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ABSTRACT
Introduction: Adverse childhood experiences (ACEs) are 

often operationalized as a cumulative score, treating all forms 
of adversity as equivalent despite fundamental differences in 
the type of exposure. 

Objective: To explore the suitability of this approach, we ex-
amined the independent, cumulative, and multiplicative effects 
of physical abuse, sexual abuse, and/or family violence on the 
occurrence of mental disorders in adults. 

Methods: Data from the 2012 Canadian Community Health 
Survey—Mental Health were used to derive a series of logistic 
regression models. A set of interaction terms was included to 
model the multiplicative effects of ACEs on mental disorders 
and suicidality. 

Results: The independent effects of physical abuse and sexual 
abuse were stronger than the effects of family violence. The 
cumulative effects represent nearly a 2-fold increase in disorder 
for each additional form of adversity. The multiplicative effects 
suggested that the clustering of physical abuse and sexual abuse 
had the greatest effect on mental disorders and suicidality. 

Discussion: These findings highlight the need to examine the 
nuanced effects of clustering of adversity in an individual, rather 
than relying on a single cumulative score. 

Conclusion: Future work should examine a comprehensive set 
of ACEs to identify which ACE combinations contribute to greater 
mental health burden, thereby informing the development of 
specific interventions.

INTRODUCTION
The long-term effects of childhood adversity are well docu-

mented in the literature, with established links to unhealthy 
behaviors, physical illness, and mental disorders throughout 
the life course.1-4 It is estimated that more than 50% of adults 
experienced at least 1 adverse childhood experience (ACE) 
in childhood, ranging from household dysfunction to severe 
maltreatment.4-6 

To account for the clustering of adversity in an individual, 
the literature has operationalized exposure in several ways. Cu-
mulative effects are often assessed as a simple ACE count or as 
a categorical variable with a threshold effect (eg, ≥ 4 ACEs),4,7,8 
on the basis of the original work by Felitti and colleagues.1 
Although simple in application, the cumulative and threshold 
approaches have been criticized as treating all ACEs as equiva-
lent, irrespective of fundamental differences in adversity.9 Thus, 
it is also common for researchers to examine the independent 
effects of each ACE by adjusting for other measured forms of 

adversity.2,7 Latent class analysis or factor analysis are other 
approaches used to model the underlying pattern of adversity 
rather than relying on a cumulative index.9,10

A recent study examined the individual and collective contri-
bution of various ACEs on mental health, reporting that cumu-
lative exposure leads to a graded increase in mental health issues 
above the risk of each ACE alone.2 Although this confirms that 
clustering of adversity increases the risk of mental health issues, 
it does not address whether certain combinations of adversity 
contribute more to the adult mental health burden than others. 
To continue to elucidate how various ACEs interact to affect 
adult mental health, we examined the independent, cumula-
tive, and multiplicative effects of exposure to physical abuse, 
sexual abuse, and family violence on past-year major depressive 
episodes (depression); generalized anxiety disorder (anxiety); 
suicidal thoughts, plans, or attempts (suicidality); drug abuse 
or dependence (problematic drug use); and alcohol abuse or 
dependence (problematic alcohol use) among a representative 
sample of Canadian adults. 

METHODS
This project used data from a series of annual Canadian Com-

munity Health Survey microdata files, available to accredited 
researchers and federal government employees through Sta-
tistics Canada (www.statcan.gc.ca/eng/help/microdata). Data 
were collected from the 2012 Canadian Community Health 
Survey—Mental Health, a cross-sectional survey that collected 
information on mental disorders and mental health outcomes 
in the past 12 months.11 In brief summary, the target popula-
tion covered household residents living in Canada, excluding 
individuals living on reserves, residents of health institutions, 
full-time members of the Canadian Armed Forces, and those 
who live in certain remote areas (< 3% of the population). The 
sampling frame followed a multistage procedure that formed 
geographic clusters, selected a household in each cluster, and 
sampled a single respondent from each household. The re-
sponse rates at the household and individual level were 79.8% 
and 86.3%, with a combined response rate of 68.9% overall.11 
All participants gave consent to participate in the survey after 
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being informed about the sensitivity of the questions and their 
voluntary ability to refuse to participate. 

Adverse Childhood Experiences
Individuals who were age 18 years or older were asked a series 

of questions pertaining to childhood experiences before age 16 
years. The childhood adversity questionnaire collected informa-
tion on exposure to physical abuse, sexual abuse, and family 
violence before age 16 years. Physical abuse was defined as the 
experience of an adult pushing, grabbing, shoving, or throwing 
something at them to hurt them, or kicking, biting, punching, 
choking, burning, or physically attacking them in some way. 
Sexual abuse was classified as an adult ever forcing or attempt-
ing to force them into unwanted sexual activity by threatening, 
holding down, or hurting them in some way, or touching them 
against their will in any sexual way. Family violence was iden-
tified as witnessing parents, stepparents, or guardians hit each 
other or another adult in the home. 

Mental Disorders and Suicidality
Past-year depression and anxiety disorders were classified us-

ing the World Health Organization Composite International 
Diagnostic Interview, a semistructured diagnostic interview 
based on criteria from the Diagnostic and Statistical Manual 

of Mental Disorders, Fourth Edition (DSM-IV).12 Past-year 
suicidality was an indicator of at least 1 of the following: Serious 
thoughts about suicide, making a plan, or attempting suicide. 
Past-year problematic alcohol use and problematic drug use 
(cannabis or other illicit drugs) were measured with the World 
Health Organization Composite International Diagnostic 
Interview, based on DSM-IV criteria for substance abuse and 
dependence.12 

Covariates included age, sex (men, women), race (white, 
other), marital status (single, married/common-law, widowed/
separated/divorced), and education (less than high school, high 
school graduate, some postsecondary education, postsecondary 
graduate), based on previous literature.3 

Statistical Analysis
Logistic regression models were used to assess the indepen-

dent, cumulative, and multiplicative effects of adversity on past-
year mental disorders and suicidality. The multiplicative effects 
were modeled using a set of interaction terms between physi-
cal abuse, sexual abuse, and family violence. For each model, a 
single 3-way interaction term and three 2-way interaction terms 
were included. The 3-way interaction term was tested first to 
determine whether the combined experience of physical abuse, 
sexual abuse, and family violence was greater than expected on 
the basis of independent and 2-way interaction effects. Next, 
the 3-way interaction terms were removed from each model, 
and a set of models tested each 2-way interaction term. All 
models were hierarchically well formulated with adjustment 
for age, sex, race, marital status, and education. Subsequently, 
the analysis was stratified by sex to assess whether the effects 
of childhood adversity on mental health outcomes differed for 
male and female participants. Sample weights and bootstrap 
replicate weights were applied to account for oversampling and 
clustering methods used by Statistics Canada during sampling. 
All analyses were completed at the Toronto Regional Data 
Centre in Toronto, Canada, using Stata 15 software (StataCorp, 
College Station, TX).13 

RESULTS
The final sample was composed of 23,527 Canadian adults 

after excluding 319 individuals who did not provide informa-
tion on childhood adversity (< 1.5%). Nearly one-third (32.5%) 
of participants reported an experience of childhood adversity 
before age 16 years. The most common adversity reported was 
physical abuse (22%), followed by family violence (15%) and 
sexual abuse (10%). Table 1 reports the descriptive character-
istics of the sample stratified by their experience of early life 
adversity. For the entire sample, the average age was 47 years, 
with nearly 50% of the sample identifying as male, 78% as 
white, 15% as having less than high school education, 68% as 
graduating from a postsecondary institution, and 62% as married 
or common-law spouses. Individuals who experienced at least 
1 ACE had a higher prevalence of past-year mental disorders, 
including depression (8.8% vs 2.8%), anxiety (4.8% vs 1.6%), 
suicidality (6.5% vs 1.8%), problematic alcohol use (4.5% vs 
2.5%), and problematic drug use (2.9% vs 1.1%; Table 1). 

Table 1. Demographic variables and mental disorders, stratified 
by adverse childhood experience (ACE) before 16 years old 
(N = 23,527)a

 
Characteristic

No ACEs
(n = 15,849)

At least 1 ACE
(n = 7678)

Age, y, mean (standard error) 47.2 (0.14) 46.8 (0.14)
Sex
Men 48.8 (48.1, 49.5) 49.8 (48.3, 51.4)
Women 51.2 (50.5, 51.9) 50.2 (48.6, 51.7)
Racial-ethnic origin
White 78.5 (77.0, 79.9) 77.2 (75.5, 79.0)
Other 21.5 (20.1, 23.0) 22.8 (21.0, 24.5)
Education
Less than high school 14.6 (13.7, 15.4) 14.6 (13.3, 15.9)
High school graduate 16.8 (15.8, 17.8) 15.6 (14.4, 16.9)
Some postsecondary 6.1 (5.5, 6.8) 8.3 (7.2, 9.5)
Postsecondary graduate 62.4 (61.1, 63.8) 61.5 (59.7, 63.4)
Marital status
Married/common law 63.1 (61.9, 64.3) 63.3 (61.6, 65.0)
Widowed/separated/divorced 13.0 (12.2, 13.9) 14.6 (13.4, 15.9)
Single 23.9 (22.8, 24.9) 22.1 (20.6, 23.5)
Mental disorders (past 12 mo)
Depression 2.8 (2.4, 3.2) 8.8 (7.7, 9.8)
Anxiety 1.6 (1.3, 1.9) 4.8 (4.2, 5.5)
Suicidality 1.8 (1.5, 2.1) 6.5 (5.6, 7.5)
Problematic alcohol use 2.5 (2.0, 2.9) 4.5 (3.8, 5.2)
Problematic drug use 1.1 (0.8, 1.3) 2.9 (2.3, 3.4)
a Data are percentage (95% confidence interval) unless indicated otherwise. Estimates 

are weighted to account for oversampling methods conducted by Statistics Canada.
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Table 2 reports adjusted odds ratios (ORs) for the indepen-
dent and cumulative effects of physical abuse, sexual abuse, and 
family violence on adult mental disorders and suicidality. The 
independent effects of physical abuse and sexual abuse were 
stronger than family violence, with the strongest association 
observed between sexual abuse and suicidality (OR = 3.14; 
95% confidence interval [CI]  =  2.35-4.19). For the cu-
mulative effect of ACEs, the ORs ranged from 1.61 (95% 
CI = 1.41-1.83) for problematic alcohol use to 2.15 (95% 
CI = 1.95-2.37) for suicidality. Collectively, this suggests the 
odds of each mental disorder increased by nearly 2-fold with 
each additional ACE. 

Figures 1 and 2 depict the multiplicative effects of physical 
abuse, sexual abuse, and family violence on mental disorders 
and suicidality. Collectively, the observed comparisons suggest 
the ORs for combined exposure to all 3 forms of childhood 
adversity were similar compared with experiences of 2 forms of 
adversity, specifically physical abuse and sexual abuse (Figure1). 
Although the ORs for depression, anxiety, suicidality, and prob-
lematic alcohol use were greatest for the combined experiences 
of all 3 forms of childhood adversity, the 95% CIs are wide and 
overlap with many estimates for combinations of 2 ACEs. For 
example, the ORs for depression were highest for all 3 forms 
of adversity (OR = 7.54; 95% CI = 5.42-10.49), yet this finding 
was comparable to the experience of physical abuse and sexual 
abuse alone (OR = 6.36; 95% CI = 4.06-10.07). Similarly, the 
odds of problematic substance use were greatest for sexual abuse 
and family violence (OR = 13.46; 95% CI = 4.31-42.10), yet the 
95% CIs overlapped with the combined effect of all 3 ACEs 
(OR = 6.89; 95% CI = 3.94-12.06). 

Figure 2 illustrates the OR comparisons for the combined 
effects of 2 forms of adversity. For each mental health outcome, 
3 sets of models depict the combined effects of 1) physical abuse 
and sexual abuse, 2) physical abuse and family violence, and 
3)  sexual abuse and family violence. The comparisons suggest 
that combined exposure to physical abuse and sexual abuse had 
the greatest effect on past-year mental disorders and suicidal-
ity, yet the 95% CIs for the combined effects often overlapped 
with the independent effects. One exception was observed for 
suicidality, for which the combined effects of physical abuse and 
sexual abuse were significantly greater than their independent 
effects at α = 0.05. 

The sex-specific OR comparisons for the combined effects 
of experiencing 2 or 3 forms of adversity are reported in the 

Supplemental Figures 1 to 4 (available at www.thepermanen-
tejournal.org/files/2020/19.079supp.pdf ). Similar to the total 
sample, the sex-specific comparisons suggest that the ORs for 
combined exposure to 3 forms of adversity were similar compared 
with exposure to 2 forms of adversity. Most notably, the 95% CIs 
for combined exposure to physical abuse, sexual abuse, and family 
violence overlapped with combined exposure to sexual abuse and 
family violence among men (Supplemental Figure 1, available 
at www.thepermanentejournal.org/files/2020/19.079supp.pdf ) 
and physical abuse and sexual abuse among women (Supple-
mental Figure 2, available at www.thepermanentejournal.org/
files/2020/19.079supp.pdf ). Collectively, the sex-specific com-
parisons modeling the 2-way interactions suggest that the effect of 
sexual abuse and family violence may be greater for men compared 
with women (Supplemental Figures 3 and 4, available at www.
thepermanentejournal.org/files/2020/19.079supp.pdf ). The most 
notable differences were observed for suicidality, for which the 
ORs for combined exposure to sexual abuse and family violence 
for men or physical abuse and sexual abuse for women were 
greater than the independent effects. Although imprecision makes 
it challenging to draw adequate inferences, these findings suggest 
there may be nuanced differences between men and women with 
respect to combined exposure to childhood adversity on mental 
disorders and suicidality.

DISCUSSION
Our study examined the clustering effects of physical abuse, 

sexual abuse, and family violence on mental illness and suicidal-
ity using secondary data from a nationally representative sample 
of Canadian adults. The combined effects of 3 forms of adversity 
were stronger than 2 forms of adversity for depression, anxiety, 
suicidality, and problematic alcohol use. For 2 forms of adversity, 
the combined effects of physical abuse and sexual abuse were 
greater than other combinations that include family violence. 
One exception was problematic substance use, for which sexual 
abuse and family violence had the strongest combined effect. 
These findings highlight nuanced effects that can be observed 
only when adversity is not collapsed into a single cumulative 
score, although overlapping 95% CIs suggest the odds of disor-
der may be similar for such combinations of adversity.

Furthermore, the sex-specific OR comparisons uncover 
some differences in the clustering of adversity among men and 
women. Specifically, these findings suggest that the combined 
exposure to sexual abuse and family violence may have a greater 

Table 2. Odds ratios for independent and cumulative effects of adverse childhood experiences on past-year prevalence of 
depression, anxiety, suicidality, problematic alcohol use, and problematic drug use (N = 23,527)a

 
Adverse childhood 
experience (ACE)

Odds ratio (95% confidence interval)
 

Depression
 

Anxiety
 

Suicidality
Problematic  
alcohol use

Problematic  
drug use

Physical abuse 2.47 (1.96-3.12) 2.26 (1.68-3.04) 2.07 (1.50-2.85) 1.83 (1.38-2.42) 2.64 (1.84-3.79)
Sexual abuse 2.56 (2.00-3.27) 2.06 (1.54-2.74) 3.14 (2.35-4.19) 1.77 (1.17-2.68) 2.35 (1.54-3.58)
Family violence 1.22 (0.93-1.60) 1.43 (1.03-1.99) 1.67 (1.15-2.43) 1.30 (0.93-1.81) 1.43 (0.98-2.09)
Cumulative ACE score 1.96 (1.79-2.14) 1.88 (1.70-2.07) 2.15 (1.95-2.37) 1.61 (1.41-1.83) 2.06 (1.79-2.37)
a Models are adjusted for age, sex, race, marital status, and education.
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effect on mental disorders and suicidality among men compared 
with women, most notably for suicidality. However, some forms 
of adversity were uncommon, which led to imprecision of the 
sex-specific estimates and reduced confidence in these findings. 
Future work should examine the sex-specific multiplicative ef-
fects of adversity on mental disorders and suicidality using larger 
samples of adults. 

Our results are generally consistent with studies that com-
pared the cumulative risk score approach with factor analysis 
and latent class analysis approaches that model the underlying 
relationships between forms of adversity.9,10,13 For instance, 
the cumulative risk score and factor analysis approaches had 
similar predictive ability for symptoms of depression, drug 
use, and heavy drinking in early adulthood after adjusting for 

Figure 1. Adjusted odds ratios for 3-way interaction effects of childhood physical abuse, sexual abuse, and family violence on past-year A) depression, B) anxiety, 
C) suicidality, D) problematic alcohol use, and E) problematic drug use among adults.a

a Models were adjusted for age, sex, race, marital status, and education.
× = multiplied by; ACE = adverse childhood experience.
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sociodemographic characteristics; however, factor analysis was 
better able to examine the clustering effect of adversity on chil-
dren’s mental health outcomes.9 In the studies that compared 
the cumulative approach with latent class analysis, the class of 
“high ACEs”—effectively a threshold cumulative score—re-
vealed the strongest association with poor health outcomes over 
specific combinations of adversity.10,13 Specifically, Merians and 

colleagues13 reported that the cumulative risk score (threshold 
effect of ≥ 5 ACEs) behaved similarly to the latent class “high 
ACEs” group compared with “low ACEs,” whereas Lanier and 
colleagues10 provided evidence that other clusters of household 
dysfunction were also associated with poor health outcomes 
among children (eg, parental mental illness and poverty). By 
highlighting the clustering of physical abuse and sexual abuse, 

Figure 2. Adjusted odds ratios for 2-way interaction effects of childhood physical abuse, sexual abuse, and family violence on past-year A) depression, B) anxiety, 
C) suicidality, D) problematic alcohol use, and E) problematic drug use among adults.a

a Models were adjusted for age, sex, race, marital status, and education.
× = multiplied by; ACE = adverse childhood experience.

Capturing Risk Associated with Childhood Adversity: Independent, Cumulative, and Multiplicative Effects 
of Physical Abuse, Sexual Abuse, and Family Violence on Mental Disorders and Suicidality



6 The Permanente Journal • https://doi.org/10.7812/TPP/19.079The Permanente Journal • For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. All rights reserved.

ORIGINAL RESEARCH & CONTRIBUTIONS
Capturing Risk Associated with Childhood Adversity: Independent, Cumulative, and Multiplicative Effects of Physical Abuse, Sexual Abuse, and Family Violence on Mental Disorders and Suicidality

our findings corroborate the importance of examining the nu-
anced clustering effects of adversity on mental health in adults. 

The current study adds to this growing literature as one of 
the first studies to examine the multiplicative effects of child-
hood adversity on the risk of adult mental disorders. The use of 
a large, nationally representative sample of Canadian adults and 
semistructured diagnostic interviews to assess mental disorders 
and suicidality further strengthens the validity of the findings. 

This study also has limitations that future research can im-
prove on. First, our analysis was limited to 3 forms of adversity. 
Taken in context of previous research, the combined results of 
these studies present an incomplete picture. Although previous 
research examined either abuse and neglect in the absence of 
household dysfunction or household dysfunction in the absence 
of abuse or neglect, our study examined measures of abuse and 
household dysfunction in the absence of neglect. Without ac-
counting for all forms of adversity in the same analysis, the 
effects of the measured ACEs may be exaggerated, while other 
effects in unmeasured adversity are simultaneously missed. 
Therefore, to better assess the often nuanced impact of mul-
tiple ACEs on mental disorders, future analyses should include 
measures of abuse, neglect, and household dysfunction or an 
expanded ACE inventory with items such as severe material 
disadvantage or exposure to adversity outside the home.14 

Second, whereas childhood adversity likely precedes adult 
mental disorders, the cross-sectional nature of the data limits 
the ability to make causal inferences. Although we focused on 
past-year experiences of mental disorders and suicidality to 
mitigate the risk of reverse causation, the use of prospectively 
collected longitudinal data would further reduce the risk of 
recall bias in reporting exposure to adversity. 

Third, the initial sample size of our study was large; however, 
the assessment of combined exposure to multiple forms of ad-
versity limited the precision. As such, our final conclusions are 
based on the collective results, rather than individual findings 
from a single model. Although issues of stigma, prejudice, and 
oppression are important considerations in the field of mental 
health and childhood adversity, the current analysis was limited 
in the ability to examine racial differences in the clustering ef-
fects of adversity. Future work would benefit from the use of 
even larger samples or by focusing on populations with a higher 
prevalence of childhood adversity. 

CONCLUSION
In concert with previous literature, our results suggest the 

cumulative approach may be appropriate to examine the clus-
tering effect of adversity on mental disorders and suicidality; 
however, the nuanced effect of certain combinations, primarily 
physical abuse and sexual abuse, should be further examined. 
Future studies with a comprehensive set of ACEs are required 
to strengthen our confidence in the use of a cumulative ap-
proach to effectively and meaningfully measure risk associated 
with childhood adversity. Larger studies are needed to examine 
sex-based and racial differences in the multiplicative effects of 
ACEs on mental health outcomes in adults. v
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