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Identifiability and optimal adjustability of total and direct
effects using abstract graphs with applications to Epidemiology

Project summary: Accessing to causal graphs is pivotal for estimating causal effects [Greenland et al., 1999,
Savitz and Wellenius, [2016]. These graphs represent qualitative cause-and-effect relations between exposures,
health outcomes, and other variables. When there is no hidden confounding, causal graphs are directed acyclic
graphs (DAGs) where each vertex is supposed to be statistically independent of its non-descendant given its
parents—this is known as the causal Markov condition. Usually, in applications where the data depends on
time, vertices in the causal graph correspond to different points in time of different time series, i.e., a causal
relation between two vertices is a causal relation between two time series with a specific lag (the lag is equal or
greater than zero). This said, in many applications, it is difficult for a practitioner to provide or validate this type
of graph because it is difficult to determine the lag between a cause and an effect. It is of course easier for an
expert to propose or validate an abstraction of the causal graph which represents a less detailed version (a macro
view) and can even be cyclic. One example of abstraction is the summary causal graph [Assaad et al., [2022],
where each vertex represents an entire time series and no temporal information is involved. Whether a causal
graph or an abstraction is used, these tools can guide study design, statistical modeling, and the identification
of potential biases or confounding factors, strengthening the validity of epidemiological investigations. In this
project, we want to develop new causal inference tools especially based on abstractions and temporal data that
can provide a deeper understanding of the mechanisms underlying health outcomes.

In this project, we will mainly be interested in two types of causal effects: the total effect which represents the
overall impact of the one variable on another variable, considering all possible pathways, including both direct
and indirect effects [Robins and Greenland) 1992, |Pearl, 2001]; and the direct effect which represents the specific
impact of one variable on another without considering the influence mediated through other variables in the
system. The identifiability of causal effect (total or direct) from causal graphs received much attention in the last
three decades [|Robins| [1986| (Greenland and Robins, 1986, Robins and Greenland) 1992, |Greenland et al., {1999,
Pearl, 1993, (1995, Spirtes et al., 2000, Didelez et al., 2006, Eichler and Didelez, 2007, [Eichler and Vanessa, 2009,
Perkovi¢ et al., 2018] especially for non temporal data and for temporal data without instantaneous relations.
In case of identifiability, many graphical tools (e.g., back-door, front-door, and single-door criterions and do-
calculus) list different adjustment sets that allow for estimating causal effects. Furthermore, recently, there has
been much progress to find among all adjustment sets, the optimal adjustment set [Witte et al., 2020, [Henckel
et al., 2022, Smucler et al [2021} [Runge| 2021] which is is characterized as the one with minimal asymptotic
estimation variance. This adjustment set can help to choose the best model to link an exposure to a beneficial
or harmful effect on health.

However, the identifiability as well as the optimal adjustability problem received less attention for abstrac-
tions [Beckers and Halpern, 2019, Beckers et al.,2020] and even less so for abstractions and temporal data with
instantaneous relations (e.g., summary causal graph [Assaad et al., [2022]). Although, in epidemiology, opting
for abstractions over causal graphs offers advantages, e.g., when investigating the impact of air pollution on res-
piratory diseases using temporal data, a causal graph that considers every temporal interaction among variables
like pollutants, weather conditions, and individual behaviors can lead to excessive complexity. Abstractions re-
duce this complexity, which makes them easier to build, more computationally efficient, more interpretable,
and accessible, which means they can be valuable for communicating findings to both policymakers and the
general public. Additionally, many epidemiological studies require both instantaneous and delayed relations,
e.g, in infectious disease research, it is essential to account for both direct person-to-person transmission (in-
stantaneous) and the incubation period (delayed). Recently, we have solved the identifiability problem for total
and direct effects [Assaad et al.,|2024, Ferreira and Assaad) 2024] in summary causal graphs assuming there is
no hidden confounding. However, finding all possible adjustment sets is still an open problem in summary
causal graphs as well as accounting for hidden confounding. In addition, even if the problem of finding the
optimal adjustment set for total effects has been addressed in recent years, addressing the problem of optimal
adjustment set for direct effects is still neglected.
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Therefore, the objectives of this project are the following:

¢ Extend the identifiability results for the total effect and the direct effect given in |Ferreira and Assaad
[2024],|Assaad et al.|[2024] to account for hidden confounding and optionally to different abstractions ;

* In case of identifiability, propose a graphical method that lists all adjustment sets ;
¢ Propose a graphical method to find the optimal adjustment set ;

¢ Implement these developed methods in epidemiological applications in collaboration with other teams
within IPLESP.

Lab location and description: The Pierre Louis Institute of Epidemiology and Public Health (co-accredited
by Inserm and Sorbonne University) is located at the Sorbonne University Faculty of Medicine - Hopital Saint
Antoine in Paris. It is composed of six teams, in addition to the recently established CIPHOD ”Causal Inference
in Public Health using large Observational health Databases” team. The general research objectives of CIPHOD
are to put forth novel theoretical findings and develop innovative methodologies in the realm of causal infer-
ence, with a focus on their applicability and utility for epidemiologists.

Contract: The thesis contract will start in September 2024, for a duration of 36 months and after registra-
tion with the ED393 Doctoral School Pierre Louis of Public Health: Epidemiology and biomedical information
sciences. The monthly doctoral allowance will be €2,131 gross, subject to annual revaluation.

The doctoral student will co-supervised by Dr. Charles Assaad (CIPHOD team) and Pr. Fabrice Carrat
(CLEPIVIR team). The student will also collaborate with other teams in IPLESP and will have access to the
resources and infrastructure available at INSERM/IPLESP and Sorbonne Université.

Candidat profile: Highly motivated candidate with an M2 degree and strong background in probability,
machine learning, and causal inference, along with a keen interest in epidemiology. Proficiency in programming
is also required.

Contact: Candidates are requested to send their CV (including a list of publications, research experiences,
and references) along with a motivation letter to Charles Assaad (charles.assaad@inserm.fr) by June 13 2024.
For additional details, please reach out to the same email address.
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