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Abstract

Asthma is a chronic respiratory disease with complex etiology. Adverse childhood experiences
(ACEs) have been linked to asthma in adulthood. Underlying potential mechanisms for the
ACE-asthma relationship include stress-induced inflammatory pathways and immune
dysregulation. We conducted a cross-sectional secondary data analysis of the 2013 Alberta
ACE Survey to explore the relationship between latent ACE factors and self-reported adult
asthma. We evaluated the underlying correlation structure among eight different ACEs
using exploratory factor analysis. We conducted a logistic regression model to evaluate whether
ACE factors retained from the factor analysis predicted self-reported asthma in adulthood.
Results were reported as odds ratios (ORs) with 95% confidence intervals (CIs). We analyzed
ACE survey results from 1207 participants. Factor analysis yielded four ACE latent factors:
factor 1/relational violence, factor 2/negative home environment, factor 3/illness at home,
and factor 4/sexual abuse. Results of the logistic regression showed that experiencing sexual
abuse (OR: 3.23; 95%CI: 1.89, 5.23), relational violence (OR: 1.99; 95%CI: 1.17, 3.38), and being
exposed to a negative home environment (OR: 1.86; 95% CI: 1.03, 3.35) were predictive of a
diagnosis of asthma in adulthood, whereas living in a household with someone experiencing
illness did not show an effect (OR: 1.38; 95%CI: 0.75, 2.56). Factor analysis provides an effectual
approach to understand the long-term impact of ACEs on respiratory health. Our findings have
important implications to understand the developmental origins of asthma in adulthood and
inform interventions aimed at reducing the lasting negative impact of childhood adversities on
future respiratory health.

Introduction

Asthma is a chronic respiratory disease characterized by recurring episodes of airway inflam-
mation, shortness of breath, wheeze, cough, and chest tightness.1 Asthma is one of the most
common chronic illnesses in Canada affecting approximately 10.8% (3.8 million) of the total
population, with an average of 443 new cases diagnosed every day.2 Asthma poses significant
burden to the health care system and substantial adverse effects on health-related quality of life.
In 2010–2011, approximately 0.8 million medical visits in Canada were attributed to asthma,
constituting a major cause of productivity loss and school absenteeism.2

The etiology and pathogenesis of asthma is complex and not completely understood.1

Current scientific evidence implicates a complex interplay of prenatal and early-life exposures,
genetic factors, and environmental hazards in asthma causation pathways.1,3 A growing body of
research has identified harmful effects of early-life environmental exposures on asthma
including maternal atopy and smoking, preterm birth and bronchopulmonary dysplasia,
infections, and malnutrition.4 Among these early-life exposures, adverse childhood experiences
(ACEs) such as physical or sexual abuse, emotional maltreatment, and witnessing chronic
relational violence have been linked to an increased susceptibility to developing asthma in
adulthood.5–13 Childhood trauma is thought to leave a lifelong negative impact on respiratory
health that is mediated through stress-induced inflammatory pathways and immune
dysregulation.5–14

Evidence indicates that ACEs often occur in clusters.12,13 Consequently, recent studies have
analyzed the cumulative effect of exposure to multiple ACEs on asthma onset.9–12,15 Exposure to
multiple ACEs has consistently been reported to increase the risk of adult asthma in a dose–
response manner.9,12,13 These findings suggest that ACEs are multidomain constructs
encompassing different and overlapping adverse experiences and that ACE combinations are
likely to have a cumulative effect on asthma onset.10,13,16

As the number of ACE exposures increases, elucidating their conjoined effects on health
outcomes poses some statistical challenges. For example, large sample sizes would be required
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to estimate the effects of large numbers of potential ACE combi-
nations (e.g., a total of 26 different combinations theoretically
would exist when 5 ACEs are to be evaluated, whereas 247
combinations could potentially exist if 8 ACEs are studied),
making statistical modeling intractable. An alternative approach
is to identify latent factors/constructs underlying diverse ACEs.
Using this approach, a large number of ACEs can be parsimoni-
ously represented by a smaller number of underlying latent
factors.17 Latent factors are unobserved variables that are inferred
through mathematical models from other variables and that sub-
stantially reduce data dimensionality,17 while providing significant
insights into the relationship betweenACEs and future health.18 To
our knowledge, the use of latent factors of ACEs has not been
explored as an alternative to evaluate the relationship between
ACEs and adult-onset asthma. Understanding how ACE latent
factors influence asthma development in adult life may provide
valuable insights for the design of integrative preventive strategies
targeting children from families with high vulnerability to ACEs
and help to reduce the impact of ACEs on asthma burden.

Using data from the 2013 Alberta Adverse Childhood
Experiences survey (ACE survey),12,19 the present study evaluated
relations among eight types of ACE to identify latent factors of
ACEs and assess their association with the development of asthma
in adulthood. Our study objectives were (1) to identify latent
factors characterizing the correlation structure among ACEs and
(2) to evaluate the effect of ACE latent factors on adult asthma
development. We hypothesized that ACEs are highly correlated;
they can be represented by latent factors and that ACE latent
factors associate with asthma in adulthood.

Methods

Study design and data sources

We conducted a cross-sectional secondary data analysis of the 2013
Alberta ACE Survey conducted by the Alberta Centre for Child,
Family and Community Research.12,19 Briefly, the ACE survey
was a computer-assisted telephone survey using a random sample
of 1207 adults living in Alberta (response rate 20.9%) that gathered
sociodemographic data, information about adversity during child-
hood (defined as <18 years of age), and poor health outcomes in
adulthood, including asthma and other respiratory problems. The
survey had eight questions about ACEs that assessed individual
exposures to abuse, neglect, and household dysfunction during
childhood. Detailed methods for the original survey study are
described elsewhere.12 Ethics approval for this secondary analysis
was obtained from the University of Alberta’s Health Research
Ethics Board (Study ID: Pro00083997). A data access agreement
was signed with the data custodian (PolicyWise for Children
and Families) to protect confidentiality and privacy of the original
study participants.

Exposure variables

We obtained data on the following eight individual ACEs from the
Alberta ACE survey: verbal insults (frequently experienced verbal
insults or threats from an adult or parent in the household),
physical abuse (experienced physical injury or bruise caused by
a parent or adult in household), sexual abuse (experienced inap-
propriate sexual advances or contact by an adult or someone older
to them by 5 years or more), witnessing violence against mother,
alcohol/drug use at home, living in a household with someone with
depression/mental illness, living in a household with someone with

chronic illness/physical disability, and parental separation/divorce.
Data on ACEs occurring before the age of 18 years were self-
reported and measured on a binary scale (absent/present). No
information about duration and severity of ACE exposure was
collected in the survey.19

Study outcome and covariates

Participants in the Alberta ACE survey were asked questions about
adult health diagnostic indicators (i.e., “Have you been diagnosed
with any of the following health problems as an adult?”) and if they
received treatment or not (i.e., “If Yes, did you receive treatment?”).
The primary outcome of interest was a self-reported diagnosis of
asthma as an adult (>18 years of age). We obtained data on char-
acteristics of the study population including sex, age, area of
residence in Alberta (Edmonton/Calgary/other), and country of
birth (Canada/elsewhere).

Statistical analysis

We described the characteristics of the study population using
frequencies and percentages for categorical variables and mean
with standard deviations for continuous variables. We performed
an exploratory factor analysis to evaluate the underlying correla-
tion structure of the eight ACEs. We used the bivariate polychoric
correlation matrix as input and applied the maximum likelihood
method for extracting the factor solution. Correlation values were
interpreted as very high (0.90–1.00), high (0.70–0.89), moderate
(0.50–0.69), low (0.30–0.49), and negligible (0.00–0.29).20 The
adequacy of the sample for factor analysis was estimated using
the Kaiser–Meyer–Olkin test.21

We first used a scree plot to generate a plausible range of
factors and then Bayesian information criterion (BIC)22 and
Akaike’s information criterion (AIC)22 to determine the
number of ACE latent factors to be retained for subsequent
analysis.22 We applied a varimax Kaiser normalization rotation
to improve interpretability of results and to pursue orthogonality
of factors.21 Factor loading coefficients were interpreted as the
correlation between individual ACEs and the extracted latent
factors. We used a path flow diagram to visually represent
the relationship among the eight types of ACE, the latent factors
derived from the factor analysis, and how the underlying latent
factors were associated with a diagnosis of asthma in adulthood.
Predictive factor scores (a linear combination of factor loadings
and original variables) were to be used in logistic regression
models.

We built a logistic regression model using predictive factor
scores for the ACE latent factors retained and calculated odds
ratios (ORs) with 95% confidence intervals (CIs) having self-
reported adult asthma (yes/no; the nonasthma group was chosen
as the reference group in the calculation of the ORs) as the outcome
variable and resulting latent factors as explanatory variables while
adjusting for sex (1=male/0 = female) and being born in Canada
(1= yes/0 = no). Model diagnostics were run to evaluate the
goodness of fit of the regression model. We estimated the mini-
mally detectable OR for the survey population (n= 1207) using
the lowest prevalence of ACE exposure (physical abuse: 11%)
and the prevalence of asthma in the absence of ACE (∼7%) for
a power of 80% according to formulas of power and sample size
calculations for logisticmodels.23 Our study sample had a statistical
power of 80% to detect an OR of 2.17.

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for reporting study design

Journal of Developmental Origins of Health and Disease 51

https://doi.org/10.1017/S2040174419000886 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174419000886


and results.24 All statistical analyses were conducted using STATA
Data Analysis and Statistical Software (Version SE 14.2; StataCorp
LLC, College Station, Texas, USA).

Results

We analyzed ACE survey results from the 1207 completed inter-
views. The mean age of survey respondents was 51 years (range:
17–94 years). Female-to-male ratio was 1.03. The response rates
for ACE questions were very high, ranging from 98.9% to 99.7%.
About 80% of respondents were born in Canada, 67% resided in
the two main metropolitan areas of Edmonton and Calgary,
whereas 33% had residence elsewhere in Alberta. About 9%
(n = 106) of the survey population reported being diagnosed
with asthma in adulthood. Alcohol/drug abuse at home (21%)
was the most commonly experienced ACE, and the least frequently
reported ACE was physical abuse (11%). Table 1 describes the key
characteristics of the survey population related to ACEs and the
prevalence of individual ACEs. For detailed descriptions of the study
population, please refer to the original study by McDonalds et al.12

Results from bivariate polychoric correlation analysis revealed
that all eight ACEs were positively correlated, although with differ-
ent degrees of correlation.20 For example, a high correlation was
observed for physical abuse and verbal insults (0.87), moderate
correlations for witnessing violence against mothers and physical
abuse (0.69), sexual abuse, and verbal insults (0.52); and negligible
correlations for chronic illness/physical disability at home and
parental separation/divorce (0.11). Detailed polychoric correlation
coefficients including the absolute number of cases per dual
exposures for the eight ACE types are presented in Table 2.

Factor analysis based on a bivariate polychoric correlation
matrix yielded four ACE latent factors. We retained the four
ACE latent factors after interpreting the scree plot criteria
(Fig. 1), communalities, and the BIC and AIC values calculated

for models that sequentially included the four ACE latent factors.
The corresponding BIC/AIC values for the models including one
to four latent factors were 924.6/883.8, 334.2/258, 178.3/71.6, and
187.5/55.5, respectively. Thus, BIC favored a three-latent-factor
model, whereas AIC favored a four-latent factors model. In the
three-latent-factor model, the communality of sexual abuse was
0.32 (very low), whereas the communality in the four-latent-factor
model increased to 0.78. The variable-related communality is the
variance in themeasured variable that is explained by all the factors
in the model. Thus, the low communality of sexual abuse in the
three-latent-factor solution suggests that this variable is not part
of the three domains suggested by the factor model. The inclusion
of the four-factor substantially increased the communality for
sexual abuse, suggesting that the four-factor-latent model is better
compared to the three-latent-factor solution.

As a result of combining all criteria, we retained the four-latent-
factor model for further analysis. Table 3 shows the factor loadings,
communality, and uniqueness of individual ACEs after rotation of
the retained factors. Factor 1 – termed relational violence – had the
highest positive loadings (i.e., a high correlation between the var-
iable and the latent factor after controlling for other factors in the
model) on physical abuse (0.84), verbal insults (0.85), and witness-
ing violence against mothers (0.52). Factor 2 was closely associated
with alcohol/drug use at home (0.71), witnessing violence against
mothers (0.67), and parental separation/divorce (0.60) and was
termed as negative home environment factor. Factor 3 was closely
associated with living in a household with someone with depres-
sion/mental illness (0.54) and chronic illness/physical disability
(0.54) and was termed as illness-at-home factor. Factor 4 was
mainly associated with sexual abuse (0.79) and was termed sexual
abuse. Witnessing violence inflicted to the mother was associated
with both factors 1 and 2. Chronic illness/physical disability and
parental separation/divorce showed communalities below 0.5
(0.30 and 0.43, respectively), indicating that they were not well
explained/represented by the latent factors they were related to.
Fig. 2 shows a path diagram of the relationship among the eight
types of ACE, latent ACE factors, and adult-onset asthma.

Results from the logistic regression analysis showed that three
out of the four ACE latent factors were associated with a self-
reported diagnosis of asthma in adulthood. Table 4 shows the
logistic regression model for the prediction of an asthma diagnosis
in adulthood. Adjusted ORs by sex (male/female), area of resi-
dence, and country of birth (Canada/elsewhere) indicated that
factor 4/sexual abuse (OR: 3.23; 95% CI: 1.89, 5.53), factor 1/rela-
tional violence (OR: 1.99; 95% CI: 1.17, 3.38), and factor 2/negative
home environment (OR: 1.86; 95% CI: 1.03, 3.35) were significant
predictors of a diagnosis of asthma in adulthood, whereas factor
3/illness at home (OR: 1.38; 95% CI: 0.75, 2.56) did not show such
association. For comparative purposes, we estimated the OR for
the logistic model including the eight ACEs as explanatory
variables adjusted by sex and born (yes/no) in Canada, and corre-
sponding variance inflation factors. The results are presented in
Supplementary Material (Supplementary Table S1).

Discussion

We conducted a secondary data analysis of the 2013 Alberta ACE
survey to evaluate the relationship between latent factors underly-
ing childhood adversities and an increased risk of asthma diagnosis
in adulthood. Our study confirms existing evidence that different
types of ACEs frequently exist in clusters.11–13,25 We found that the
eight ACEs evaluated in our study had various degrees of

Table 1. Sociodemographic characteristics and prevalence of adverse childhood
experiences reported in the 2013 Alberta Adverse Childhood Experiences survey
(n respondents = 1207)

Characteristics n (%)

Sex

Male 595 (49%)

Female 612 (51%)

Born in Canada 965 (80%)

Area of residence in Alberta

Edmonton 404 (34%)

Calgary 402 (33%)

Other 401 (33%)

Alcohol/drugs use at home 256 (21%)

Depression/mental illness at home 245 (20%)

Chronic illness/physical disability at home 236 (20%)

Parental separation/divorce 213 (18%)

Experienced verbal insults in childhood 205 (17%)

Experienced sexual abuse in childhood 179 (15%)

Witnessing violence against mothers in childhood 160 (13%)

Experience physical abuse in childhood 133 (11%)
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correlation among them. It has been previously reported that expo-
sure to multiple types of ACEs compounds the risk of adverse
health outcomes.9,11–13 ACE management programs need to take
into consideration the high likelihood of coexistence of various
types of adversities during childhood and designmultimodal inter-
ventions to prevent the negative impact of ACEs on adult health.

Sexual abuse was identified to be a different exposure compared
to the other ACEs. The relationship between childhood sexual
abuse and poor health in adult life has been well established13;
however, most studies have grouped sexual and physical abuse
altogether. In our study, experiences of sexual abuse during child-
hood were identified as a strong predictor of asthma in adulthood.
Childhood sexual abuse is an early-life traumatic event with
important consequences to the hypothalamic–pituitary–adrenal

axis. The trauma generated by these experiences, particularly if
they are chronic and pervasive, can trigger specific immunological
and neuroendocrine imbalances and lead to different impacts on
inflammatory markers associated with asthma.26

Results from the exploratory factor analysis suggest that child-
hood experiences of relational violence – either directly inflicted to
the child or indirect experiences of witnessing violence – are highly
correlated and together are significant predictors of adult asthma.
These findings are consistent with previous studies suggesting that
exposure to violent behaviors during childhood (e.g., domestic vio-
lence or parental interpartner violence) is linked to increased sus-
ceptibility for asthma development in adulthood.5–8 The biological
mechanisms through which childhood experiences of violence
continue to impact health later in life are not well understood. It
has been hypothesized that ACEs impact respiratory health
through stress-induced inflammatory pathways and immune dys-
regulation6,12 that trigger a myriad of behavioral and biological
responses.27–29 Studies suggest that exposures to early-life stress
can have a deleterious impact on biological stress responses,29

immune system, and airway development which, in turn, may lead
to symptoms of airway hyper-responsiveness in adulthood.27,28

A recent literature review presented a biological embedding model
that posits that exposure to stress in childhood creates chronic pro-
inflammatory responses and endocrine dysregulations that mani-
fest as risky health behaviors and morbidities in adulthood.29 The
combination of experiencing both first- and second-hand violence
in childhood may reflect a milieu of physical and psychological
stress that exerts lingering damage and results in poor health out-
comes later in life. Future work in this area should further explore
biological markers associated with ACE-mediated psychophysio-
logical stress and their role in the ACE-adult asthma causal
trajectory.

A negative home environment was also found to be strongly
associated with a diagnosis of asthma in adulthood. The fact that
diverse ACE types (i.e., witnessing violence against mothers,
parental separation/divorce and alcohol/drug use at home) were
highly to moderately correlated with each other and that they
had a unidimensional effect altogether suggests that the correlation

Table 2. Bivariate polychoric correlation matrix showing correlation coefficients and total number of cases (n) for the eight ACEs* (n= 1207)

Verbal
insults Physical abuse Sexual abuse

Witnessing
violence
against
mothers

Alcohol/drug
use at home

Depression/
mental illness in

family

Chronic illness/
physical disability

at home

Parental
separation/
divorce

Verbal insults 1 (205) 0.87 (106) 0.52 (78) 0.67 (90) 0.49 (96) 0.51 (95) 0.24 (63) 0.34 (67)

Physical abuse 1 (133) 0.50 (55) 0.69 (70) 0.46 (65) 0.43 (61) 0.15 (36) 0.37 (49)

Sexual abuse 1 (179) 0.43 (57) 0.33 (69) 0.39 (73) 0.16 (48) 0.33 (59)

Witnessing violence
against mothers

1 (160) 0.64 (98) 0.49 (76) 0.14 (42) 0.52 (72)

Alcohol/drug use at
home

1 (256) 0.55 (117) 0.25 (76) 0.51 (100)

Depression/mental
illness in family

1 (245) 0.35 (85) 0.35 (79)

Chronic illness/physical
disability at home

1 (236) 0.11 (52)

Parental separation/
divorce

1 (213)

*This matrix was the input for factor analysis.

Fig. 1. Scree plot of latent ACE factors extracted from factor analysis.
The scree plot is showing the eigenvalues of the four factors extracted from factor
analysis, with eigenvalues on the y-axis and the number of factors on the x-axis.
For the first three factors, the curve is reasonably dropping, suggesting that a
three-factor model or a four-factor model may be appropriate.
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structure underlying several ACEs is complex and that estimation
of individual and combined effects of ACEs can be challenging
due to collinearity issues. Therefore, classification of ACEs as
unique individual exposures or independent groups of experiences
may be unrealistic. Our analysis suggests that conceptualization
of ACEs based on latent factors provides an alternative and com-
prehensive approach to understanding the relationships between
ACEs and their long-term impact on health outcomes. Future
ACE studies can use a similar approach to explore other negative
health outcomes commonly associated with ACEs such as heart

disease, hypertension, and mental distress.11,27 Another area that
merits further attention is exploring the impact of other related
asthma triggers such as maternal smoking, and socioeconomic
status3 on the relationship between a negative home environment
and a diagnosis of asthma in adulthood.

Other studies have also used factor analysis and similar tech-
niques to create ACE clusters with similar factorial structure.30,31

Only a few studies have evaluated the association between ACE
clusters and specific long-term outcomes in adulthood (e.g.,
cancer32 and mental health disorders33). As different factor solu-
tions have been suggested to fit the data in these studies, it is
expected that they influence how ACE clusters associate with
long-term health outcomes. Our study adds novel information
to this area of research as we identified a four-factor solution
for ACEs that account for significant associations with asthma
in adulthood. This finding highlights the need to identify common
risk factors among specific adverse experiences that can convey
useful information for targeted prevention and mitigation
interventions.

The potential use of latent factors of ACEs as predictors of
adult-onset asthma has implications for clinical practice. To date,
clinical prediction models for asthma have mainly focused on
genetic and environmental risk factors such as family history of
asthma, parental atopy, recurrent wheezing, and maternal
smoking.34–36 Researchers developing asthma prediction tools
should consider the inclusion of psychosocial stressors such as
ACEs as potential asthma predictors for a comprehensive assess-
ment of future asthma risk. It would be interesting to compare the
accuracy of traditional asthma prediction models with a clinical
tool incorporating evaluation of ACEs and other psychosocial
stressors. Comprehensive asthma prediction tools may assist
clinicians to devise timely preventive interventions and reduce
asthma incidence in adult life.37

Our study had several strengths that included the use of popu-
lation-based survey data that captured ACEs in a sample from
the general population in Alberta. Our logistic regression analysis
had a statistical power of 80% to detect an OR of at least 2.17.
Although some of the effect sizes were smaller than 2.17 (i.e. OR:
1.86 for negative home environment), it is still clinically important

Table 3. Matrix of the rotated* factor loadings for the four-latent-factor solution from the eight ACEs

ACE

Factor loadingsa

Factor 1 Factor 2 Factor 3 Factor 4 Communalityb Uniquenessc

Verbal insults 0.85 0.25 0.28 0.23 0.91 0.09

Physical abuse 0.84 0.30 0.10 0.22 0.86 0.14

Sexual abuse 0.29 0.25 0.22 0.79 0.78 0.22

Witnessing violence against mothers 0.52 0.67 0.10 0.15 0.76 0.24

Alcohol/drug use at home 0.23 0.70 0.33 0.07 0.69 0.31

Depression/mental illness in family 0.25 0.41 0.57 0.19 0.56 0.44

Chronic illness/physical disability at home 0.07 0.06 0.53 0.05 0.30 0.70

Parental separation/divorce 0.15 0.60 0.07 0.18 0.43 0.57

*We used the Kaiser orthogonal varimax method of rotation. After rotation, the proportion of variance was 36.4% for factor 1, 32.2%; for factor 2, 15.9% for
factor 3, and 15.5% for factor 4. The overall Kaiser–Meyer–Olkin (KMO) value was 0.835. TheminimumKMO value was 0.75 for Chronic illness/physical disability
at home (a value of 0.70 or above in considered adequate for factor analysis20).
aFactor loadings represent the correlation between the variable and the latent factor after controlling for other factors in the model. Values range between−1
and 1 (although in oblique rotations, these coefficients can be greater than 1 or less than −1).
bCommunality represents the variance in the measured variable that is explained by all the factors in the model.
cUniqueness represents the unexplained variance in each individual item that is not explained by the factors in the model.

Table 4. Logistic regression model for the prediction of adult-onset asthma
using ACE latent factors 1, 2, and 3 derived from the exploratory factor analysis

Predictor

Unadjusted
odds ratioa

(95% confidence
interval)

Adjusted odds ratiob

(95% confidence
interval)**

Factor 1/relational violence 1.98 (1.17, 3.35) 1.99 (1.17, 3.38)

Factor 2/negative home
environment

1.92 (1.07, 3.45) 1.86 (1.03, 3.35)

Factor 3/illness at home 1.51 (0.82, 2.77) 1.38 (0.75, 2.56)

Factor 4/sexual abuse 3.35 (2.01, 5.58) 3.23 (1.89, 5.53)

Variance inflation factors (VIFs): factor 1= 1.08, factor 2= 1.07, factor 3= 1.02, factor 4= 1.02.
These VIFs can be compared with those including the eight ACEs as explanatory variables in
Supplementary Table S1. VIF values indicate how much the variance of a coefficient is
“inflated” because of linear dependence with other predictors.
Factor scores are estimated from a linear combination of observed variables and factor
loadings as a by-product of the factor analysis. Conceptually, factor scores represent the
degree to which each individual scores high on the group of items that load high on a factor
(See Supplementary Table S2).
The ORs can be interpreted as the odds of asthma increase as the factor loadings increase. An
OR above 1 and excluding the 95% CI indicate that the factor loadings were higher in the
asthma group compared to the reference group (see Supplementary Table S2).
**Adjusted for sex (male/female) and country of birth (Canada/elsewhere); goodness of fit
(Hosmer–Lemeshow test) P-value= 0.133.
Reference category: no asthma.
aModel statement for unadjusted OR: Outcome: asthma (0= no/1= yes): log(odds)= Factor
1 + Factor 2 + Factor 3 + Factor 4. Goodness of fit (Hosmer–Lemeshow test) P-value= 0.15
bModel for adjusted OR: log(odds)= Factor 1 + Factor 2 + Factor 3 + Factor 4 + sex (0= female/
1=male) + born in Canada (0= no/1 = yes). Factors 1 to 4 are continuous variables
represented by factor scores; goodness of fit (Hosmer–Lemeshow test)
P-value= 0.133.
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to identify effects smaller than this statistical threshold. Moreover,
the large sample size and the correlation structure among ACEs
were adequate for investigating latent factors (as indicated by the
Kaiser–Meyer–Olkin test). Using factor analysis methods, eight
ACE types were reduced to four latent factors which allowed the
use of factor scores into a prediction model of adult asthma while
avoiding multicollinearity problems and the inclusion of too many
parameters related to double and triple interactions.22

Our study had some limitations that should be considered when
interpreting the results. Due to the cross-sectional nature of the
study, caution should be observed while making inferences based
on the study results. The use of retrospectively collected survey data
has inherent potential for misclassification and recall bias.12

However, our findings are supported by existing literature5–10 and
have implications for future ACE research, ACE management
policies, and clinical practice. The 2013 Alberta ACE survey12 had
a low response rate that is common among telephone surveys con-
ducted in Alberta.38 It has been argued that a low participation rate
does not necessarily imply a high risk of nonresponse bias,39 but that
the difference between participants and nonparticipants would
determine the magnitude of bias. Authors of the 2013 Alberta
ACE survey reported that the characteristics of the study sample
reflected the sociodemographic profile of the province, strengthen-
ing the generalizability of the findings.

The ACE survey did not collect information about the tempo-
rality and duration of ACEs, and therefore, we were not able to
evaluate whether exposures to ACEs at early ages were more likely
among individuals reporting asthma in adulthood.

There is no consensus on the best approach to assess ACEs.40

The 2013 Alberta ACE survey used self-reported information to
assess the prevalence of eight ACE types. Self-reported measures
of childhood abuse are likely to be underreported due to hesitance
to disclose sensitive information.40 This characteristic is common
in social/psychological research. For example, childhood sexual
abuse is likely to be underreported, especially if the child’s parents
are the main perpetrators.7 It is possible that underreporting of
sexual abuse in our sample accounts for the modest relationship

with relational violence (factor 1). Other factors that may influ-
ence the accuracy of ACE reporting include time passed since the
ACEs occurred, the frequency and intensity of adversity experi-
ence, and the type of abuse suffered.40 It is unknown whether
these characteristics may have affected the ACE survey results.
The 2013 Alberta ACE study was a telephone survey, adminis-
tered by trained interviewers, and confidential which is likely
to have facilitated the reporting of ACEs.12 Further studies are
needed to find optimal approaches to assess childhood adversities
in research and clinical context.

Asthma was defined in the 2013 Alberta ACE survey by self-
reported diagnosis as an adult. Defining asthma in epidemiological
studies is a well-known challenge as it is prone to misclassifica-
tion.41 However, self-reported diagnosis of asthma has been fre-
quently used in population-based studies as a reliable and cost-
effective alternative to lung function measurements which may
not be readily available in every setting.9,10,35,41,42 Therefore, the
ACE survey definition of asthma was appropriate to explore the
relationship between ACEs and adult asthma.

The 2013 Alberta ACE survey did not collect important infor-
mation about the characteristics of the home environment when
the ACEs occurred. Therefore, we were not able to explore the role
of important mediators of the relationship between ACE and
asthma in adulthood (e.g., socioeconomic status, nutrition, home
crowding, parental smoking, or nutrition status in childhood).
Data on sociodemographic characteristics (e.g., socioeconomic
status, education, and employment) were collected at the time of
survey and may not reflect childhood exposures. Hence, we were
not able to account for these variables in our analysis.

Using data from the 2013Alberta ACE survey, the present study
evaluated the relationship between latent factors of ACEs and
asthma in adulthood. We found that childhood experiences of
sexual abuse, relational violence, and a negative home environment
are strongly predictive of asthma in adulthood. These findings pro-
vide valuable insights into the developmental origins of adult
asthma and may help design effective ACE management strategies
targeting children at risk of experiencing poor respiratory health in

Fig. 2. Path diagram of the relationship among the eight types of ACE, latent ACE factors, and adult-onset asthma.
Outcome: Asthma (0= no/1 = yes). Reference category: No asthma. Model: log (odds)= Factor 1 + Factor 2 + Factor 3 + Factor 4 + sex (0 = female/1=male) + born in Canada (0=
no/1= yes). Dashed lines indicate a 95% CI of OR including the null value of 1 between the latent factor and asthma. Factor loadings represent the correlation between the variable
and the latent factor after controlling for other factors in the model. Uniqueness represents the unexplained variance attributed to the factors in the model.
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adulthood. Conceptualization of ACEs based on latent factors
provides a valid alternative approach to understand ACE effects
and merits attention in future studies exploring ACEs and their
negative effects on long-term health.

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S2040174419000886
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