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Abstract

Background The association of childhood adversities with mortality has rarely been explored, and even less studied
is the question of whether any excess mortality may be potentially preventable. This study examined the association
between specific childhood adversities and premature and potentially avoidable mortality (PPAM) in adulthood in

a representative sample of the general population. Also, we examined whether the associations were potentially
mediated by various adult socioeconomic, psychosocial, and behavioral factors.

Methods The study used data from the National Population Health Survey (NPHS-1994) linked to the Canadian Vital
Statistics Database (CVSD 1994-2014) available from Statistics Canada. The NPHS interview retrospectively assessed
childhood exposure to prolonged hospitalization, parental divorce, prolonged parental unemployment, prolonged
trauma, parental problematic substance use, physical abuse, and being sent away from home for doing something
wrong. An existing definition of PPAM, consisting of causes of death considered preventable or treatable before

age 75, was used. Competing cause survival models were used to examine the associations of specific childhood
adversities with PPAM in adulthood among respondents aged 18 to 74 years (rounded n=11,035).

Results During the 20-year follow-up, 5.4% of the sample died prematurely of a cause that was considered
potentially avoidable. Childhood adversities had a differential effect on mortality. Physical abuse (age-adjusted sub-
hazard ratio; SHR 1.44; 95% Cl 1.03, 2.00) and being sent away from home (age-adjusted SHR 2.26; 95% Cl 1.43,3.57)
were significantly associated with PPAM. The associations were attenuated when adjusted for adulthood factors,
namely smoking, poor perceived health, depression, low perceived social support, and low income, consistent with
possible mediating effects. Other adversities under study were not associated with PPAM.

Conclusion The findings imply that the psychological sequelae of childhood physical abuse and being sent away
from home and subsequent uptake of adverse health behavior may lead to increased risk of potentially avoidable
mortality. The potential mediators identified offer directions for future research to perform causal mediation analyses
with suitable data and identify interventions aimed at preventing premature mortality due to potentially avoidable
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causes. Other forms of adversities, mostly related to household dysfunction, may not be determinants of the distal

health outcome of mortality.

Keywords Childhood adversities, Potentially avoidable mortality, Premature mortality, Survival models, Lifestyle

factors

Introduction
The childhood adversity literature, based largely on ret-
rospective data, has reported associations between child-
hood adversities such as physical abuse, sexual abuse,
parental divorce, parental psychopathology, and known
mortality risk factors [1, 2]. The wide range of associ-
ated mortality risk factors include health risk behav-
iors (smoking, substance use, physical inactivity) [3,
4], adverse mental health conditions (depression, dis-
tress, self-harm, and suicide) [5, 6], adverse physical
health conditions (cardiovascular diseases, neoplasms,
obesity, asthma) [1, 2] and even adult socioeconomic
deprivation (poor education, employment, income) and
compromised social and learning abilities [4, 7, 8]. This
association suggests that childhood adversities may con-
tribute to premature mortality, and the effects may be
mediated by adulthood psychosocial and lifestyle factors
and mental and physical health status. Identifying these
associations and the mediated pathways from child-
hood adversity to mortality is important to inform future
research as well as policy and practice towards reducing
mortality, for example, through preventive (both primary
and secondary) and health promotion interventions that
generate sustainable population-level health impacts.
Since health care resources are scarce, identifying com-
mon but preventable causes of morbidity or mortality
provides an opportunity to promote population health.
Hence, an overall understanding of the degree to which
childhood adversities affect mortality in ways that could
potentially be prevented or treated with early interven-
tions, commonly referred to as avoidable or amenable
mortality [9, 10], is important. Avoidable mortality
highlights the need for prevention and early interven-
tion and helps reflect the impact of such interventions
and related health care provisions in preventing mortal-
ity [9]. The literature on the association between child-
hood adversities and avoidable mortality is scarce, and
the few existing studies reporting significant associations
also vary in their definition of avoidable premature mor-
tality. Most studies have focused on premature mortality
before age 65 or 75 or even before 50 years [7, 11-13],
but these examined all-cause mortality. Some others have
incorporated specific causes of death but focused only
on the leading causes of death, such as cardiovascular
conditions, neoplasms, and respiratory conditions [14],
which may include potentially unavoidable deaths as well.
There is no universal definition of avoidable mortality in
terms of age cut-off and diseases included. The Canadian

Institute of Health Information (CIHI) has defined
potentially avoidable mortality as “premature deaths that
could potentially have been avoided through all levels of
prevention (primary, secondary, tertiary)” [15], where
premature death refers to the death that occurs before
age 75 and the avoidable mortality component includes
both preventable deaths and treatable deaths [16, 17].
By way of illustration, vaccine-preventable diseases are
included in the list due to their preventability whereas
hypertensive diseases are included due to their treatabil-
ity. Based on the CIHI definition, potentially avoidable
mortality before age 75 will be referred to as “premature
and potentially avoidable mortality” and abbreviated as
PPAM from this point forward in the paper.

PPAM has been consistently reported to be associ-
ated with socioeconomic deprivation [10, 16, 18]. Fur-
thermore, childhood adversity has been reported to be
associated with family socioeconomic status in child-
hood and one’s socioeconomic status in adulthood [8,
19]. Moreover, studies have reported a variety of ways
childhood adversities negatively impact access and uti-
lization of health services. For instance, low utilization
of preventive and early intervention services, avoid-
ing seeking health services and engaging in risky health
behaviors potentially contribute to mortality [20]. Hence,
the issue of childhood adversity warrants serious con-
sideration regarding its association with PPAM. It is also
important to examine how specific childhood adversities
affect PPAM in adulthood [4, 21], which may help health
service providers to assess the adversity with particu-
larly high risk for adverse health and mortality and tailor
interventions accordingly.

Hence, to address the gaps identified in the literature
and to produce detailed epidemiological information
about the problem in the general population, our study
aims to investigate the association between specific child-
hood adversities and premature and potentially avoid-
able mortality. We hypothesize that specific childhood
adversities would be associated with PPAM and that
these effects would weaken with adjustment for potential
mediators. The recent linkage of a population-based sur-
vey called the National Population Health Survey (NPHS)
with the national death database provides an opportu-
nity to evaluate the hypothesis directly in a nationally
representative sample longitudinally, using an existing
definition of potentially avoidable mortality. Childhood
adversities have been reported to be associated with
various aspects of physical [1, 2], mental [5, 6], and social
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health [4, 7, 8] of adult individuals, which are known risk
factors of mortality. These variables may fall in the causal
pathway between childhood adversities and premature
mortality and may be targets of intervention to break
the chain of events. NPHS measures a wide range of
sociodemographic, lifestyle, and health behavioral factors
enabling the exploration of various potentially mediating
pathways that possibly link childhood adversities to mor-
tality in adulthood.

Hence, the study aims to report the prevalence of child-
hood adversities and PPAM and characterize the associa-
tion between specific childhood adversities and PPAM.

Methods

Data source and study population

This retrospective cohort study used data from the first
cycle of the National Population Health Survey (1994)
linked to the Canadian Vital Statistics Database (1994—
2014), available as (NPHS-T1FF-CVSD) linked master
file from Statistics Canada (data not publicly available)
[22].

NPHS is a longitudinal study of general health status
and health determinants among a nationally represen-
tative cohort of 17,276 Canadian household residents
aged 12 years and above. The cohort was interviewed by
Statistics Canada interviewers every two years, starting
in 1994 until 2011. The NPHS excluded people living in
Indian Reserves and Crown Lands, health institutions,
some remote areas, and full-time Armed Forces mem-
bers, which together account for around 3% of the Cana-
dian population. Data were primarily collected in person
through computer-assisted interviews, and the survey
had an 83.6% response rate (in 1994). The survey used
a complex sampling design, a stratified multistage sam-
pling technique with several sampling frames, leading to
unequal selection probabilities and clustering. Statistics
Canada provided master weights and bootstrapped rep-
licate sampling weights to account for this and to adjust
for attrition during follow-up (suitable adjustments
were built into the strategy for calculating the sampling
weights), which were used to produce valid estimates
and confidence intervals. Details of the survey methodol-
ogy can be found elsewhere [23]. The CVSD records all
deaths and the ICD-9 and 10 codes for causes of death
in Canada each year [22]. The NPHS-CVSD linkage is
available from 1994 to 2014 [24], and additional details of
the linkage are explained elsewhere [25]. Ethical approval
for the studies performing secondary data analysis of the
datasets provided by Statistics Canada is not required
according to Canadian TCPS-2 guidelines.

Target population, study population, and sample size
Based on how childhood adversities were measured, the
sample was restricted to people aged 18 years and above
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in 1994. Those who responded to the questions on child-
hood adversities and consented to share and link their
data with other administrative databases were included
in the final sample. The sample characteristics of those
who did not agree to share/link were similar to those who
agreed to do so (see Supplementary Table S1). Approxi-
mately 84% of the sample aged 18 and above consented
to link/share, and among those, around 92% responded
to childhood adversity questions. The linkage then pro-
duced a cohort of 11,985 respondents probabilistically
linked with 2,615 deaths (these numbers are rounded to
a base of 5 according to Statistics Canada data release
guidelines). For the analysis of PPAM defined accord-
ing to CIHI, the sample was restricted to those aged 18
to 74 years of age (n=11,035) which was linked with 655
premature deaths due to potentially avoidable causes
and 280 premature deaths due to potentially unavoidable
causes before age 75, during the follow-up. The process
of final sample size acquisition is illustrated in Fig. 1.

Measures

Exposures

The exposures of interest were childhood adversities. In
the NPHS, childhood adversities were assessed through
responses to a series of binary response questions, asking
about the history of exposure to the events, namely pro-
longed hospitalization, parental divorce, lengthy parental
unemployment, having been “sent away from home for
doing something wrong,” parental substance use, pro-
longed trauma, and physical abuse. All these items were
queued to events that happened to them while they were
children or teenagers before moving out of the house.
The questions were: “Did you spend two weeks or more
in the hospital?” “Did your parents get a divorce?* “Did
your father or mother not have a job for a long time when
they wanted to be working?“ “Did something happen
that scared you so much you thought about it for years
after?” “Were you sent away from home because you did
something wrong?”“ “Did either of your parents drink or
use drugs so often that it caused problems for the fam-
ily?“ " Were you ever physically abused by someone close
to you?” [23]. These seven adversity items, included in the
Childhood and Adult Stressors module in NPHS, were
originally derived from the pool of childhood adversi-
ties used in prior studies conducted by Blair Wheaton et
al. [5, 23]. The authors have mentioned ongoing work on
validation of the survey items. However, the results have
not been published yet (to our knowledge) [5]. The full
operational definitions for the childhood adversity items
included in the NPHS survey are neither available in the
NPHS user guide nor in the Wheaton et al. articles [5,
23].
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NPHS 1994
Overall sample aged 12 years and above
N=17,275

4

NPHS 1994
Sample aged 18 years and above
N=14,115

) 4

NPHS 1994
Sample aged 18 and above who
agreed to share/link
N=12,790

) 4

NPHS 1994
Sample aged 18 and above who agreed
to share/link and responded to adversity
questions
N=11,985

Number of PPAM before
age 75 identified in CVSD
N= 655
Number of PPAM before
age 75 identified in CVSD
N= 280
Total analysis time for
PPAM: 69120640 person-
days

Sample aged 18 to 74 years
N=11,035
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m—)

NPHS 1994 participants
identified in the CVSD
database
N= 2,615
Censored at record linkage
date
N=9,370

the nearest 5.

* In keeping with Statistics Canada data release guidelines, all estimates are rounded to

Fig. 1 Derivation of study sample from NPHS 1994 linked to CVSD 1994-2014*




Bhattarai et al. BMC Public Health

(2023) 23:2036

Table 1 Overall sample characteristics at baseline (1994)
(unweighted n=11,985; weighted n=19,456,000)

Characteristics

Overall sample
% (95% Cl)

Age in years

Mean (95% Cl)

Females

Non-white

Immigrant

Never married

Not HS graduate

Currently unemployed

Low Household income adequacy
Smoked (past 12 months)

Has any chronic condition
Fair/poor Self-perceived general health
Depressed

Obese

Physically inactive

Distressed

Used alcohol (past 12 months)
Living alone

Restriction of activity

Low/no perceived social support
At least one recent life event

43.88 (43.87,43.88)

5261 (52.58, 52.63)
8.81(8.80, 8.82)

19.15(19.13,19.16)
20.75 (20.73,20.77)
33,55 (33.53,33.57)
44,68 (44.66,44.71)
1849 (18.47,18.51)
3128 (31.26,31.31)
56.38 (56.36, 56.40)
10.83 (10.82, 10.85)
571(5.70,5.72)

12.94(12.92,12.95)
60.92 (60.89, 60.94)
257 (256, 2.58)

79.87 (79.85, 79.89)
1346 (13.45,13.48)
21.19(21.17,21.21)
6.48 (647, 6.49)

3844 (3842, 3847)

Note: The estimates and corresponding Cls were calculated using sampling and
bootstrap weights provided by Statistics Canada

Outcomes
The outcome of interest was premature and potentially
avoidable mortality (PPAM) between 1994 and 2014.

There is no universal definition of potentially avoidable
mortality applied globally [10]. The definition is evolv-
ing and may vary slightly in terms of the list of causes of
death according to different health systems [18, 26, 27]
or based on developed vs. developing countries [28, 29],
leading to some limitation in comparability of results
across the globe [30]. However, since the potentially
avoidable deaths are classified using nationally agreed
definitions, the concept is being used as a national or
regional health system performance indicator in vari-
ous parts of the world, such as Europe, Australia, and
North America [17]. This study used the CIHI definition
of potentially avoidable mortality since the analysis used
the Canadian population-based data, for which the CIHI
definition was developed.

The CVSD provided the International Classification of
Diseases Ninth and Tenth Revision, Canadian Modifica-
tion (ICD-9-CA and ICD-10-CA) codes for the under-
lying cause of death [31]. After linkage with CVSD, a
dichotomous variable for all-cause mortality was cre-
ated. The causes of potentially avoidable death included
selected codes from infections, neoplasms, diseases
of various systems, perinatal causes, intentional and
unintentional injuries, alcohol and drug use disorders,
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nutritional and metabolic disorders, and adverse effects
of medical and surgical care [32]. The definition of poten-
tially avoidable deaths included premature deaths assum-
ing that comorbidities are common among people aged
75 years and above and that assigning a single cause of
death is challenging [15]. This definition of avoidable
mortality was developed based on the Australian Poten-
tially Avoidable Deaths indicator and the UK Office for
National Statistics’ list of causes of avoidable mortal-
ity [15] and is gaining interest in mortality research [10,
17]. A new variable, “premature and potentially avoidable
mortality, was created with categories, namely, avoid-
able premature deaths, unavoidable premature deaths,
and others (non-premature deaths and no death) in the
linked data. The full list of causes of PPAM used to create
the outcome variable in this study as defined by CIHI can
be accessed from the CIHI website (https://www.cihi.ca/
sites/default/files/document/conditions-for-potentially-
avoidable-mortality-and-mortality-from-preventable-
and-treatable-causes-indicators.pdf) [32]. The sample
size, especially the number of events, was insufficient
to examine the association between specific underlying
causes of mortality such as circulatory system causes,
neoplasms, and other conditions. Hence, those analyses
were not performed.

Possible modifying and confounding variables

The covariates were derived from the baseline survey,
i.e, NPHS 1994. Sex was measured using a standard
item (male/female), and age was measured in years.
Other sociodemographic variables included were race
(white vs. non-white) and immigrant status (immigrant
vs. non-immigrant). Based on existing literature that
the association between some childhood adversities and
mortality may be modified based on the level/category
of these variables, sex, race, and immigrant status were
examined as potential effect modifiers in the study [33,
34]. Effect modification is addressed by reporting strati-
fied estimates according to the levels/categories of effect
modifiers identified. Addressing effect modification thus
prevents the hazard ratios from being averaged across
population subgroups/categories of effect modifier in sit-
uations where such averages would not reflect the effect
of the childhood adversities in those subgroups [35].
Information about effect modification is often important
for the formulation of public health policies”

Possible mediating factors

Various psychosocial and behavioral variables measured
using survey questions were examined as potential medi-
ators. The characteristics were recategorized and ana-
lyzed as past 12 months smoking status (smoked vs. not
smoked), alcohol use (used alcohol in past 12 months vs.
no alcohol use), perceived general health (fair-to-poor vs.
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good-to-excellent), obesity according to body mass index
(BMI) cut off of 30 (obese vs. non-obese), predicted prob-
ability of depression measured using Composite Interna-
tional Diagnostic Interview — Short Form (depressed vs.
non-depressed using cut off 0.9 predictive probability for
major depressive episode) [36], distress (distressed vs.
non-distressed using a K6 scale cut off of 13) [37], living
arrangement (living alone vs. living with partner/others)
[38]. A derived variable from a perceived social support
index (0—4) was recategorized based on the cut-off score
of the lowest 25th percentile as no/low social support
(score 0-2) vs. high social support (score 3—4). The index
had four items reflecting the respondents’ perception
about the availability of someone to confide in, someone
to count on, someone to get advice from, and someone to
make them feel loved. The presence of any chronic condi-
tions was included as a dichotomous variable, which was
defined as the presence of at least one of the following
conditions diagnosed by a health professional: arthritis,
asthma, back problems, chronic lung disease, cataracts
or glaucoma, cancer, Crohn’s disease, diabetes, epilepsy,
heart disease, high blood pressure, migraine, stroke,
thyroid disease, and peptic ulcer disease. Exposure to
recent life events was created from an adjusted recent life
events index (score adjusted to imply that the questions
were relevant to all respondents) that measured past year
exposure to physical abuse, unwanted pregnancy, abor-
tion or miscarriage, major financial difficulties, and seri-
ous problems at work or in school.

Adult socioeconomic status included marital status
(never married vs. ever married), educational status (high
school graduate vs. non-graduate), and employment sta-
tus (employed vs. not currently employed at the time of
the baseline interview) [36]. Income adequacy reflects the
household income adjusted for family and community
size groups, categorized as low income-adequacy and
middle to high income-adequacy, closely aligned with the
low-income cut-offs in 1994 [36, 39]. The questionnaire
and the derived variables (and explanation of the scales
and indexes used in measuring the variables) are available
from the Statistics Canada website [23, 36].

Handling of missing data

Around 8% of the eligible NPHS 1994 respondents aged
18 and above who agreed to share/link did not respond
to the childhood adversities questions. Those who did
not respond to the questions were slightly more often
males, but the distribution of other characteristics was
similar to that of the study sample (results not shown).
Furthermore, the specific childhood adversity items in
the study sample had <3% missing values. Hence, a com-
plete case analysis was performed based on the low pro-
portion of missing data [40] and a lack of a discernable
pattern in the missing data. Death registration is a legal
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requirement in Canada [41], and information on death
was obtained from the national death registry. Hence,
although people might have been lost to follow up during
the follow-up years, the information about their death in
Canada will have been virtually complete. Hence, there
were no missing data in the outcome variable.

Statistical analysis

Descriptive statistics

The distribution of baseline sample characteristics
and the proportion of PPAM in the overall sample are
described using percentages and 95% Confidence Inter-
vals (CIs). The prevalence of specific childhood adversi-
ties were also presented as percentages and 95% Cls. All
the reported proportions were weighted and rounded as
per Statistics Canada requirements.

Analytical statistics (longitudinal)

We used Directed Acyclic Graphs (DAGs) to conceptual-
ize and represent the possible causal pathways between
childhood adversities and mortality and guide statisti-
cal modeling in confounding and mediation analysis to
quantify causal effects [42]. Based on the principles of
DAGs and the existing literature, we examined age, sex,
race, and immigrant status as potential modifiers or con-
founders. We examined other socioeconomic, lifestyle,
and health risk factors at baseline (mentioned in the
measures section above) as potential mediators, assum-
ing that they were preceded by childhood adversities
(Supplementary file: Figure S1).

Association between childhood adversities and
PPAM Survival analysis was used to test the study
hypotheses using proportional hazard models. Separate
models were run for the specific childhood adversities.
Proportional hazards (PH) function assumption (each
covariate has a multiplicative effect in the hazard func-
tion that is constant over time) was established for all
study variables, tested using tests and graphs based on the
Schoenfeld residuals [43] for individual childhood adver-
sities, guided mainly by the residual plot, where none of
the childhood adversities demonstrated a substantial
increasing or decreasing trend with analysis time in rela-
tion to the mortality variables under study.

Since premature death by avoidable cause impedes
premature death by another cause and vice versa, com-
peting-risk hazard models were used to examine the
association between specific adversities and PPAM
(competing cause- potentially unavoidable mortality).
The competing risk survival models are more informa-
tive than the traditional survival analyses in this case.
The competing risk models yield both magnitude and
direction for the survival outcomes while incorporating
the marginal probability of an event in the presence of
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competing events, whereas the traditional survival analy-
ses such as log-rank tests only identify whether there is
a difference in survival between the groups being com-
pared. [44]. Other methods such as Kaplan Meier meth-
ods are not equipped to analyze the marginal probability
for competing events since they assume that the compet-
ing events are independent [44, 45]. The estimates are
reported as sub-distribution hazard ratios (SHRs) and
95% CIs. SHR represents the ratio of the instantaneous
risk of mortality among at-risk individuals with exposure
to the instantaneous risk of mortality among at-risk indi-
viduals without exposure. The individuals are retained
in the at-risk pool if they have not yet experienced the
primary outcome (potentially avoidable mortality in our
case) [46]. The time-to-death was calculated as follows:

+ For those who died prematurely with the avoidable
cause of death: duration between interview date and
date of avoidable death.

+ For those who died prematurely with an unavoidable
cause of death: duration between interview date and
date of unavoidable death.

+ For those who turned 75 years old during the
follow-up (irrespective of mortality status): the
duration between the interview date and the date
when they turned 75; in other words, they were
censored at age 75.

+ For those who did not die until the end of follow up
and did not turn 75 years yet: the duration between
the interview date and the record linkage date
(December 31, 2014) i.e., they were censored at end
of follow-up period.

Age was significantly associated with childhood adver-
sities and mortality variables and demonstrated a con-
founding effect in the association between the specific
adversities and mortality variables. Hence, further
examination of modification and confounding by covari-
ates was performed using age-adjusted models. Effect
modification was examined by including interaction
terms between exposures and sex, race, and immigra-
tion status in the models. Modification by the covari-
ates was considered present when the interaction terms
were significant (Wald test p-value<0.05) and if there
were meaningful differences in the stratum-specific esti-
mates. If there was evidence of effect modification, strati-
fied estimates were reported. Those variables which did
not display effect modification were assessed for their
confounding effect, established by a relative difference
of 10% or more between unadjusted and adjusted esti-
mates [47]. Adjusted estimates were reported if evidence
of confounding was found in the relationship by any of
the covariates. Additionally, an inclusive model with all
adversities included was also run to examine their effects
simultaneously.
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Assessment of potential mediation The bivariate asso-
ciation between the possible mediating variables and
PPAM was examined using the competing risk survival
models. Also, the association between specific childhood
adversities and the possible mediating variables was exam-
ined using logistic regression. Then only those variables
which were associated with both mortality and childhood
adversity were further assessed as potential mediators.
For the mediation assessment, for the associations found
significant (between childhood adversities and mortality),
we further examined multivariable models adjusted for
each possible mediator variable separately, one at a time.
If the associations weakened or lost significance with the
adjustments, we interpreted this as potential mediation
of the association between specific childhood adversities
and mortality outcomes under study based, conceptually
but not statistically, on Baron and Kenny’s approach [22,
48].

Data organization and analysis were performed at the
Prairie Regional Data Centre (RDC) at the University
of Calgary. All analyses were performed in the statisti-
cal analysis software STATA version 16 [49]. The sam-
pling weights, recommended and provided by Statistics
Canada were applied during estimation of proportions
and SHRs to address the unequal selection probabilities
inherent to the study design. The variance estimation
procedure, based on replicate bootstrap weights (500
iterations), recommended, and provided by Statistics
Canada, was used (as appropriate) during estimation to
account for design effects arising from the survey’s com-
plex sampling procedures, unequal selection probabili-
ties, weighting adjustments, and clustering. However, the
variance estimation procedure, based on replicate boot-
strap weights, recommended by Statistics Canada could
not be applied in the competing risk models, and hence
the CIs may not be fully adjusted for clustering in the
sampling design.

Results

During the 20-year follow-up period, 17.79% (95% CI
17.78, 17.81) of the respondents died. Those deaths com-
prised 5.75% due to circulatory system causes, 5.87% due
to neoplasms, and 6.19% due to other causes. Those who
died during the follow-up were mostly males (51.79%)
and older people (mean age 64.34 years at the baseline
timepoint). Among those aged 18 to 74 years at baseline
(n=11,035), 655 respondents (5.39%; 95% CI 5.38,5.40)
died due to premature and potentially avoidable causes
before age 75, 280 respondents (2.22%; 95% CI 2.21,2.23)
died by premature and potentially non-avoidable causes
and remaining 92.38% either died after age 75 or did not
die during the follow-up. For other sample descriptive in
the overall study sample (n=11,985), refer to Table 1.
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Table 2 Prevalence of childhood adversities in the study sample and the association of specific adversities with PPAM (unweighted

n=11,985; weighted n=19,456,000)
Childhood adversities Categories Prevalence of adversities Age-adjusted
% (95% Cl) association
with PPAM
SHR (95% Cl)
Prolonged hospitalization yes 16.31(16.30, 16.33) 1.18(0.93,1.51)
no 83.69 (83.67,83.70) Reference
Parental divorce yes 1140(11.39,1141) 1.05 (0.74,1.50)
no 88.60 (88.59,88.61) Reference
Prolonged parental unemployment yes 13.39(13.38,13.41) 1.03(0.78,1.37)
no 86.11 (86.10, 86.13) Reference
Prolonged trauma yes 21.88(21.86,21.90) 1.08 (0.85,1.36)
no 78.12(78.10,78.14) Reference
Parental problematic substance use yes 14.73 (14.71,14.74) 1.03(0.78,1.37)
no 85.27 (85.26, 85.29) Reference
Physical abuse yes 7.63(762,7.64) 1.44(1.03,2.00)
no 9237 (92.36,92.38) Reference
Being sent away yes 2.51(2.50,2.52) 226 (1.43,3.57)
no 97.50 (97.49, 97.50) Reference

Table 3 Association of physical abuse and being sent away with the possible mediators and the association of the possible mediators

with age adjusted PPAM

Physical abuse

Being sent away from home

Potential mediators Age adjusted OR (95% Cl) of the  Age adjusted OR (95% Cl) of the Age adjusted
potential mediator potential mediator SHR (95% ClI)
of PPAM
Smoking 2.13(1.80,2.52) 248(1 86,3.31) 2.96 (2.43,3.62)
Poor perceived health 2.81(2.21,3.56) 61(1.83,3.71) 2. 33( 87-2.90)
Restriction of activity 3.15(2.61,3.81) 3. 19(2 32,/4.38) 94 (1.58,2.39)
Low education 1.82(1.50,2.21) 3.30(241451) 1. 4(1 34,2.02)
Low income 2.23(1.85,2.70) 217 (161,293) 1.49 (1.20,1.86)
Chronic condition 2.51(2.09,3.02) 1(1.56,2.84) 139(1.11,1.74)
Obesity 142 (1.12,1.79) 1.56 (1.22,1.99)
Depression 4.77 (3.78,6.04) 3,66 (2.52,5.32) 1.91(1.36,2 66)
Distress 4.19(3.04,5.77) 3.28(2.03,5.29) 1.96 (1.26,3.03)
Low/no social support 2.69(2.08,3.47) 2.53(1.70,3.79) 1.46 (1.06,2.01)
Living arrangement (living alone) 1.83(1.52,2.21) 1.49(1.02,2.18) 1.32(1.06,1.65)

Prevalence of childhood adversities and their association
with PPAM

The most frequently reported childhood adversity was
prolonged trauma (21.88%) and being sent away from
home for wrongdoing (2.51%) was the least reported
adversity (Table 2). Table 2 also presents the association
between specific childhood adversities and age adjusted
PPAM.Sex, race, and immigrant status neither modified
nor confounded the age-adjusted associations (result not
shown). The age-adjusted association between physi-
cal abuse in childhood and PPAM was statistically sig-
nificant (age-adjusted HR 1.44; 95% CI 1.03,2.00). The
age-adjusted association between being sent away for
wrongdoing in childhood and PPAM was also statistically
significant (age-adjusted SHR 2.26; 95% CI 1.43,3.57). The
associations for other childhood adversities with PPAM
failed to reach statistical significance. The association of

physical abuse (age adjusted SHR 1.37; 95% CI 1.04, 1.96)
and being sent away from home (age adjusted SHR 2.11;
95% CI 1.32,3.39) with PPAM remained significant when
adjusted for all the childhood adversities under study.

Assessment of potential mediation

The association of the childhood adversities with adult-
hood variables and the association of those variables with
age adjusted PPAM are presented in Supplementary file:
Tables S2 and S3.

Assessment of mediation was pursued for physi-
cal abuse and being sent away from home only, as they
were associated with age adjusted PPAM. Physical abuse
and being sent away were significantly associated with
most of the possible mediating variables associated with
PPAM. Table 3 incudes the potential mediators which are
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associated with the childhood adversity and PPAM both
and illustrates their association with childhood adversi-
ties and PPAM.

To assess mediation, the separate associations of being
sent away and physical abuse with age adjusted PPAM
were adjusted for the variables associated with both
exposure and outcome (one variable at a time) (Table 4).
It was found that the association of being sent away was
attenuated when adjusted separately for current smoking
status, perceived poor health, and restriction of activity
(SHRs highlighted in bold), suggesting potential media-
tion by each of these factors. Also, there was evidence of
potential mediation in the association of physical abuse
and PPAM by current smoking status, perceived poor
health, restriction of activity, low education, low income,
chronic conditions, obesity, depression, distress, and low
perceived social support.

Discussion

To our knowledge, this is the first study to examine the
association between specific childhood adversities (both
childhood abuse and family dysfunction) and premature
and potentially avoidable mortality longitudinally in the
general population. The study found some evidence sup-
porting the hypothesis for physical abuse and being sent
away from family for wrongdoing, each of which signifi-
cantly increased the risk of PPAM. The associations were
attenuated when adjusted for adulthood socioeconomic
status, lifestyle and behavioral factors, and physical and
mental health status. However, most of the other types
of childhood adversities were not associated with PPAM
at all. Like previous studies, the association between
the childhood adversities and mortality remained
with adjustment for other sociodemographic variables
[50-52].
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An important finding is the significant associa-
tion between physical abuse and being sent away from
home for wrongdoing with PPAM. Various studies have
reported that childhood maltreatment can lead to bio-
logical changes such as adverse effects on neurodevel-
opment, abnormally increased stress reactivity, immune
dysregulation, and epigenetic changes. These neurobio-
logical changes may increase illness and infection suscep-
tibility and cause an exaggerated inflammatory response,
which may increase the risk of morbidity and mortality
[53, 54]. Not many studies have examined potentially
avoidable deaths, limiting our ability to compare find-
ings. However, some studies have examined premature
all-cause mortality and reported a significant association
with childhood physical abuse [52, 55]. Other studies that
have reported a non-significant association of physical
abuse with mortality have used a different approach than
this study i.e., grouped abuse categories and measured
mortality in young adulthood [56]. Being sent away from
home is a specific type of adversity that has not been
studied separately by many prior studies, limiting our
ability to compare findings related to mortality. Wheaton
et al. have reported that being sent away from home had
a significant association with the onset of psychological
disorders [5]. Some other studies have included being
sent away as one of the items contributing to the cumu-
lative score of childhood adversities and have reported
associations with poor later life health outcomes such as
mental health and cognition [57, 58]. The context around
being sent away from home for wrongdoing is not clari-
fied by our data sources. However, the association of
being sent away with both all-cause and PPAM suggests
that it is an adversity with longstanding influence, and
its independent effect on various aspects of adult health
(not only mental health) needs to be explored further.
The associations of physical abuse and being sent away

Table 4 Association between age adjusted PPAM and physical abuse and being sent away further adjusted for each of the potential

mediators

Potential mediators

SHR (95% Cl) adjusted for age and potential mediator each
For physical abuse

For being sent away

Smoking

Poor perceived health
Restriction of activity
Low education

Low income

Chronic condition
Obesity

Depression

Distress

Low/no social support
Living arrangement (living alone)

1.26 (0.90,1.77)
1.26 (0.90,1.75)
1.24(0.88,1.73)

1.97 (1.24,3.14)
2.02(1.28,3.18)
1.96 (1.24,3.09)

1.36 (0.97,1.90) 2.05(1.283.27)
1.37(0.98,1.92) 2.13(1.353.34)
1.36 (0.97,1.89) 2.17(1.38342)
1.39(0.99,1.95)

1.33(0.94,1.86) 2.07(1.30,3.30)
1.38(0.99,1.92) 2.14(1.36,3.37)
1.37(0.98,1.91) 2.08(1.30,3.35)
1.41(1.01,1.96) 2.25(142,3.54)

Age adjusted SHR for physical abuse and PPAM (model did not include any potential mediator): 1.44 (95% Cl 1.03,2.00)
Age adjusted SHR for being sent away and PPAM (model did not include any potential mediator): 2.26 (95% Cl 1.43,3.57)
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from home remained significant when adjusted for other
childhood adversities, which suggests that the effect on
PPAM is attributable to these specific adversities and is
not merely confounded by the presence of other child-
hood adversities, as these may cluster together. However,
future studies should aim to examine the unique effects
of a wider range of cumulative, clustered, and specific
childhood adversities on PPAM.

Another important finding is the evidence of potential
mediation in the association of childhood physical abuse
and being sent away with PPAM by various adulthood
socioeconomic factors, lifestyle factors, and physical
and mental morbidities. This finding supports the idea
that some adversities are associated with mortality due
to later effects on physical, mental, and social health. A
mediated pathway could be explained by prolonged stress
sensitization coupled with maladaptive coping mecha-
nisms leading to adulthood socioeconomic deprivation,
health risk behaviors, and morbidity leading to mortality,
which has also been reported by various existing studies
[4, 19, 52, 59]. Identifying the potential mediating vari-
ables from this study provides insight into the pathways
potentially linking childhood adversities with longstand-
ing adverse effects to the elevated mortality risk. The
findings may thus help guide the testing and develop-
ment of interventions such as enhancing social support
and socioeconomic status, lifestyle modifications, early
detection, and treatment of morbidities, aiming to reduce
inequalities in mortality [14, 52, 60].

Potentially avoidable mortality, which represents
around 70% of the deaths before age 75 in Canada [10],
are the deaths that could have been avoided if effective
prevention and promotion and early and adequate health
care provisions and lifestyle improvement had been
ascertained [9, 10]. The identification of association of
specific childhood adversities with PPAM and mediation
by adulthood health-related factors indicates that many
of these risk factors are within the control of the health
system (potentially through improvement in health sys-
tem performance and quality of care) [63]. Also, sub-
optimal uptake of preventive health care services such
as cancer screening, contraceptives use, and having a
personal health care provider has been reported among
those exposed to childhood adversities [20, 64, 65]. These
factors may contribute to potentially avoidable mortality.
Hence, future studies should be carried out to examine
the barriers to access and delivery of quality and effective
health services among people with a history of childhood
adversities to prevent PPAM.

A consistent mortality risk pattern was not observed
across the adversity categories. The non-significant asso-
ciation between some other childhood adversities and
the risk of PPAM also draws our attention. The childhood
adversities under study were significantly associated with
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most of the adulthood lifestyle and psychosocial factors
under study, such as smoking, chronic conditions, poor
perceived health, depression, distress, obesity, poor per-
ceived social support, low education, low income in adult
life. These proximal outcomes have been reported to be
associated with childhood adversities and mortality in
various previous studies [1, 2, 8, 14, 51, 58, 66, 67]. How-
ever, based on our findings, other childhood adversities
such as parental substance use, parental unemployment,
and prolonged hospitalization were not strong determi-
nants of mortality, as hypothesized. This finding suggests
that some childhood adversities may be more influential
than others in establishing negative health trajectories.
Mortality is a distal event, and childhood adversities are
remote factors. Hence, the effects of some types of child-
hood adversities may decline over each step of a medi-
ated causal pathway through resilient coping [68], as
some people may adapt to or overcome the stress related
to adversities as time passes. This suggests that child-
hood adversities may not, mechanistically, or determin-
istically, set in motion a chain of events with predictable
ends. Also, the adverse effects of some childhood adversi-
ties may get weaker as time passes [69, 70]. Many stud-
ies have failed to identify this differential effect based on
types of adversity possibly because they used a cumula-
tive score of adversities that includes both severe and less
severe forms [7, 14, 71], and the severe ones may have
contributed to the overall effect.

This study has several strengths. The major strength
lies in examining the specific effects of childhood adver-
sities on potentially avoidable mortality in a large repre-
sentative sample of the general population longitudinally
with a 20-year follow-up period. The use of both prema-
ture death and preventable and treatable causes of death
in defining PPAM provides useful information to inform
future research and public health policies aimed at pre-
vention of early mortality. The study is based on a robust
theoretical background on how childhood adversities
lead to various socioeconomic, physiological, and psy-
chological difficulties resulting in increased mortality [1,
2]. Mortality was followed prospectively through linkage
with CVSD; none of the respondents were lost to follow-
up. The objective measure of mortality reduces the risk of
misclassification of the outcome instead of more subjec-
tive measurements such as the self-reported mortality of
family members or siblings. The study measured several
childhood adversities (both child abuse and household
dysfunction and deprivation) and a wide range of possible
mediators across the life course in adulthood, enabling
better characterization of the association between child-
hood adversities and mortality.

This study has some limitations to consider. The child-
hood adversities were measured retrospectively and
might have been under-reported due to the sensitive
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nature of adversities, instability of self-reports over time,
reframing the events as less severe, all of which may bias
the estimates towards the null. However, these biases are
likely to be minor, especially when the outcome is objec-
tively measured [72, 73]. NPHS was a general health sur-
vey, and often the key variables measured were either
non-validated or partially validated [74]. The childhood
adversity questions were derived from the pool of items
used in the studies conducted by Blair Wheaton [75] and
were not validated. However, Statistics Canada performs
field testing of the survey items, which provides cred-
ibility to the adversity items included. The childhood
adversity questionnaire was brief and did not cover all
the other severe childhood adversities, such as sexual
abuse, emotional abuse, and neglect, which might have a
more significant effect on mortality risk. In addition, to
characterize the effect of childhood adversities on mor-
tality in a greater depth and breadth, the study should be
replicated with a more comprehensive measurement of
childhood adversities, such as peer victimization, neigh-
borhood safety, and socioeconomic disadvantage in
childhood [76]. Mediation cannot be established deter-
ministically in this study because the temporality of many
of the variables examined was not fully clarified in the
data in relation to childhood adversities. A formal analy-
sis of mediation through statistical tests could not be per-
formed in the study due to heterogeneity in the modelling
strategies used to calculate the two sets of coefficients in
the possible causal chain. The association between child-
hood adversities and possible mediator was estimated
using logistic regression whereas that between the possi-
ble mediator and PPAM was estimated using competing
risk survival model. Also, in a formal mediation analysis,
under Baron and Kenny’s approach, a variety of statistical
assumptions as well as temporal clarity are required to
ascertain the mediation effects. However, the finding of
potential mediation in this study and the existing litera-
ture suggests additional opportunities for future research
with longitudinal data on potential mediators.

The study did not identify multiplicative interactions
between childhood adversities and covariates such as
sex and race; however, it is plausible that they may inter-
act on an additive scale despite the lack of multiplicative
interactions. An additive interaction would suggest a
synergistic effect of childhood adversities and the vari-
ables such as sex, race on mortality, suggesting a shared
causal mechanism towards mortality [74]. This possibil-
ity should be explored in future studies. Future studies
should also examine the patterns of interaction in the
additive scale to better identify etiologically meaningful
interactions and the targets for intervention. The defini-
tion of PPAM may vary across nations or regions as the
causes of death that are considered preventable may dif-
fer across them. Also, it was not feasible for us to perform
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a detailed sensitivity analysis with various operationaliza-
tions of PPAM because the linked data used in the anal-
ysis have strict residual vetting rules, such that strongly
overlapping estimates cannot generally be released.
Hence, we recommend that future studies look at the
effect of using different definitions of PPAM to support
the eventual emergence of a common definition.

Conclusion

The study expanded on the existing literature by exam-
ining the separate effect of various childhood adversities
on PPAM. The results suggested that childhood adversi-
ties are common and have a differential effect on mor-
tality. Exposure to childhood physical abuse and being
sent away from home may lead to an increased risk of
mortality, especially premature mortality that is poten-
tially avoidable through effective primary, secondary,
and tertiary prevention [16, 17, 20, 64, 65]. Some other
forms of childhood adversities, mostly related to house-
hold dysfunction, may not have a strong enough effect on
mortality but have a detrimental effect on more proximal
outcomes such as adulthood psychosocial and lifestyle
variables. The findings suggest that prevention of child-
hood adversities in the population, followed by relevant
supportive measures among adults living with the trauma
of childhood adversities such as lifestyle modification,
stress management, mental health support and psycho-
therapy, early identification and treatment of chronic
conditions, promotion of social support mechanisms,
and prevention of structural barriers to economic and
other life opportunities [53, 68, 69], may help prevent
PPAM. There is a lack of intervention studies regarding
effective strategies to prevent childhood adversities and
mitigate harms associated with them across schools,
communities, and service levels [69, 77, 78]. The study
findings may inform future intervention studies regard-
ing the potential strategies to support people with lived
experiences of childhood adversities in developing life
skills, promoting holistic health, and preventing poten-
tially avoidable mortality.

Abbreviations

PPAM Premature and potentially avoidable mortality
NPHS National Population Health Survey

CVsSD Canadian Vital Statistics Database

SHR Sub-distribution Hazard Ratio

CIHI Canadian Institute for Health Information

HR Hazard Ratio

a Confidence Interval

TCPS-2  Tri-Council Policy Statement-2

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-023-16935-7.

[ Supplementary Material 1 J



https://doi.org/10.1186/s12889-023-16935-7
https://doi.org/10.1186/s12889-023-16935-7

Bhattarai et al. BMC Public Health (2023) 23:2036

Acknowledgements

The analysis was conducted at the Prairie Regional Data Centre, part of the
Canadian Research Data Centre Network (CRDCN). The services and activities
provided by the CRDCN are made possible by the financial or in-kind
support of the SSHRC, the CIHR, the CFl, Statistics Canada, and participating
universities, whose support is gratefully acknowledged. The views expressed
in this paper do not necessarily represent the CRDCN’s or that of its partners.

Authors’ contributions

A.B., S.B.P. conceived and designed the study, guided by discussions with
G.D, S.CT,and AGMB. Data management, data analysis, and interpretation
of results, and drafting of the manuscript was performed by A B, guided
and supervised by S.B.P. All authors provided intellectual content to the
study, assisted with preparing this manuscript by providing conceptual and
analytical inputs and read and approved the final draft.

Funding

S.BP holds the Cuthbertson and Fischer Chair in Pediatric Mental Health. AB.
is supported by a PhD studentship from Alberta Innovates Health Solutions
(AIHS) and the Cuthbertson and Fischer Chair in Pediatric Mental Health. The
funding agencies had no role in the design of the study, data acquisition,
analysis, interpretation of data, and writing of the manuscript.

Data Availability

The data used in this study are not publicly available. The data can be
accessed through Statistics Canada upon approval of a formal data access
application. Information about how to access the data is available here:
https://www.statcan.gc.ca/eng/microdata/data-centres/access.

Declarations

Ethics approval and consent to participate

Under Canadian tri-council guidelines (TCPS-2), data governed under
specific legislation (as was the case here) do not require additional ethical
review. Informed consent was obtained from all subjects and/or their legal
guardian(s) for participation and data sharing at data collection by Statistics
Canada. All methods were carried out in accordance with relevant guidelines
and regulations (Declaration of Helsinki). All experimental protocols were
approved by University of Calgary and the study was conducted under the
institution’s research protocols and procedures.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Community Health Sciences, Cumming School of
Medicine, University of Calgary, 3280 Hospital Drive NW, Calgary, AB,
Canada

2Mathison Centre for Mental Health Research and Education, University of
Calgary, 3280 Hospital Drive NW, Calgary, AB, Canada

3Faculty of Social Work, University of Calgary, 2500 University Dr NW,
Calgary, ABT2N 1N4, Canada

“Department of Psychiatry, Cumming School of Medicine, University of
Calgary, 2500 University Dr NW, Calgary, ABT2N 1N4, Canada
°Department of Pediatrics, Cumming School of Medicine, University of
Calgary, 2500 University Dr NW, Calgary, ABT2N 1N4, Canada

Received: 21 June 2022 / Accepted: 8 October 2023
Published online: 18 October 2023

References

1. FelittiVJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al.
Relationship of childhood abuse and household dysfunction to many of the
leading causes of death in adults. The adverse childhood experiences (ACE)
study. Am J Prev Med. 1998;14(4):245-58.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

Page 12 of 13

Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton C, et al. The
effect of multiple adverse childhood experiences on health: a systematic
review and meta-analysis. The Lancet Public Health. 2017,2(8):e356-e66.

Lee C, Ryff CD. Pathways linking combinations of early-life adversities to adult
mortality: tales that vary by gender. Soc Sci Med. 2019;240:112566.

Sheikh MA, Abelsen B, Olsen JA. Clarifying associations between childhood
adversity, social support, behavioral factors, and mental health, health, and
well-being in adulthood: a population-based study. Front Psychol. 2016;7:727.
Wheaton B, Roszell P, Hall K. The impact of twenty childhood and adult
traumatic stressors on the risk of psychiatric disorder. 1997.

Hughes K, Lowey H, Quigg Z, Bellis MA. Relationships between adverse
childhood experiences and adult mental well-being: results from an English
national household survey. BMC Public Health. 2016;16(1):222.

Kelly-Irving M, Lepage B, Dedieu D, Bartley M, Blane D, Grosclaude P, et al.
Adverse childhood experiences and premature all-cause mortality. Eur J
Epidemiol. 2013,28(9):721-34.

Metzler M, Merrick MT, Klevens J, Ports KA, Ford DC. Adverse childhood
experiences and life opportunities: shifting the narrative. Child Youth Serv
Rev.2017;72:141-9.

Walsh M, Grey C. The contribution of avoidable mortality to the life expec-
tancy gap in Maori and Pacific populations in New Zealand-a decomposition
analysis. N Z Med J. 2019;132(1492):46-60.

Park J, Tiepkema M, Goedhuis N, Pennock J. Avoidable mortality among First
Nations adults in Canada: a cohort analysis. Statistics Canada; 2015.

Brown DW, Anda RF, Tiemeier H, Felitti VJ, Edwards VJ, Croft JB, et al. Adverse
childhood experiences and the risk of premature mortality. Am J Prev Med.
2009;37(5):389-96.

Anda RF, Dong M, Brown DW, Felitti VJ, Giles WH, Perry GS, et al. The relation-
ship of adverse childhood experiences to a history of premature death of
family members. BMC Public Health. 2009;9(1):1-10.

Jackisch J, Brannstrom L, Aimquist YB. Troubled childhoods cast long shad-
ows: Childhood adversity and premature all-cause mortality in a Swedish
cohort. SSM-Population Health. 2019;9:100506.

Grummitt LR, Kreski NT, Kim SG, Platt J, Keyes KM, MclLaughlin KA. Association
of childhood adversity with morbidity and mortality in US adults: a system-
atic review. JAMA Pediatr. 2021.

Canadian Institution for Health Information (CIHI). Avoidable Deaths. 2021.
Costa C, Freitas A, Almendra R, Santana P. The association between material
deprivation and avoidable mortality in Lisbon, Portugal. Int J Environ Res
Public Health. 2020;17(22):8517.

Subedi R, Greenberg TL, Roshanafshar S. Does geography matter in mortality?
An analysis of potentially avoidable mortality by remoteness index in Canada.
Health Rep. 2019;30(5):3-15.

Pi L, Gauvin F-P, Lavis JN. Issue Brief: Building Momentum in Using the Avoid-
able Mortality Indicator in Canada. 2013.

Mock SE, Arai SM. Childhood trauma and chronic lliness in adulthood: mental
health and socioeconomic status as explanatory factors and buffers. Front
Psychol. 2011;1:246.

Alcald HE, Valdez-Dadia A, von Ehrenstein OS. Adverse childhood experiences
and access and utilization of health care. J Public Health. 2018;40(4):684-92.
McLaughlin KA, Sheridan MA. Beyond cumulative risk: a dimensional
approach to childhood adversity. Curr Dir Psychol Sci. 2016;25(4):239-45.
Patten SB, Williams JV, Lavorato D, Wang JL, Khaled S, Bulloch AG. Mortality
associated with major depression in a Canadian community cohort. Can J
Psychiatry. 2011,56(11):658-66.

Statistics Canada. National Population Health Survey: Household Compo-
nent, Longitudinal (NPHS). Statistics Canda. 2012.

Statistics Canada. Approved microdata linkages. 2021.

Hamilton E. Providing context for understanding: insight from Research on
Two Canadian Health Surveys. IASSIST Q. 2006;29(2):17.

Weber A, Clerc M. Deaths amenable to health care: converging trends in the
EU? Health Policy. 2017;121(6):644-52.

Lavergne R, McGrail K. Amenable (or avoidable) mortality as an indica-

tor of health system effectiveness. Healthc Policy = Politiques de sante.
2014;10(1):8-9.

Stevens G, Mathers C. Avoidable mortality—a tool for policy evaluation in
developing countries? Oxford University Press; 2010. pp. 241-2.

Westerling R, Commentary. Evaluating avoidable mortality in develop-

ing countries—An important issue for public health. Int J Epidemiol.
2001,;30(5):973-5.

OECD/Eurostat. Avoidable mortality: OECD/Eurostat lists of preventable and
treatable causes of death (November 2019 version). 2019.


https://www.statcan.gc.ca/eng/microdata/data-centres/access

Bhattarai et al. BMC Public Health

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

(2023) 23:2036

Adhikari K, Metcalfe A, Bulloch AG, Williams JV, Patten SB. Mental disorders
and subsequent Suicide events in a representative community population. J
Affect Disord. 2020,277:456-62.

Canadian Institute for Health Information (CIHI). Indicator Library. List of Con-
ditions for Potentially Avoidable Mortality and Mortality From Preventable
and Treatable Causes Indicators. 2018.

Cronholm PF, Forke CM, Wade R, Bair-Merritt MH, Davis M, Harkins-Schwarz
M, et al. Adverse childhood experiences: expanding the concept of adversity.
Am J Prev Med. 2015;49(3):354-61.

Slopen N, Shonkoff JP, Albert MA, Yoshikawa H, Jacobs A, Stoltz R, et al. Racial
disparities in child adversity in the US: interactions with family immigration
history and income. Am J Prev Med. 2016;50(1):47-56.

Corraini P, Olsen M, Pedersen L, Dekkers OM, Vandenbroucke JP. Effect modi-
fication, interaction and mediation: an overview of theoretical insights for
clinical investigators. Clin Epidemiol. 2017:331-8.

Statistics Canada. Statistics Canada. Statistics Canada National Population
Health Survey Household Component. Documentation for the derived
variables and the constant longitudinal variables (specifications). Cycles 1 to
7 (1994/1995 to 2006/2007). 2007.

Ferro MA. The psychometric properties of the Kessler Psychological Distress
Scale (K6) in an epidemiological sample of Canadian youth. Can J Psychiatry.
2019,64(9).647-57.

ZhaoY, Guyatt G, Gao Y, Hao Q, Abdullah R, Basmaji J et al. Living alone and
all-cause mortality in community-dwelling adults: a systematic review and
meta-analysis. EClinicalMedicine. 2022;54.

Statistics Canada. Low income cut-offs from 1994-2003 and low income
measures 1992-2001. Ottawa: Statistics Canada, Income Statistics Division,
Minister of Industry; 2004.

Dong Y, Peng C-YJ. Principled missing data methods for researchers. Springer-
Plus. 2013:2(1):1-17.

Statistics Canada. Data accuracy Vital Statistics — Death Database. 2020.
Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research.
Epidemiology. 1999:37-48.

Xue X, Xie X, Gunter M, Rohan TE, Wassertheil-Smoller S, Ho GY, et al. Testing
the proportional hazards assumption in case-cohort analysis. BMC Med Res
Methodol. 2013;13(1):1-10.

Barraclough H, Simms L, Govindan R. Biostatistics primer: what a clinician
ought to know: hazard ratios. J Thorac Oncol. 2011;6(6):978-82.

Zhang Z. Survival analysis in the presence of competing risks. Annals of Trans-
lational Medicine. 2017;5(3).

Feakins BG, McFadden EC, Farmer AJ, Stevens RJ. Standard and compet-

ing risk analysis of the effect of alouminuria on cardiovascular and cancer
mortality in patients with type 2 Diabetes Mellitus. Diagn Prognostic Res.
2018;2(1):1-9.

Lee PH. Is a cutoff of 10% appropriate for the change-in-estimate criterion of
confounder identification? J Epidemiol. 2014:JE20130062.

Meule A. Contemporary understanding of mediation testing. Meta-Psychol-
0gy. 2019;3.

StataCorp L. Stata statistical software: release 16. TX: College Station; 2019.
Afifi TO, MacMillan HL, Boyle M, Cheung K, Taillieu T, Turner S, et al. Child
Abuse and physical health in adulthood. Health Rep. 2016;27(3):10.

Johnson J, Chaudieu |, Ritchie K, Scali J, Ancelin M-L, Ryan J. The extent to
which childhood adversity and recent stress influence all-cause mortality risk
in older adults. Psychoneuroendocrinology. 2020;111:104492.

Rogers NT, Power C, Pereira SMP. Child maltreatment, early life socioeco-
nomic disadvantage and all-cause mortality in mid-adulthood: findings from
a prospective British birth cohort. BMJ open. 2021;11(9):e050914.

Herzog JI, Schmahl C. Adverse childhood experiences and the consequences
on neurobiological, psychosocial, and somatic conditions across the lifespan.
Front Psychiatry. 2018:420.

Chen MA, LeRoy AS, Majd M, Chen JY, Brown RL, Christian LM et al. Immune
and Epigenetic Pathways Linking Childhood Adversity and Health across the
Lifespan. Front Psychol. 2021:5550.

Chen E, Turiano NA, Mroczek DK, Miller GE. Association of reports of child-
hood abuse and all-cause mortality rates in women. JAMA Psychiatry.
2016,73(9):920-7.

White HR, Widom CS. Does childhood victimization increase the risk of early
death? A 25-year prospective study. Child Abuse Negl. 2003;27(7):841-53.
Zuelsdorff M, Okonkwo OC, Norton D, Barnes LL, Graham KL, Clark LR, et al.
Stressful life events and racial disparities in cognition among middle-aged
and older adults. J Alzheimers Dis. 2020;73(2):671-82.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 13 of 13

Bekele T, Collins EJ, Maunder RG, Gardner S, Rueda S, Globerman J et al. Child-
hood Adversities and physical and mental health outcomes in adults living
with HIV: findings from the Ontario HIV treatment network cohort study. AIDS
Res Treat. 2018;2018.

Rutters F, Pilz S, Koopman AD, Rauh SP, Te Velde SJ, Stehouwer CD, et al. The
association between psychosocial stress and mortality is mediated by life-
style and chronic Diseases: the Hoorn Study. Soc Sci Med. 2014;118:166-72.
Health TLP. Childhood adversity: a profound determinant of health. 2021. p.
e780.

Robards J, Evandrou M, Falkingham J, Vlachantoni A. Marital status, health
and mortality. Maturitas. 2012;73(4):295-9.

Zueras P, Rutigliano R, Trias-LIimds S. Marital status, living arrangements,

and mortality in middle and older age in Europe. Int J Public Health.
2020,65:627-36.

Kossarova L, Holland W, Mossialos E. Avoidable'mortality: a measure of health
system performance in the Czech Republic and Slovakia between 1971 and
2008. Health Policy Plan. 2013;28(5):508-25.

Alcald HE, Keim-Malpass J, Mitchell E. Colorectal cancer screening and
adverse childhood experiences: which adversities matter? Child Abuse Negl.
2017,69:145-50.

Schweer-Collins M, Lanier P. Health Care Access and Quality among Children
exposed to Adversity: implications for Universal Screening of adverse child-
hood experiences. Matern Child Health J. 2021;25(12):1903-12.

Bellis M, Hughes K, Hardcastle K, Ashton K, Ford K, Quigg Z, et al. The

impact of adverse childhood experiences on health service use across

the life course using a retrospective cohort study. J Health Serv Res Policy.
2017;22(3):168-77.

Cuijpers P, Smit F, Unger F, Stikkelbroek Y, Ten Have M, de Graaf R. The Disease
burden of childhood adversities in adults: a population-based study. Child
Abuse Negl. 2011;35(11):937-45.

Beutel ME, Tibubos AN, Klein EM, Schmutzer G, Reiner |, Kocalevent R-D, et al.
Childhood adversities and distress-the role of resilience in a representative
sample. PLoS ONE. 2017;12(3):e0173826.

Nelson CA, Bhutta ZA, Harris NB, Danese A, Samara M. Adversity in childhood
is linked to mental and physical health throughout life. BMJ. 2020,371.

Ho GW, Chan A, Shevlin M, Karatzias T, Chan P, Leung D. Childhood adversity,
resilience, and mental health: a sequential mixed-methods study of Chinese
young adults. J Interpers Violence. 2021;36(19-20):NP10345-NP70.

Rod NH, Bengtsson J, Budtz-Jergensen E, Clipet-Jensen C, Taylor-Robinson

D, Andersen A-MN, et al. Trajectories of childhood adversity and mortal-

ity in early adulthood: a population-based cohort study. The Lancet.
2020;396(10249):489-97.

Patten S, Wilkes T, Williams J, Lavorato D, El-Guebaly N, Schopflocher D, et al.
Retrospective and prospectively assessed childhood adversity in association
with major depression, alcohol consumption and painful conditions. Epide-
miol Psychiatric Sci. 2015;24(2):158-65.

Reuben A, Moffitt TE, Caspi A, Belsky DW, Harrington H, Schroeder F, et al. Lest
we forget: comparing retrospective and prospective assessments of adverse
childhood experiences in the prediction of adult health. J Child Psychol
Psychiatry. 2016;57(10):1103-12.

Patten SB. Childhood and adult stressors and major depression risk: interpret-
ing interactions with the sufficient-component cause model. Soc Psychiatry
Psychiatr Epidemiol. 2013;48(6):927-33.

Statistics Canada. National population health survey household component
documentation for the derived variables and the constant longitudinal
variables (specifications): cycles 1to 7 (1994/1995 to 2006/2007). 2008.
ARATO, Salmon S, Garcés |, Struck S, Fortier J, Taillieu T, et al. Confirmatory fac-
tor analysis of adverse childhood experiences (ACEs) among a community-
based sample of parents and adolescents. BMC Pediatr. 2020;20(1):1-14.
LorencT, Lester S, Sutcliffe K, Stansfield C, Thomas J. Interventions to support
people exposed to adverse childhood experiences: systematic review of
systematic reviews. BMC Public Health. 2020;20(1):1-10.

Shigekawa E, Chibber KS, Slater T. Strategies to Prevent & Mitigate Childhood
Adversity. 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between childhood adversities and premature and potentially avoidable mortality in adulthood: a population-based study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source and study population
	﻿Target population, study population, and sample size
	﻿Measures
	﻿Exposures
	﻿Outcomes
	﻿Possible modifying and confounding variables
	﻿Possible mediating factors


	﻿Handling of missing data
	﻿Statistical analysis
	﻿Descriptive statistics
	﻿Analytical statistics (longitudinal)
	﻿Association between childhood adversities and PPAM
	﻿Assessment of potential mediation


	﻿Results
	﻿Prevalence of childhood adversities and their association with PPAM

	﻿Discussion
	﻿Conclusion
	﻿References


