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Abstract

The field of epidemiology’s current focus on causal inference follows a quantitative approach and
limits research questions to those that are strictly quantifiable. How can epidemiologists study
bio-socio-cultural public health problems that they cannot easily quantify? The mixed-methods
approach offers a possible solution by incorporating qualitative socio-cultural factors as well as
the perspective and context from the population under study into quantitative studies. Following
a pluralist perspective of causal inference, this paper provides a guide for epidemiologists
interested in applying mixed methods to their observational studies of causal identification and
explanation. We begin by reviewing the current paradigms guiding quantitative, qualitative,

and mixed methodologies. We then describe applications of convergent and sequential mixed-
methods designs to epidemiologic concepts including confounding, mediation, effect modification,
measurement, and selection bias. We provide concrete examples of how epidemiologists can use
mixed methods to answer research questions of complex bio-socio-cultural health outcomes. We
also include a case study of using mixed methods in an observational study design. We describe
how mixed methods can enhance how epidemiologists define underlying causal structures. Our
alignment of mixed-methods study designs with epidemiologic concepts addresses a major gap

in current epidemiology education— how do epidemiologists systematically determine what goes
into causal structures?
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Introduction

Health outcomes are the product of complex social and biologic factors that interact at the
molecular, individual, organizational, and broader ecologic levels over time.1=3 Historically,
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the interdisciplinary nature of epidemiology positioned epidemiologists to study health
across these levels. Overtime, epidemiology has become focused on causal inference,

a process that consists of contrasting health outcomes among two or more groups of
participants under different exposures.# Ideally, epidemiologists would approach causal
inference using interdisciplinary methodologies; however causal inference in epidemiology
follows a quantitative approach? and is increasingly methods driven. Epidemiologists
seldom overtly use qualitative approaches drawn from anthropology and other social
sciences.” For this reason, multiple authors have argued that modern epidemiology limits
research questions to those that are strictly quantifiable.”:8 As Krieger and Davey-Smith
state, “Causes do not cease being causes if they are challenging to study or to address.®”
While the call echoes for epidemiologists to study biomedical and social causes of disease, 10
it is unclear how to integrate them within one study, how to capture social constructs that
are difficult to quantify such as contextual factors, and how to incorporate the population’s
perspective. Mixed-methods research offers solutions.

Mixed-methods research integrates quantitative and qualitative data within a single study
and is similar to how epidemiologists conceive triangulation, a concept suggested as
essential in improving causal inference in epidemiology from a pluralist perspective.?11.12
Mixed methods can bring the population’s insight into hypothesis generation and
incorporate context into causal structures. Epidemiology training programs may offer
limited instruction in mixed-methods research, and epidemiologists might be unsure about
how to apply these methods. This paper provides a guide for epidemiologists to design
mixed-methods studies, with a focus on epidemiologic concepts including confounding,
selection bias, attrition, measurement error, mediation, and effect modification. We see the
applications being most relevant to observational studies designed for causal identification
and causal explanation.1! First, we summarize the current paradigms guiding quantitative,
qualitative, and mixed methodologies. Then, we describe specific applications of mixed
methods to epidemiological research. We include examples of existing and hypothetical
studies to illustrate the alignment of epidemiologic concepts with mixed-methods study
designs. A case study illustrates how to implement mixed methods in an observational study.
The third part describes how to use mixed methods to define underlying causal structures.
We conclude with current limitations of applying mixed methods to epidemiology.

Quantitative, Qualitative and Mixed-Methods Paradigms and Design

Comparing Quantitative and Qualitative Methods

Qualitative and quantitative research differ in their foundational scientific paradigms.13.14
The quantitative paradigm, rooted in positivism and empiricism, reduces phenomena

to empirical indicators that represent the truth.15 In contrast, the qualitative research
paradigm is based on constructivism, in which reality is socially constructed and constantly
changing.1415 In terms of approach, quantitative methods are primarily deductive—they
move top-down from theory, to the formulation of hypothesis, and then to confirmation

or rejection by individual observations. 1416 Qualitative methods, in contrast, are

primarily inductive—they move bottom-up from particular observations, to patterns, to the
formulation of hypotheses, and then to theories. 18Furthermore, epidemiologists usually

Epidemiology. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Houghton and Paniagua-Avila Page 3

interpret quantitative data from an etic or external perspective.16 On the other hand,
qualitative research adheres to the approach traditionally followed by anthropologists,
characterized by an emic perspective that puts participants and their views at the center

of research.”17 For example, in nutritional epidemiology an etic view may use methods to
obtain nutrient level data, whereas an emic view may use methods to understand cultural
practices around meals.

Quantitative and qualitative data collection and analysis also differ. First, quantitative
methods gather numerical data, typically from close-ended and structured questionnaires,
publicly available data resources, clinical records, or biological measurements, whereas
sources of qualitative information include text and images coming from documents,
transcriptions, or field notes derived from in-depth interviews, focus groups, and participant
observations. Second, quantitative data collection usually occurs separately and before data
analysis. In contrast, qualitative data collection tends to be more iterative. 18 Qualitative
researchers may refine their interview guide and analyze data as they collect it to help
assess saturation—that is, when no new themes emerge from additional participants. Third,
quantitative data collection tends to be generated from a probabilistic sample with the

goal of being generalizable, while qualitative data collection follows a purposeful sampling
strategy to gain in-depth information. Whether purposeful or probabilistic, both sampling
strategies capture elements of similarity and differences® and, in reality, observational
studies often collect quantitative data less from probabilistic and more from convenient
samples. Some researchers argue that opposing paradigms justify keeping quantitative

and qualitative approaches separate;20 we and others argue, however, that they are
complementary, as each method can access different aspects of a research problem that
cannot be accessed with one method alone.1® For example, mixed-methods research can
help to assess generalizability by including a large and representative sample for quantitative
analysis and collecting qualitative data to gauge if the local context reflects the larger one.

Mixed-Methods Paradigm and Design

The pragmatic mixed-methods paradigm?3 prioritizes the research question over the methods
used to answer it.14 Also following pragmatic ontology, other epidemiologists argue that
causal reasoning based on qualitative evidence is justified. Specifically, Bannister-Tyrrell

et al. argue that Russo and Williamson (2007)?! and Reiss’s (2012)?2 theories of causal
inference “align with the empirical focus of epidemiology and allow for different types

of evidence to evaluate causal claims, including evidence originating from qualitative
research”.23 Bannister-Tyrrell et al. see qualitative data specifically helping with mediation
(mechanism of causal relations) and effect modification (the effects of context on
outcomes).23 We agree that mixed methods can aid in improving causal explanation, but

we also see it improving causal identification. Causal identification includes identifying an
association between an exposure and outcome and eliminating alternative explanations for
that association through taking into account confounding and reducing sources of bias.24 We
will now summarize the various designs to integrate qualitative and quantitative methods.

Mixed-methods designs, based on Creswell’s 2018 update,14 include the convergent,
explanatory sequential, and exploratory sequential designs, differentiated by the order in
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which the methods are used, the stage at which the data are integrated, and the emphasis
of each method data relative to each other. The convergent design places equal priority on
both methods, by simultaneously collecting parallel qualitative and quantitative data and
later comparing or combining them during analysis and interpretation.142> The embedded
design falls under convergent because it also collects qualitative and quantitative data
simultaneously, but places more emphasis on one method, and uses the other method

on a subset to the overall study. The two sequential designs aim to use one method to
inform or explain the other. 1425 The explanatory sequential design collects and analyzes
quantitative data during a first phase and uses qualitative methods in a second phase to
explain the quantitative results. 1425 In contrast, the exploratory sequential design starts with
a qualitative phase to explore a topic and informs a second quantitative phase. 142

Some epidemiologists already use mixed methods in epidemiology, particularly when
developing surveys,26-28 and other epidemiologists may incorporate aspects of mixed
methods in their studies, but not formally or explicitly. For instance, epidemiologists may
speak withmembers of the population when designing studies or include interpretations
derived from observations during field work in the Discussion sections of manuscripts,
yet they may not describe these qualitative details in the Method or Results sections,
respectively. Some may argue that this is just what a good epidemiologist does to
generate ideas or interpret data. Our rebuttal is: why must the qualitative aspects of what
epidemiologists do be buried in their toolbox? We now turn to how epidemiologists can
systematically apply mixed methods to the epidemiologic research process.

Applications of Mixed Methods to the Epidemiologic Research Process

The 2-by-2 table is at the core of epidemiology and mixed methods can help epidemiologists
think through what belongs in the table (exposure and outcome) and what matters outside
of the table when it comes to confounding, selection bias and attrition, measurement,
mediation, and effect modification. We consider the first three of these concepts as causal
identification (identifying potential causes and eliminating alternative explanations) and the
latter two as causal explanation (explaining how and under what circumstances causes
operate).24 Figure 1 summarizes which mixed-methods study designs are best suited to
strengthen each aspect of observational studies. The Table provides further details including
mixed-methods examples for each epidemiologic concept. The best mixed-methods study
design depends upon which aspect of the research question the epidemiologist chooses to
enhance.

Association.

When identifying potential causes of disease, qualitative methods allow epidemiologists to
make observations of the population or other key stakeholders to generate new, grounded?®
hypotheses. An exploratory sequential design, including interviews and observations in the
qualitative phase, might aid epidemiologists to identify potential causes in the following
ways: first, participants may describe a phenomenon not found in previous literature; and
second, qualitative data focusing on the cultural context may identify upstream factors,
such as family- or society-level determinants of disease, to be conceptualized as new
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potential causes. In the Table, we provide a hypothetical example of how interviewing
school employees and observing children in schools helps an epidemiologist to identify
pollution from a new food factory, and a food allergen in the snack the factory makes, as
potential causes of high rates of asthma in a specific school district.

Confounding

Going to the population under study and gleaning on-the-ground perspectives can help
epidemiologists understand how to make the exposed and unexposed in their sample less
confounded. Specifically, using an exploratory sequential design, participant observation and
in-depth interviews can help epidemiologists identify respective community and individual
level factors that may confound the main association. Qualitative data may also reveal social
processes that connect variables to each other to help identify confounding. In Table 1, we
provide a hypothetical example to understand if social support, sex education, and body
positivity can help determine if maternal history of menstrual pain is a confounder in the
association between a diagnosis of fibroids and substance abuse.

Selection Bias into a Study

Qualitative methods can identify what factors to compare between the study population and
study sample to assess selection bias that occurs during recruitment of participants into a
study. Either exploratory sequential or convergent designs may be used. An example of the
latter comes from Gallaway et al. who conducted a mixed-method case-control study of
risky and protective factors of suicide in soldiers.3? They used medical records, surveys,
interviews and focus groups and found similar demographic and military characteristics
between soldiers who died by suicide versus accidental death. We see expanding upon their
convergent design to further assess selection bias by interviewing soldiers about reasons for
substance use, a major risk factor for suicide, and then comparing the distribution of baseline
factors by subgroups based on the reasons for substance use. Then the study team could
compare the subgroup distributions to the overall sample. If the distributions are similar, this
would suggest little to no selection bias based on substance use. If one subgroup was more
similar to the overall distribution, this would point to selection bias and could help determine
to which subgroup of soldiers the results may be most generalizable.

Attrition/Loss to Follow-up

Qualitive methods can help assess attrition, another potential source of selection bias, both
during a study and after its completion. Epidemiologists can collaborate with ethnographers
in convergent or embedded designs to understand the dynamics of a quantitative research
study including the study rationale, design, recruitment, retention and role of study
personnel, participants, and advocates. As we explain in hypothetical convergent and
explanatory sequential examples in the Table, an ethnographer finds a conflict between

the university and a local politician over gentrification that influences retention into a study.
This information can help an epidemiologist determine if those lost to follow-up is a source
of bias.
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Measurement

Minimizing measurement error of key variables is essential in epidemiology.3!
Epidemiologists might employ qualitative methods first to decide how or what variables

to measure quantitatively or they may use both quantitative and qualitative methods
concurrently to measure variables.1® Qualitative methods can assist epidemiologists to
identify language and colloquialisms to measure a variable or ways to phrase questions
about potentially sensitive topics. When a previously validated instrument needs to be
translated and/or validated in a different context, qualitive methods ground the necessary
changes in an emic perspective.1® For example, when one of us (LCH) was working with
an interdisciplinary team to reconstruct the Native American diet consumed in the 1940s

in New Mexico, some collaborators did not see it necessary to ask about dairy intake
because of the documented high prevalence of lactose intolerance in Native Americans.
However, when we interviewed Native American elders about dairy intake as children,
they recalled their family members eating dairy and one participant remembered his family
making cheese. Sequential exploratory designs are most suited for when epidemiologists
want to use qualitative methods to design survey instruments. For example, Barg et al.2’
explored the meaning of depression in older adults and came to learn that loneliness was a
major part of that definition before creating a survey that incorporated loneliness into the
depression measure (Table). If epidemiologists want to measure the same variable using both
quantitative and qualitative methods, a convergent design is appropriate (Table).

Mediation and Effect Modification

Mixed methods can assist epidemiologists to understand how an association works
(mediation) from the perspective of the population under study, or to capture context
(group-level, cultural or social factors) for identifying effect modifiers. Causation cannot

be completely isolated from context, as one factor might be a causal factor of an outcome

in one environment but not in another one, depending on the distribution of causal partners
in each setting.32 Beyond the ability of quantitative methods to describe the quantitative
distribution of causal partners, qualitative methods can inform how and why the relationship
between exposure and outcome differs between contexts. Either sequential or convergent
designs may be useful in explaining causal mechanisms (Table). An example of using
mixed methods to identify an effect modifier comes from Erin Kobetz’s work which found
that twalet deba, a culturally mediated feminine hygiene practice among many Haitian
women, may explain high rates of cervical cancer in Little Haiti in Miami.33:34 Although
this research was not a single mixed-methods study, the authors used qualitative results to
inform the quantitative test of whether intravaginal agents increased susceptibility to cervical
cancer.

We have discussed applications of mixed methods to enhance hypothetical and current
epidemiologic studies by aligning mixed-methods study designs with epidemiologic
concepts. While it is common to use the term “mixed methods” when referring to studies
using at least one quantitative and one qualitative method, the purpose of mixed methods

is to integrate multiple methods during interpretation. There are many examples of mixed-
methods studies that use qualitative data to develop a epidemiologic surveyZ® and collect
qualitative data to understand perspectives of disease outcomes.3 There are fewer examples
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of epidemiologic studies that also integrate results during the analysis phase.36-37 We
now describe a case study that exemplifies mixed-methods integration in observational
epidemiology.

Case Study of an Epidemiologic, Observational Study using Mixed-Methods

To better understand what early life factors explain rising breast cancer incidence

rates among migrants that move from low to high incident countries, we conducted a
mixed-methods migrant study on puberty.38-40 Earlier age at puberty is associated with
increased breast cancer risk?! so we compared pubertal timing within the context of
migration.“? To align with literature on puberty and breast cancer, we measured puberty
following biomedical definitions and used established epidemiologic methods (validated
questionnaires and hormonal biomarkers).#2:43 At the same time, given the inclusion of
different cultural groups in our sample (white British girls and British-Bangladeshi migrants
in London, UK, and Bangladeshi girls in Sylhet, Bangladesh) we used qualitative methods
to understand the context in which girls were growing up. From the literature we knew that
body mass index (BMI) was a potential mediator, but we were interested in identifying other
mediators from an emic perspective. Therefore, our research question necessitated mixed
methods.

We followed a convergent design to assess biocultural constructs related to both migration
(exposure, X) and puberty timing (outcome, Y). Figure 2 illustrates the causal diagram and
uses color to indicate the quantitative and qualitative methods to measure each variable.
Quantitative data collection involved measuring puberty () through a hormonal biomarker
and the Pubertal Development Scale.#2 A structured questionnaire assessed aspects of
migration (X), such as preference for clothes and food.* To calculate BMI (mediator,

M) we took anthropometric measurements. The qualitative data collection occurred during
afterschool clubs, and included participant observation and focus groups to gather girls’
perspectives of social expressions of puberty (YY), such as choice of clothes and wearing the
hijab, and food preferences, specifically eating rice and curry, which was both a marker of
migration () and related to BMI (M).40 We collected qualitative and quantitative data in
parallel and placed equal emphasis on the qualitative and the quantitative components.

Quantitative analysis included survival models to compare age at puberty among white
British, migrant and Bangladeshi girls, as well as mediation by BMI.38 Analysis of
qualitative data included open coding and grounded theory to analyze field notes and focus
group discussions related to hijab and food. We used joint display,® an approach used to
present qualitative and quantitative results simultaneously.* In a table, the first column
displayed the quantitative results for each study variable through bar charts, the second and
third columns presented corresponding quotes from Bangladeshi and migrant participants,
respectively. This table highlighted where the biological and cultural definitions of each
variable converged or diverged. For example, girls reported eating rice and curry for dinner
in 24-hour food recalls, but in the same day said to their friends, “I don’t eat rice,” which
was a way to express rejection of Bangladeshi culture.
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The quantitative results confirmed that migrant girls experienced puberty earlier than non-
migrant girls.38 BMI partially explained the association between migrant group (X) and
puberty timing (). Qualitative data suggested 1! generation migrant girls, the group with
earliest pubertal age, experienced discrimination and stress. 4% Our use of mixed methods
allowed for the integration of data in a way we had not initially planned. Early on during
field work, we noticed that some girls did not wear hijab every day. We were perplexed

as we thought this was a rather fixed cultural practice. However, girls explained, “I’'m
only practicing, I’m not yet dedicated to the scarf”. We revised our survey to ask girls if
they wore the scarf occasionally or every day and used this dichotomous variable as an
additional pubertal outcome in survival models. We compared the median age at pubertal
onset between our biological and cultural definitions and found that “practicing” aligned
with the hormonal rise in androgens around age 5 (adrenarche) and “being dedicated”
aligned with the age at menarche in migrant Bangladeshi girls.*® This integrated analysis
illustrated the relationship between social and biological markers of puberty, which was

a contribution beyond previous studies that investigated social and biological factors of
puberty separately.

We have illustrated the alignment of mixed-methods design with epidemiologic concepts
through examples and a case study. Now, we will turn to a cross-cutting application, which
entails using mixed methods to define causal structures.

Mixed Methods to Define Causal Structures

Defining the underlying causal structure of a phenomenon in epidemiology entails
identifying causes of health outcomes and describing how and for whom the associations
between causes (exposures, X) and health outcomes (Y) work.3! Causal diagrams including
but not limited to directed acyclic graphs (DAGS) are one way of illustrating the underlying
causal structure. However, epidemiologists predominantly build DAGs using their etic
perspective, external to the population under study. Combining the etic with the emic—
insider perspective of the context within which the phenomenon occurs—provides a new
approach to building DAGs.

A challenge when constructing a useful and meaningful DAG is understanding when two
nodes are related, the direction of the arrow, and whether a covariate might be a confounder,
mediator, collider, or irrelevant variable. Often there is a lack of theory and sufficient
empirical data to be certain of these structures. Furthermore a DAG cannot provide insight
into what variables may be missing or whether a variable is conceptualized appropriately.®
Qualitative data can provide additional empirical data defining the underlying structure

of causal relationships. During qualitative data analysis, mapping options in qualitative
coding software, such as NVivo,* help to identify important nodes and the meaningful
connections between them, in a similar way as building a DAG. In NVivo, nodes are
qualitive codes and child codes that researchers generate either deductively—the researcher
searches for text relating to a preconceived code—or inductively—the code emerges from
textual data. Qualitative methods offer a DAG the meaning of variables and connections
between them from an emic perspective. Figure 3 shows a sequential exploratory study
that collects qualitative data from women with early-onset breast cancer to build a causal
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diagram to test with quantitative methods. Qualitative analysis identifies parent codes (Air
pollution, Stress, Marital Status) as possible causes of cancer. In telling their story of getting
early-onset breast cancer, women said “I found a lump while on honeymoon” or “I thought
it was related to breastfeeding” and such qualitative data yield two child codes, Parity

and Breastfeeding, under Marital Status (Fig 3A). These five codes become variables in a
DAG (Figure 3B) and qualitative data, as well as evidence from previous studies, inform

the connections between them. The epidemiologist can test the idea that breastfeeding is
positively associated with early-onset cancer, an idea that they may not have had prior

to interviewing women since breastfeeding is negatively associated with post-menopausal
breast cancer.

We recognize that triangulation in epidemiology often implies comparing results across
more than one study. Returning to the ABBY case study, Figure 4 illustrates how using
mixed methods within a single study can define underlying causal structures for future
studies. Qualitative information on discrimination and stress, such as “I’m not a Freshi”
and “I’m proud of my religion but not my culture,” helped inform questions as to why
puberty was particularly early in first-generation migrants. BMI and stress are established
risk factors for early puberty, but seldom analyzed as causal partners, thus mixed methods
led us to a new DAG that includes a hormonal mechanism for the interaction between stress
and BMI (Figure 4).

Limitations of Integrating Mixed-Methods and Epidemiology

We recognize limitations of applying mixed methods in epidemiology at the present

time. With no formal training in mixed methods, current epidemiology teams may lack
expertise and will need new collaborations with qualitative researchers. Yet lack of training
does not preclude epidemiologists from designing mixed-methods studies. We envision
epidemiologists who can design their own mixed methods epidemiology studies and then
collaborate with experienced qualitive researchers to conduct the research. Mixed-methods
studies may require more time and resources than studies only using quantitative methods
and securing funding for epidemiology studies using mixed-methods may be difficult.
However, the Office of Behavioral and Social Sciences Research at the National Institutes
of Health commissioned the “Best Practices for Mixed Methods Research in the Health
Sciences” to assist investigators, reviewers and NIH leadership.48 Last, despite carefully
planned designs, there may be situations where data cannot be easily integrated or provide
opposing conclusions. We have had this experience but found that divergent results lead to
new hypotheses.

Conclusion

Krieger stated that an “intellectual and empirical challenge is to integrate biomedical,
lifestyle and social risk factors to afford a richer understanding of the causal processes

at play and hence better inform efforts to improve population health and reduce health
inequities”.#” We argue that mixed methods allows for the integration of bio-socio-cultural
factors in epidemiologic studies. We align mixed-methods study designs with epidemiologic
concepts so that epidemiologists can enhance observational studies. We describe how
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mixed methods can define the underlying causal structure of phenomenon. Our how-to
guide overcomes a major critique of efforts to improve causal inference that epidemiology
textbooks currently don’t include.” Mixed methods is the approach to determining what
goes into our causal structures and the hidden tool in the causal inference toolbox that
systematically incorporates the perspective and context of the population under study to
integrate social and biologic factors of health and disease within a single study.
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Mixed Method Study Designs aligned with Epidemiologic Concepts

Mixed methods can help epidemiologists incorporate the emic view into many aspects of
research while building causal models. The 2x2 table is the foundation of epidemiology

and quantitative at the core. Qualitive methods can be incorporated either before, during,

or after estimating the association between exposure and outcomes. The order in which the
quantitative and qualitative methods are used depend on what aspect of the research question

needs to be strengthened.
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|

| Survey on food preferences (M)
| Focus groups on food (M)

|

Family migration history (X)
Focus groups and participatory
observations to explore cultural markers
of migration including clothes (X)

Salivary DHEAS, Pubertal Developmental
Scale (Y)
Focus groups and participatory
observations to explore cultural markers
of puberty (Y)

Figure 2.
Hypothesized DAG with associated qualitative (italics) and quantitative (Roman) methods

in mixed-methods Convergent Study, Adolescence among Bangladeshi and British Youth
(ABBY).
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Using Qualitative Analysis in NVivo (Panel A) to Inform DAGs (Panel B) within a
Sequential Exploratory Mixed-Method Study Design.
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We observed that 15t generation
Bangladeshi girls spoke little English,
were behind in their coursework and

were segregated from their peers.

|

| ‘I don’t eat rice”

: Migrant girls ate rice, but less than
I non-migrants

“l am not a Freshi”: Term for 15t
generation migrants with a strong
negative connotation

1st generation migrants reached
puberty earlier than second
generation migrants and non-migrants

“I'm only practicing, I'm not yet
dedicated to the scarf’

Practicing Hijab aligned with onset of
puberty and becoming dedicated
aligned with end of puberty in 1st

|
|
|
|
| Migration -
|
|
generation migrants :

Figure 4.
Updated DAG informed by qualitative (/falics) and quantitative (Roman) results from

a mixed-methods convergent study, Adolescence among Bangladeshi and British Youth
(ABBY)
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