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In Canada, one-third of children do not enjoy a safe and
healthy childhood.1 This ranks Canada in the bottom 25% of
affluent countries for child mental and physical well-being.2

Childhood maltreatment, which encompasses all types of
physical and emotional ill-treatment, sexual abuse, neglect,
negligence, and exploitation, is a serious public health prob-
lem in Canada and globally.1,3

Experiencing childhood maltreatment can have enduring
effects on health throughout the life course. These effects may
include the adoption of risky health behaviours, poor mental
and physical health, and chronic inflammation.4,5 In turn,
these factors can lead to increases in body weight,5 which may
have downstream consequences, including the risk of adult
obesity and other chronic diseases (eg, type 2 diabetes, cancer,
and cardiovascular disease).6,7 Given the high prevalence of
obesity in Canada, the identification of early-life contributing
factors, such as childhood maltreatment, is needed to promote
healthy development and reduce the burden of chronic dis-
ease.6,8 Understanding the relationship between childhood
maltreatment and health outcomes is important to inform the
development of social policies and programmes that aim to
ensure a safe and happy childhood for all children in Canada.
Key Findings
In this issue of the Canadian Journal of Cardiology Pediatric

& Congenital Heart Disease, St-Arnaud et al.9 conducted a
secondary analysis of the BEL-AGE prospective cohort study
to evaluate the association of childhood maltreatment with
body mass index (BMI) among older adults with chronic
illness. Childhood trauma (encompassing physical, sexual, and
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emotional subtypes) was assessed at enrolment, whereas BMI
was measured at both baseline and 5 years after enrolment.

This study included 1232 older adults, with a mean age of
61 years. Nearly one-third (32.0%) of participants reported
moderate to extremely severe scores on at least 1 subscale of
the childhood maltreatment questionnaire, with 35.6% being
classified as having obesity at the time of enrolment. Contrary
to previous studies, childhood maltreatment was not signifi-
cantly associated with BMI at baseline (b ¼ 0.004, 95%
confidence interval: �0.006 to 0.014) or at follow-up (b ¼
0.001, 95% confidence interval: �0.003 to 0.006) after
adjusting for various sociodemographic, lifestyle, and clinical
factors. No effect modification of this relationship by sex or
coronary artery disease status was evident.
Strengths and Limitations
The authors leveraged data from a large Canadian cohort of

older adults diagnosed with a chronic illness, thus capturing
an under-represented population within the child maltreat-
ment research field. Using a validated questionnaire to assess
childhood trauma, alongside the objective measurement of
anthropometric parameters by trained clinical staff, greatly
reduced the potential for differential misclassification.10

To fully contextualize the findings of this study, it is
essential to consider its limitations. Almost all included pa-
tients were White (98.5%), thus preventing the exploration of
effect modification by race. This may also limit the general-
izability of study findings to the racially diverse Canadian
population. A review of child protective services reports has
demonstrated ethnocultural variation in both reported and
substantiated forms of maltreatment, which suggests that the
association between childhood maltreatment and car-
diometabolic health may vary across racialized groups.11

Furthermore, the use of BMI to accurately reflect car-
diometabolic health risks is an ongoing topic of debate.12,13

This is largely due to its inability to comprehensively incor-
porate individual body composition, fat distribution, and
an Cardiovascular Society. This is an open access article under the CC BY-NC-

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.cjcpc.2024.05.001
https://doi.org/10.1016/j.cjcpc.2024.05.001
mailto:nicholas.j.grubic@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjcpc.2024.05.001&domain=pdf
https://doi.org/10.1016/j.cjcpc.2024.05.001
http://creativecommons.org/licenses/by-nc-nd/4.0/


Grubic et al. 99
Collider Bias, Childhood Maltreatment, and BMI
metabolic profiles, which have been shown to differ according
to age and race.14-17 Additional research to uncover racial
disparities in the relationship between childhood maltreat-
ment and cardiometabolic health, specifically using alternative
weight-related metrics, will inform the design of tailored
public health interventions.
Exploring the Influence of Collider Stratification
Bias

Although the authors found no statistically significant as-
sociation between childhood maltreatment and adult BMI,
this finding should be carefully interpreted in the context of
sample selection. In particular, this result may be partially
explained by collider stratification bias, which is a form of se-
lection bias due to restricting a sample to one level of a specific
variable known as a collider.18 This under-recognized type of
bias is commonly visualized through the use of directed acyclic
graphs (DAGs). In brief, DAGs are graphical tools that are
used to describe potential or known pathways between an
exposure and outcome by connecting variables (known as
nodes) with unidirectional arrows (known as edges). The use
of DAGs to reduce bias through study design and analytical
decisions is becoming increasingly popular across various sci-
entific fields, including child maltreatment and car-
diometabolic research.19-22 We refer the reader to the seminal
article by Greenland et al.23 and other helpful pieces for an in-
depth introduction to DAGs.24-26

Collider stratification bias refers to a mechanism in
which a common effect of 2 unrelated variables collides at a
third variable, referred to as the collider, creating a spurious
statistical association between the 2 unrelated variables.27

By conditioning on a collider, which is commonly ach-
ieved through adjustment, stratification, or restriction in
observational studies, the causal effect of interest can be
biased. Figure 1 provides the general and study-specific
Figure 1. Directed acyclic graphs describing the structure of collider stratific
on all unmeasured common causes of C and Y, a noncausal path between
association between childhood maltreatment and adult BMI at 2 time points
with chronic illnesses. Additional covariates included in the final regression m
red dashed lines indicate the spurious association created by conditioning
structure of collider stratification bias, delineating poten-
tial biasing pathways of the causal relationship of interest
(X/Y). In the present study, the selection of older in-
dividuals with a chronic illness (including, but not limited
to, cardiovascular disease, arthritis, diabetes, and asthma)
into the study sample may have led to collider stratification
bias, thus providing a potential explanation for the unex-
pected null finding between childhood maltreatment and
adult BMI.

According to DAG theory, all noncausal pathways con-
necting X to Y must be blocked to provide an unbiased effect
estimate between X and Y (ie, only the causal pathway X/Y
should remain open and unblocked). Blocking a noncausal
pathway can be achieved by conditioning on a variable along a
noncausal pathway (which was performed using restriction in
the present study). In our fictitious example (Fig. 1A), the
noncausal pathway X)L/Y can be blocked by condition-
ing on L, a known and measured confounder (or a common
cause of both X and Y). In comparison, the noncausal
pathway connecting X to Y that includes a collider C
(X/C)U/Y) is not blocked when the collider is condi-
tioned on.28 Instead, conditioning on a collider induces a
spurious association between X and U, thus opening
a noncausal pathway from X to Y (X–U/Y). In other words,
a noncausal path that includes a collider is already blocked
(and thus the collider should not be conditioned on); how-
ever, it can be opened by conditioning on that collider.
Reblocking this noncausal pathway would require condi-
tioning on all common causes of the collider and Y, which
may include various unknown and/or unmeasured variables
(U). Therefore, after conditioning on both L and C in
Figure 1A, 2 pathways connecting X to Y remain open: (1) the
causal pathway (X/Y) and (2) the noncausal collider-
induced pathway (X–U/Y). For this reason, conditioning
on a collider through restriction (ie, restricting a sample to a
certain singular stratum of a collider) is expected to lead to
ation bias. (A) By conditioning on the collider (C) and not conditioning
X and Y is opened via X–U/Y. (B) Collider stratification bias in the
(0 ¼ baseline, 1 ¼ 5-year follow-up) among a sample of older adults
odel were not included in the directed acyclic graph for simplicity. The
on a collider. BMI, body mass index.
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selection bias, which can distort the direct causal effect of
interest (X/Y).27,29

St-Arnaud et al. recognized this potential selection bias in
their study, which is common in research on older adults
(Fig. 1B).30 Individuals who experienced childhood
maltreatment may have either died before study enrolment or
reached an advanced stage of illness, rendering them unable to
participatedselection bias due to death or illness. This is plau-
sible given the well-known associations of childhood
maltreatment with premature mortality and chronic dis-
eases.31,32 In the absence of conditioning on all common
causes of chronic illness, survival to old age, and adult BMI (U
in Fig. 1B), the causal effect estimate of childhood maltreat-
ment on BMI will be biased. Although the authors controlled
for various potential confounders (eg, sociodemographic
characteristics, lifestyle behaviours, and clinical factors),
adjusting for other unmeasured variables, such as childhood
BMI and genetic factors (ie, potential variables for U in
Fig. 1B), is necessary to obtain an unbiased measure of as-
sociation according to this DAG. As with any study that
evaluates life course epidemiologic relationships, obtaining
accurate and repeated measurements of all unobserved vari-
ables poses a significant challenge. Nonetheless, restricting the
study sample to individuals with a chronic illness who sur-
vived to old age may have biased (underestimated, in most
cases) the true measure of association between childhood
maltreatment and adult BMI due to collider stratification
bias.27,33
Research in Context
In contrast to the results of this study, previous longitu-

dinal investigations have reported on associations between
experiences of childhood maltreatment and elevated risk of
obesity during adulthood, even after controlling for con-
founders.34,35 For example, in a study of 26,615 middle-aged
and older adults participating in the Canadian Longitudinal
Study on Aging, adversity during childhood exhibited a strong
association with obesity measured using BMI and waist
circumference.36 This association has also been consistently
documented in several systematic reviews.5,17,37 The effects of
gender and sex appear to vary across studies. One systematic
review concluded that the association between childhood
maltreatment and obesity was stronger in studies that included
more women.17 In comparison, another review found no ef-
fect modification by gender.37 One recent study found no
significant difference in the association between childhood
maltreatment and BMI according to sex, as determined by
genetic testing.38
Future Directions
Applying life course epidemiologic frameworks to consider

sensitive or critical periods of development can help explain
how childhood maltreatment may lead to adverse health ef-
fects, such as obesity later in life. Future work may consider
evaluating trajectories of weight after exposure to childhood
maltreatment, which may help to identify and better under-
stand potential intervention windows for cardiometabolic
health management. This is of importance as weight changes
in older adults are recognized to be associated with frailty and
an elevated risk of mortality.39,40 In addition, studies should
be designed in a manner that accounts for potential biases
induced by collider stratification bias. At the study design
level, the development of DAGs to describe causal associations
is useful for detecting the presence of a collider, thereby
reducing the possibility of erroneously conditioning on this
variable.19,20 Appropriate analytic strategies, such as marginal
structural models, may also be employed to prevent collider
stratification bias.41 These models are instrumental in longi-
tudinal studies with repeated measures of confounders, me-
diators, and colliders, which often leads to exposure-covariate
feedback (ie, time-varying covariate affected by previous
exposure).42
Conclusions
Continued research is needed to better understand the

complex relationship of childhood maltreatment with obesity
and other chronic conditions. Importantly, researchers should
be aware of how biases, such as collider stratification bias,
could inadvertently lead to complicated or inaccurate results.
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