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Next steps in understanding the multilevel

determinants of health
AV Diez Roux

ABSTRACT

This commentary briefly summarises past work that has
used multilevel analysis to investigate the multilevel
determinants of health and outlines possible new
directions in this area. Topics discussed include the need
to (1) examine contexts other than neighbourhoods; (2)
improve measurement of group-level constructs; (3) apply
techniques more appropriate for causal inference from
observational data; (4) analyse data from “natural
experiments” involving exogenous variations in contextual
characteristics; (5) examine dependencies between
groups (such as spatial dependencies) more broadly and
allow for reciprocal relations between individuals and
contexts; and (6) contrast multilevel statistical models (or
regression models generally) and complex systems
models in the study of multilevel effects.

It has been approximately 10 years since the
irruption of multilevel analysis in epidemiology
and public health."® As is the case with many new
techniques, multilevel analysis (or more specifically
multilevel statistical models) was initially received
with great enthusiasm and expectation, funda-
mentally because it allowed the empirical and
quantitative investigation of group-level effects on
health, avoiding both the methodologic limitations
of ecologic studies and the often naive and some-
times scientifically misleading methodologic indi-
vidualism  of  traditional  individual-based
epidemiologic approaches.” Although the presence
of group-level effects has been posited in epide-
miology for decades (and to many the explicit
recognition of group-level or population-level
phenomena is in fact one of the distinguishing
features of epidemiology), the empirical investiga-
tion of these effects was often limited to ecologic
studies and subject to critiques primarily related to
limitations of these studies in separating true
group-level from purely compositional effects. In
contrast, multilevel analysis allowed a relatively
simple operationalisation of the contributions of
individual and group-level factors to both between-
individual and between-group variability, showing
how individual-level and group-level factors can
contribute to variability at both levels, and
transcending the artificial dichotomy of individuals
and groups. Building on the concepts discussed by
Geoffrey Rose over 20 years ago,” multilevel
analysis allowed for the possibility that different
factors contribute to within-group and between-
group variability, and permitted estimation of
group-level effects after accounting for composi-
tional differences across groups.

A comprehensive review of the results of studies
applying multilevel analysis is beyond the scope of
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this brief commentary, so only a very general
assessment (with some illustrative but not exhaus-
tive examples) is provided here. Although multi-
level analysis is applicable to the study of a broad
range of “groups” or contexts, the vast majority of
applications in the health field have focused on
geographically defined contexts, such as countries,’
states,” counties,® and most commonly ‘“‘neighbour-
hoods” defined in various ways, most commonly
by smaller administrative areas.”"" The types of
group-level constructs investigated have included,
for example, income inequality,” social capital,'
residential segregation,' women’s status,”® and
neighbourhood characteristics such as neighbour-
hood disadvantage or other measures of neighbour-
hood social and physical environments."” ™ ** "
Most studies have used multilevel analysis to
isolate associations of group-level factors with
individual-level health outcomes after accounting
for individual-level confounders (i.e. individual-
level variables associated with the health outcomes
and with group membership, and, therefore, with
group characteristics). A smaller number have
focused on the complementary objective of decom-
posing variance into between- and within-group
components."?

Overall, the results of multilevel analyses pub-
lished to date are consistent with main effects of a
variety of group-level variables on individual-level
outcomes that persist after controlling for indivi-
dual-level variables. The strength of this main
effect has varied substantially depending on the
study and the research question investigated. The
detection of these group effects is striking given
their often very distal relationship to the health
outcomes being studied, the misspecification of
groups and group-level variables, and the often
extensive adjustment for much better measured
individual-level variables, many of which are
mediators rather than true confounders of the
group-level effects. Generally, the per cent of total
variance in the individual-level health outcome
that is between groups (as compared to within
groups) has been small. However, this result must
be viewed in light of the fact that the relevant
“groups” are generally grossly misspecified, that
partitioning variance is complex for health out-
comes that are not continuous variables, and that
even well established individual-level risk factors
often explain only a very small amount of the
observed inter-individual variability.

Perhaps even more important than the specific
empirical results obtained to date, multilevel
analysis has stimulated and promoted multilevel
thinking generally within epidemiology, challen-
ging researchers to begin to think very specifically
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about the various levels of organisation, and the constructs at
each level that are relevant to the health outcome they are
studying. By allowing empirical analysis of multilevel data,
multilevel analysis has also challenged epidemiologists to move
beyond theory and speculation and operationalise and empiri-
cally test specific aspects of the theoretical models. However,
exponential growth of use of multilevel analysis to investigate
the multilevel determinants of health has also brought to the
forefront limitations of work done to date. The remainder of
this commentary discusses research needs in the investigation of
multilevel determinants of health generally. It is important to
note that investigation of the multilevel determinants involves
much more than the fitting of multilevel statistical models.
Thus, many of the issues noted apply to the general topic of
investigating multilevel determinants regardless of whether
multilevel statistical models are required.

MOVING BEYOND NEIGHBOURHOODS TO INVESTIGATE OTHER
CONTEXTS

Due in part to practical reasons related to data availability,
neighbourhoods have been one of the most common contexts
investigated using multilevel analysis. Neighbourhoods are
especially challenging to investigate due to (1) limited theory
on the neighbourhood features that may be relevant to health;
(2) difficulties in defining the spatial scale (and therefore
neighbourhood definition) relevant to different health-related
processes; (3) challenges in measuring neighbourhood level
attributes and disentangling effects of correlated neighbourhood
characteristics; and (4) complexities in accounting for con-
founding for individual-level variables related to the sorting of
individuals into neighbourhoods in observational studies.”
Neighbourhoods may not be the most relevant contexts for
many health outcomes. Nevertheless, application of multilevel
analysis in epidemiology has become almost synonymous with
investigation of neighbourhood health effects. An important
need is, therefore, to expand research into health effects of other
well-defined contexts (e.g. countries or other policy-relevant
units, schools, workplaces) with modifiable features likely to be
related to health. This will require thinking theoretically, but
also specifically, about what contexts and features of contexts
are likely to be most relevant to different health outcomes.

IMPROVING THE MEASUREMENT OF GROUP-LEVEL
CONSTRUCTS

A second research need is the improved measurement of group-
level constructs at different levels of organisation. In the
absence of adequate measurement, not even the most sophis-
ticated analytical techniques will allow convincing causal
inference. The reliance on existing data has obligated researchers
to use existing and often imperfect proxies for measures of the
true group-level constructs they are interested in. This has
limited the informativeness of the analyses and the inferences
that can be drawn from them. Recent work in neighbourhood
effects research has moved towards the development and
validation of measures of neighbourhood-level constructs,® **
but continued work on the measurement of a variety of
contexts or ecologic settings is needed.

APPLYING NEW METHODS THAT MAY ENHANCE THE ABILITY
TO DRAW CAUSAL INFERENCES REGARDING GROUP EFFECTS
FROM OBSERVATIONAL DATA

The growing popularity of multilevel analysis and the publica-
tion of more and more results using this technique has also
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highlighted the difficulties inherent in drawing causal inferences
regarding the presence of group-level effects through analyses of
observational data.”? Chief among these is the difficulty in
fully accounting for unmeasured characteristics related to the
sorting of individuals into different contexts. In parallel, there
has been a growing discussion in epidemiology on the threats to
causal inference in observational studies generally, and on the
use of tools and new analytic techniques that may help
researchers design their analyses and interpret their findings
more appropriately. Consideration of how these approaches
(including directed acyclic graphs, propensity score matching,
instrumental variables, and marginal structural models)** may
be used to improve multilevel causal inference, the evaluation of
their impact on results in real-life scenarios (through for
example sensitivity analyses and simulations), and the contrast
of results obtained using traditional approaches with those
obtained using more sophisticated methods are important areas
for new research.

TAKING ADVANTAGE OF NATURAL EXPERIMENTS

Another important area for new research is the study of the
health impact of the changes in contextual characteristics,
which are occurring in the real world all the time for reasons
completely unrelated to health. For example, neighbourhoods
are constantly changing as a result of policies or the organised
efforts of residents. The study of the health consequences of
these changes (which can be thought of as “natural experi-
ments” often involving exogenous variations in contextual
characteristics) may sometimes help address important limita-
tions in our ability to draw causal conclusions from pure
observational analyses. In addition, from the practical point of
view, it could yield important insights into which interventions
work and which do not work in the real world.

ACCOUNTING FOR DEPENDENCIES BETWEEN GROUPS

As noted above, many published multilevel analyses focus on
geographic contexts. These applications have brought place and
geography back into epidemiology, but they have also simplified
space by fragmenting it into artificially independent units, and
have for the most part ignored how areas interact and how
features of adjacent areas affect residents of a given area. For
example, the physical activity of a resident of a given area may
be affected not only by local resources but also by resources in
surrounding areas. In addition, the effect of the characteristics
of a local area on residents may be modified by features of
surrounding areas. For example, the effect of violence levels on
physical activity may be greater when the area is also
surrounded by high violence areas. In these cases, the outcome
for a given individual may depend not only on the character-
istics of their neighbourhood, but also on the characteristics of
other neighbourhoods. This can be thought of as violation of
the non-interference assumption at the neighbourhood-level. If
this assumption is violated it will be necessary to use techniques
which relax the assumption and allow for the modelling of
spillover effects (which can be done in a multilevel context).*
More generally, recent work has begun to explore alternative
ways of incorporating space and interdependencies over space
into the study of contextual effects.” *

USING METHODS APPROPRIATE FOR THE STUDY OF DYNAMIC
SYSTEMS

Like other regression models used in epidemiology, multilevel
models model health outcomes as a function of “independent”
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New directions in the investigation of multilevel

determinants

» Examine effects of contexts other than neighbourhoods.

» Improve measurement of relevant group-level variables.

» Apply techniques more appropriate for causal inference using
observational data and evaluate impact on results in realistic
scenarios.

» Seek out and analyse data from “natural experiments”
involving exogenous variations in contextual characteristics
over time, geographic regions, or other well-defined contexts
such as workplaces or schools.

» Develop methodologic approaches that (1) examine
dependencies between groups (such as spatial dependencies)
and their sources more broadly; and (2) allow for and explore
reciprocal relations and feedback loops between individuals
and contexts.

» Contrast multilevel statistical models (or regression models
generally) and complex systems models in the study of
multilevel effects.

variables. They implicitly assume that these effects can be
isolated from each other and do not allow for feedback loops or
reciprocal interactions between groups and individuals, or
between outcomes and predictors. In so doing, they simplify a
process that occurs within a complex system. For example, they
allow for the fact that neighbourhood features affect individuals
but do not allow for the feedback mechanisms through which
individuals shape neighbourhood features. Recent interest in
applications of systems approaches to health® * has highlighted
the potential utility of methods such as agent-based models or
dynamic systems models in understanding the determinants of
health.* * Applications of these approaches to multilevel
questions, and research that contrasts the insights obtained
from multilevel models and systems models would be impor-
tant contributions to the field.

Ten years is not a long time. And yet in this relatively short
period multilevel analysis has become a mainstream technique,
to the point where it is used quite extensively, and even in
situations where, strictly speaking, it is not necessary and
simpler methods would suffice. The great contribution of
multilevel analysis has been as a promoter of multilevel thinking
and of the development and testing of multilevel questions in
epidemiology. This is no small contribution. But it is important
to return to the basic questions that motivated multilevel
analyses and think of what modifications or complementary
techniques are necessary to address these questions, so that the
method will not become an end in itself but rather a tool, which
together with other tools, will help us comprehend complex
aspects of the world we want to understand, intervene on, and
change in order to improve health.
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