
ment remains essential for maximizing data quality. Our
consultation identified that future studies will benefit
from a combination of low-touch approaches that maxi-
mize sample size and leverage existing data collection
approaches with in-depth approaches that prioritize tar-
geted quality data collection and participant engagement.
Being mindful of participant burden is essential not
only for the success of the ongoing data collection
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PILLAR 1

Reimagining research to a
community-centred approach

PILLAR 2

Building a preconception
parental biomonitoring cohort

— Y
..

PILLAR 3
‘ \
*\L\)MIREC Building a multigenerational
cohort
PILLAR 4

Leveraging existing data

Fig. 3 Multi-pillared approach to inform for the future of longitudinal biomonitoring research in Canada

but also for long-term engagement and affinity to the
research. Even if a participant does not consent to a spe-
cific component of a follow-up study, maintaining contact
and rapport with that participant is essential potential
future follow-up studies. Our consultation discussed the
power of continuing to leverage and learn from cohorts
as they age and evolve into a multi-generational platform.
Multigenerational cohorts are scarce yet suggestive of
the need for further inquiry into the impacts of prenatal
environmental chemical exposures on first generation
fecundity and second generation health [80].

Conclusions
Our consultation identified three overarching lessons
learned for future longitudinal biomonitoring research:

1) promote participant engagement, recruitment and
retention through cohort care;

2) implement data collection procedures that enhance
validity and causal inference; and

3) promote study longevity through practices in
leadership, strategic planning, and study design.

Integrating these lessons into the future longitudinal bio-
monitoring research in Canada will help address identi-
fied priority research gaps. These gaps are the scarcity
of data on priority environmental chemical exposures
and health effects during preconception, in prospective
fathers, and among communities who may experience
marginalization.

This feedback from our consultation can inform the
future of longitudinal biomonitoring and reproduc-
tive epidemiological research in Canada. We propose a
multi-pillared approach that combines both low-touch
and in-depth studies that are rigorously designed and suf-
ficiently powered for the relevant research goal (Fig. 3).
Our overarching goals for this research platform are to
generate biomonitoring and etiological health outcome
data during susceptible life stages and in disproportion-
ately exposed populations that will inform Canadian risk
assessment and risk management activities. We provide a
brief high-level introduction to these pillars below. When
planning priority measures for each pillar, we will aim to
optimize the balance between quality science and bur-
den to participants as well as staff. By combining primary
data collection with existing secondary data, we will
aim to address trade-offs between internal validity and
generalizability.

Pillar #1
Reimagining reproductive environmental health research
to a community-centred approach.

Research goal

To develop a multi-site longitudinal investigation of lev-
els of environmental chemical exposures and health
effects in pregnant people and their partners who may
experience marginalization (e.g. newcomer status, low-
income, racialized) (Fig. 2).
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Rationale

Existing literature and our consultation confirms that
individuals experiencing marginalization have been typi-
cally underrepresented in research thereby limiting data
and subsequent contributions to regulatory frameworks
on populations who may have elevated exposure or
increased health risks.

Study design
Multi-site, community-based research upholding prin-
ciples of trust-based connections, reciprocity and
inclusivity.

Pillar #2
Building a preconception parental biomonitoring cohort.

Research goal

To develop a web-based longitudinal investigation of
environmental chemical exposures and health effects
in pregnancy planners using remote biospecimen
collection.

Rationale

Preconception biomonitoring data, particularly in pro-
spective fathers, is limited thereby precluding robust
investigation of critical reproductive health endpoints
(fetal death). Our consultation identified that a web-
based approach is a feasible approach for recruiting preg-
nancy planners, that remote biospecimen is worthy of
further exploration and that fathers are underrepresented
in existing research.

Study design
National-level, longitudinal web-based preconception
cohort that upholds principle of reciprocity and lever-
ages existing data, including administrative databases
and birth registries and using novel methods for statisti-
cal analysis.

Pillar #3
Building a multigenerational cohort.

Research goal

To continue follow-up of MIREC youth participants into
the reproductive years and facilitate investigation of mul-
tigenerational effects of environmental chemicals.

Rationale

Our consultation identified the value and scarcity of mul-
tigenerational studies with human biomonitoring data.
Continued follow-up of the MIREC cohort is cost-effec-
tive and leverages the decades of planning and invest-
ment into the cohort to date.

Page 12 of 15

Study design

Continued engagement with and follow-up studies in
MIREC Research Platform mothers and youth with the
long-term goal of investigating links between prenatal
environmental chemical exposures in the original MIREC
participants and grandchild health.

Pillar #4
Leveraging existing data.

Research goal

This pillar will be a cross-cutting theme of the future of
longitudinal biomonitoring and aim to identify adminis-
trative data that can be linked with cohort data to maxi-
mize data collection and research questions.

Rationale
Linkage will facilitate investigation of additional research
questions without the need for primary data collection,
integration into the national surveillance system environ-
ment and will complement national surveillance efforts.
For example, linking in-person data collection with hos-
pital records data will facilitate investigation of multiple
additional endpoints.

Each of these pillars would contribute data and bio-
specimens that address key gaps in the field of reproduc-
tive and environmental epidemiology.
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