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ABSTRACT

We investigated the biological impacts of Indigenous residential school attendance on the adult children of
survivors, operationalized through allostatic load (AL); and the extent to which intergenerational trauma, op-
erationalized through adverse childhood experience (ACE) score, mediated this association. Data were collected
in-person from a university-based sample of Indigenous adults (N = 90, mean age: 28 years) in a mid-sized city
in western Canada between 2015 and 2016. Associations were analyzed in multinominal regression models, with
terciled AL and ACE scores as outcomes. The cross-products of coefficients method was used to test mediation.
Overall, 42.7% and 33.7% reported their mother and father had attended residential school; respectively. In an
adjusted model, maternal, but not paternal, residential school attendance was a risk factor associated with a
moderate increase in AL among her adult children. The strength of this association did not change when the
analysis was limited to mothers who raised their children. Maternal and paternal residential school attendance
were each associated with increased ACE score among adults raised by survivors. However, ACE score did not
explain the association between maternal residential school attendance and offspring AL score in mediational
analyses. The present findings suggest colonial residential school experiences may have become biologically
embedded, passed to subsequent generations, and exhibited through the dysregulation of allostatic systems
among the adult children of maternal residential school survivors. Maternal exposure to residential school in-
fluenced biological dysregulation among her adult children in ways that could not be further exacerbated by her
children's exposure to ACEs. The Canadian Truth and Reconciliation Commission asked governments to ac-
knowledge the impact of residential schools on the current state of Indigenous health. Our findings underline the
importance of this call by demonstrating how the residential school experience may get under the skin to impact
the health of the next generation.

1. Introduction

residential school resulted in the widespread abuse and neglect of many
Indigenous children, yet the biological consequences of this colonial

Internationally, there remains a paucity of published research on
the determinants of health within Indigenous populations, despite wide
ranging health inequalities and lower life expectancy across the ma-
jority of the more than 370 million Indigenous people who live in 90
countries worldwide (Anderson et al., 2016; King, Smith, & Gracey,
2009). This study examines the impact of residential school, a common
social stressor experienced by many Indigenous populations worldwide,
on biological health in the next generation.

Residential schools, also referred to as boarding schools, were a
colonial method of Indigenous assimilation in the United States,
Canada, Australia, New Zealand, and other countries. Attendance at
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practice on survivors and their offspring is not well understood. In
Canada, the objectives of the residential school system, operating from
the 1870s to the 1990s, were to isolate Indigenous children from their
families and assimilate them into settler culture (Sinclair, 2015). In the
present study we examined the biological impacts of residential school
attendance on the adult children of survivors.

The parents of the majority of participants in this study would have
attended residential school between the mid-1940s and the early-
1970s. During these decades, Canada was undergoing unprecedented
economic growth and prosperity, yet there was little change in the
functioning of the residential school system during this time (Truth and
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Reconciliation Commission of Canada, 2015, 2016). Indigenous chil-
dren in the schools remained poorly housed, fed, clothed, and educated
(Truth and Reconciliation Commission of Canada, 2016). There were no
clear education goals for children, with the curriculum set by the
church running each particular school. Church staff and teachers were
poorly trained and not adequately supervised. Indigenous languages,
cultures, and spiritual practices were denigrated and suppressed (Truth
and Reconciliation Commission of Canada, 2016). Physical abuse,
emotional abuse, and hunger were used to control children (Fast &
Vézina, 2010), and the sexual abuse of Indigenous children, by both
male and female staff, was widespread (Milloy, 2006; Mosby, 2013).
Many children were separated from their parents and communities by
long distances that made visits home difficult. Nutritional experiments
sanctioned by the Canadian government and carried out against the will
of Indigenous children between 1942-1952, were designed to take ad-
vantage of widespread malnutrition across the majority of Canadian
residential schools, in order to understand the impacts of starvation on
a child’s body; the findings of which were not used to improve nutrition
for Indigenous children in the schools (Mosby, 2013). When the com-
pulsory attendance of Indigenous children in residential school ended in
1948, it was replaced by the forced placement of children in the schools
by child welfare agencies (Sinclair, 2015). By 1960, the Canadian
government estimated that 50% of Indigenous children in residential
school were placed there for the “best interest of the child”, the inter-
pretation of which was wrought with cultural bias in a system domi-
nated by white, middle class workers, boards of directors, adminis-
trators, lawyers and judges (Kimelman, 1985). Many other families
were given no option but residential school for their children given
some form of school attendance was compulsory in Canada, and no
other schools were made available in their territory. In 1969, the Ca-
nadian government was forced to take over full responsibility for the
schools from the churches due to a federal labor board ruling (Truth
and Reconciliation Commission of Canada, 2016). Over time, the
schools were gradually closed, excluding the few turned over to, and
overhauled by, Indigenous communities in the mid to late 1970s.

To date, most research has examined the psychological impacts of
residential school attendance on the children of survivors, documenting
increased depressive symptoms and suicide ideation and attempts
among the adult children and grandchildren of residential school sur-
vivors (Bombay, Matheson, & Anisman, 2011; Elias et al., 2012;
McQuaid et al., 2017; Bombay, Matheson, & Anisman, 2014). Research
has also documented impacts on the physical health of survivors
(Running Bear et al., 2018). A recent scoping review called for em-
pirical studies that help us develop a clearer understanding of the ae-
tiology of these effects (Wilk, Maltby, & Cooke, 2017). The present
study answers this call by hypothesizing that parental residential school
attendance affects the next generation through two mechanisms:
(1) altered allostatic load among offspring, a marker of biological
dysfunction; and (2) the transmission of intergenerational trauma, a
marker of social dysfunction.

1.1. Residential school attendance and offspring allostatic load

The first objective of this study was to assess if parental residential
school attendance was associated with increased allostatic load score
among the children of survivors. Conceptually, the allostatic load (AL)
framework has been used to describe cumulative, multisystem strain on
the body produced through the elevated activity of physiologic systems
under challenge, and the changes in functioning it can predispose
(McEwen & Stellar, 1993; Seeman, 1997). Allostasis describes the phy-
siological processes that allow the body to achieve stability despite
environmental change and challenge (McEwen, 1998). Allostatic pro-
cesses are coordinated by the neuroendocrine system, particularly the
hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic-
adrenal-medullary (SAM) axis. The primary mediators of allostasis in-
clude epinephrine, norepinephrine, cortisol, dehydroepiandrosterone
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sulfate (DHEA-S), and both pro- and anti-inflammatory cytokines.
These mediators interact and coordinate adaptive regulatory processes
that enable the body to respond appropriately to environmental chal-
lenges. The concept of AL was developed by McEwen (1998) to describe
the physiological dysregulation that can occur from high, unremitting
stress including hypoactive or hyperactive responses to environmental
triggers, an inability to turn off the stress response when it is no longer
needed, and ultimately, primary mediators that chronically deviate
from their normal range. These influence secondary outcomes such as
blood pressure and inflammation, which then go on to influence ter-
tiary outcomes of morbidity and mortality (Beckie, 2012). Thus, high
AL can be characterized to represent multi-system physiologic wear and
tear and dysregulation.

1.2. Residential school attendance and offspring ACE score

Our secondary objectives were, first to assess if parental residential
school attendance was associated with increased intergenerational
trauma, operationalized through ACE scores among children raised by
survivors; and second to determine the extent to which ACEs mediated
potential associations between residential school attendance and off-
spring AL. An adverse childhood experience (ACE) score is a measure of
child emotional, physical and sexual abuse; child emotional and phy-
sical neglect; and mental illness, addiction, divorce, incarceration of a
family member, and domestic violence in a household experienced
before the age of 18. An ACE score typically ranges from zero to 10,
with each type of ACE experienced regardless of frequency, counted as
one point (Felitti et al., 1998). A growing body of research highlights
ACEs as a critical public health issue across populations internationally
(Sacks & Murphey, 2018). Direct links have been found between
childhood trauma, as measured by an ACE score, and adult onset of
chronic disease, mental illness, addiction, and premature death; with
the risk for negative outcomes increasing with the number of ACEs
experienced (Chartier, Walker, & Naimark, 2010; Mersky, Topitzes, &
Reynolds, 2013).

One of the most enduring predictors of parenting behavior in pub-
lished studies is how parents were parented themselves (Knutson, 1995;
Roberts, O’Connor, Dunn, & Golding, 2004; Scaramella, Neppl, Ontai, &
Conger, 2008; Madden et al., 2015; Lomanowska, Boivin, Hertzman, &
Fleming, 2015). Given this research, we would expect that residential
schools have had a profound and negative impact on parenting as it is
well documented that survivors were taught neglectful and abusive
disciplinary practices through observation and direct experience, which
were not part of their traditional cultures (Chansonneuve, 2005;
Lindstrom, et al., 2016). A seminal study published by Felitti et al.
(1998) found adults who had experienced four or more ACEs were at
particularly high risk for mental illness, addiction, disease and death.
Yet it is our opinion, based on evidence published about child experi-
ences within the schools, that the average ACE score of a residential
school survivor is at least six, given the majority report emotional,
physical and sexual abuse by staff and clergy in the schools; emotional
and physical neglect including systemic malnutrition; and forced re-
moval from their families to an institution, which may be akin to the
incarceration of a family member (Sinclair, 2015; Mosby, 2013). Thus,
this study examined the extent to which parental residential school
attendance was associated with ACE score among the children of sur-
vivors.

2. Methods
2.1. Indigenous Advisory Committee

An urban Indigenous Advisory Committee made up of key Elders
and members of the Indigenous community in the Lethbridge area,

located in Treaty 7 territory, was assembled in 2013 as the con-
ceptualization of this project was being developed. The Committee



K. Chief Moon-Riley et al.

worked with the research team to set study priorities and make data
collection decisions. As a group, we determined that in-person data
would be collected from post-secondary students who self-identified as
First Nations, Métis, Inuit or Indigenous generally. Working with the
Committee, it was determined that salivary rather than blood samples
would be taken given blood is a sacred element in many Indigenous
cultures and must be respected in ways that are often incompatible with
scientific research. This belief ties in with Indigenous holistic beliefs
about the body, self, culture and nature. As saliva is also a substance
that comes from the body, a system was put in place in consultation
with the Indigenous Advisory Committee to ensure the wishes of
Indigenous participants were honoured. The consent form provided
participants the option of having their saliva samples returned to them
upon analysis or to have their saliva samples included in an Indigenous
ceremony led by an Elder that returned the samples back to the Earth.

2.2. Sampling

Costs associated with obtaining a random sample were not feasible
given Indigenous peoples represent less than 5% of the population in
this territory. Instead, participants were recruited using posters and ads
placed in e-newsletters on campus at the University of Lethbridge. To
increase generalizability snowball sampling techniques were avoided.
No advertising took place in psychological or health treatment centres.
Participant recruitment and data collection for the present paper began
in September 2015 and ended in April 2016. The final sample used for
this analysis was 114 Indigenous adults.

2.3. Procedure

2.3.1. In office

Study procedures were approved by the Office of Research Ethics at
the University of Lethbridge. Written consent was obtained from all
participants. After screening for eligibility by email or phone (i.e., that
participants identified as Indigenous, were current post-secondary stu-
dents, and were 18 years or older), participants attended an on-campus
study office to complete consent procedures, paper-and pencil surveys,
and physical assessments needed to calculate AL score (mean comple-
tion time = 90min). Saliva samples were collected during the first
office visit at 3 time points using the passive drool technique.
Participants rinsed their mouth with bottled water upon arrival and the
first sample was collected after completion of the demographic portion
of the questionnaire. Remaining samples were taken 30 and 60 min
after questionnaire completion.

Whole saliva samples were collected in a 2 ml microcentrifuge tube
using a Saliva Collection Aid (Salimetrics, State College, PA), a collec-
tion device specifically designed to improve volume collection and in-
crease participant compliance. During data collection, salivary samples
were stored in the in-office freezer and then transferred immediately to
a —80°C freezer. At the end of the session participants were provided
with supplies for collecting saliva samples at home.

2.3.2. At home

At home, participants were asked to select 2 consecutive days in
which they would have similar wake and sleep times. On each of these
days, they were asked to collect a saliva sample at three time points:
immediately upon wake-up, 30 min after wake-up, and before bed, and
to record the times in which samples were taken on the forms
provided. Participants were instructed to place the swab under the
tongue for three minutes and then place the swab in a pre-labeled tube
and put it in their freezer. When all six samples were collected, the
participant contacted the research assistant who had collected their in
office data to coordinate sample return. We used cortisol awakening
response (CAR) expert consensus guidelines to increase adherence in-
cluding clearly explaining the importance of adherence to sampling
times, emphasizing the importance of collecting S1 immediately upon
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awakening, encouraging participants to ask questions via text message/
email/phone, providing take-home instructions, having participants
record data collection time points in a diary log, advising participants to
place kits beside the bed for morning collection, and text messaging the
evening before sampling to highlight instructions (Stalder et al., 2016).
Participants returned the samples in an insulated lunch kit with a
freezer pack given to them during the in-office visit. Samples received
were immediately transferred to a -80C freezer. Participants were given
an honorarium in two installments: $50 for completing in-office mea-
sures, and $50 for returning at-home measures.

2.4. Measures

2.4.1. Parental residential school attendance

Participants were asked: “Did you have any family members attend
residential school (check all that apply)?” Response options were mo-
ther, father, one or both grandmothers, one or both grandfathers, one or
more aunts, one or more uncles, or no relatives attended. To better
understand the residential school experience, and impacts on the next
generation, participants who indicated a relative had attended re-
sidential school were asked 6 questions: (1) Would you say that at-
tending a residential school for your family member was a: (response
options: very negative, negative, somewhat positive or very positive
experience); (2) Do you feel you have been personally impacted in
negative ways because your family member(s) attended residential
school (response options: yes, no); (3) do you feel that the way you
were parented and cared for as a child was influenced by residential
school experiences in your family (response options: yes, no); (4) has
the way your family handles or copes with stress been impacted by
experiences at residential school (response options: yes, no); (5) has the
way you handle or cope with stress been impacted by experiences of
residential school in your family (response options: yes, no); and (6) are
issues related to residential school openly discussed in your family
(response options: yes, no).

2.4.2. Allostatic Load (AL)

Allostatic load has been operationalized using a range of bio-
markers; there is no consensus on which biomarkers are necessary and
studies vary widely in measurements used (Beckie, 2012; Juster,
McEwen, & Lupien, 2010). A recent systematic review by Johnson et al.
(2017) called for a more critical approach of the calculation of AL to
ensure indices used capture the biological effects of psychosocial stress
rather than markers of physiologic dysfunction more generally
(Johnson, Cavallaro, & Leon, 2017). Taking this into consideration, we
operationalized AL using markers from the three biological domains
that framed the original AL index. A measure of inflammation was
added given universal agreement since that time that biomarkers from
the immune system should be included in AL calculations (Segerstrom
& Miller, 2004; Juster et al., 2016). Thus, AL score in this study was
based on a composite of seven biomarkers across four biological do-
mains including:

1. Cardiovascular: Resting systolic and diastolic blood pressure were
measured using a Life Source automated sphygmomanometer (Auto
Control Medical, Mississauga, ON). Participants were seated and
resting quietly for three sets of two readings taken approximately
10 min apart. The second measure taken in each set was summed
and the average of the systolic reading and the diastolic reading
were each used in the AL score.

2. Neuroendocrine markers included DHEA-S and CAR. Previous re-
search has confirmed the validity of salivary DHEA-S measurement
and its association with psychological stress and health (Duong et al.
2017). DHEA-S was collected through in-office saliva sampling and
analyzed using Enzyme-Linked Immunosorbent Assays with Kkits
from Salimetrics (Salimetrics, State College, PA). As per manu-
facturer’s suggestion for DHEA-S, the three in-office samples were
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pooled and mixed for analysis. To examine CAR, the wake-up (S1)
and 30 minutes post wake-up (S2) samples taken at home on the
second day, and the percent change in cortisol between S1 and S2
was calculated. CAR represents the sharp rise in cortisol levels
across the first 30-45 min following morning awakening. In healthy
adults, the magnitude of CAR ranges between a 50-156% increase in
salivary cortisol levels (Clow, Thorn, Evans, & Hucklebridge, 2004).
The mean magnitude of CAR was 59.6% in this sample (Table 1).

3. Metabolic markers included body mass index (BMI) and waist cir-
cumference. To calculate BMI, height and weight were measured to
the nearest 0.5 cm using a Health O Meter mechanical beam scale
and height rod. Waist circumference was measured at the top of the
iliac crest, to the nearest 0.5 cm.

4. Immune: Previous research has confirmed the validity of salivary
CRP measurement and its association with psychological stress and
health (Dhingra et al., 2007; Truba, Doan, Currie, & Copeland, 2018;
Van Dyke et al., 2017). We measured CRP using the third in-office
saliva sample and analyzed the biomarker using the Enzyme-linked
Immunosorbent assays (ELISAs) from Salimetrics LLC, Carlsbad, CA,
USA.

Cutpoints for each biomarker are displayed in Table 1. All samples
were analyzed in duplicate and samples for each participant were
analyzed in the same assay to minimize the effects of inter-assay
variability. AL score was based on the distribution of the sample for all
biomarkers. To create an allostatic load score, all biomarkers but CAR
were divided into sex-specific quartiles with high risk defined by the
highest quartile for BMI, WC, BP, and CRP. For DHEA-S the lowest
quartile was used. For CAR, the lowest and highest octiles defined high
risk based on previous studies associating low and high levels with
adverse health outcomes (Juster, Moskowitz, Lavoie, & D’Antono, 2013;
Gustafsson et al., 2014).

2.4.3. Mediating variable: Adverse childhood experiences (ACEs)

ACEs were assessed using 10 standard questions based on the ori-
ginal ACE questionnaire (Felitti et al., 1998). Response options were yes
(1 point) and no (0 points). ACE score was calculated by summing the
number of yes responses (Felitti et al., 1998; Sotero, 2015).

2.4.4. Covariates

We measured offspring age and gender, parental educational at-
tainment (i.e., grade 9 or less, some high school, high school diploma,
some college or university, or college and university degree), and per-
ceived socioeconomic status of offspring (i.e., the participant) as a child
(i.e., upper income, upper-middle income, middle income, lower-
middle income, and lower income). Income was asked in this manner to
improve validity, given university students may not know their

Table 1

Mean, range and cut-points used for allostatic load (AL) biomarkers (N = 90).
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household income as a child, and given previous Indigenous research
documenting low missing values when SES was measured in this way
(Currie et al., 2011; Currie, Wild, Schoflocher, Laing, & Veugelers,
2013).

2.5. Missing data

Data were collected from 114 participants, 11 of which were re-
moved for not complying with guidelines for the collection of at-home
salivary samples. An additional 11 participants were removed because
they personally attended residential school, the confounding impacts of
which would be difficult to control in statistical models. Finally, 2
participants were removed because they did not know if their parents
had attended residential school, resulting in a final sample size of N =
90.

2.6. Analysis strategy

To examine associations between parental residential school atten-
dance and offspring allostatic load, AL score was collapsed into terciles
given the non-normality of the distribution. Perfectly sized terciles
could not be achieved given the distribution of scores. Thus, 38% of the
sample had AL scores of 0 to 1 and were categorized into the low AL
group, 40% had AL scores of 2 to 3 and were categorized into the
moderately elevated AL group, and 22% had scores of 4 to 7 and were
categorized into the high AL group. Associations between residential
school attendance and offspring AL were examined via multinominal
regression models and 95% confidence intervals (CIs) adjusted for
covariates selected a priori based on existing literature including current
participant age, gender, socioeconomic status as a child, and parental
education. Associations between parental residential school attendance
and offspring ACE score were examined using multinominal regression
adjusted for confounders, given the non-normality of the ACE score
distribution. Perfectly sized terciles could not be achieved given the
ACE score distribution. Thus, 38% of the sample had ACE scores of 0 to
2 and were categorized into the low ACE group, 39% had ACE scores of
3 to 5 and were categorized into the moderately elevated ACE group,
and 23% had ACE scores of 6 or more and were categorized into the
highly elevated ACE group. We planned to analyze mediation by ACE
score using the cross-products of coefficients method by Hayes & Little.

3. Results
3.1. Sample characteristics

The mean age of the sample was 28 years (SD = 8.4, range = 18 to
57 years). As shown in Table 2, 77% of the sample were female which is

Biomarker Range Mean (SD) Cut-point female Cut-point male
1. Cardiovascular

SBP (mm Hg) 90-145 118.0 (13.1) > 126 > 137

DBP (mm Hg) 57-102 77.5 (10.6) > 86 > 86

2. Neuroendocrine

DHEA-S (ug/dL) 188.5-13069.7

3682.3 (2644.3)

< 1610.9 < 2376.4

CAR -85.9-748.7 59.6 (153.8) < 34.8 or >139.0 < 34.80r >139.0
3. Metabolic

BMI (kg/m?) 19.2-48.5 29.5 (7.0) > 34.0 > 34.0

Waist circumference (cm) 68.9-145.5 97.8 (17.2) > 110.7 >110.7

4. Immune

CRP (pg/ml) 52.9-2884.8 415.2 (497.7) > 394.3 > 403.8

Total AL Score 0-6 2.1 (1.5)

*BP= SBP = systolic blood pressure; DBP = diastolic blood pressure; DHEA-S= dehydroepiandrosterone-sulfate; CAR = cortisol awakening response; BMI= Body

mass index; CRP = C-reactive protein.
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Table 2

Characteristics of the sample.

Characteristic

Sample N (%)

Total Sample

Gender
Men
Women

Age
18-24
25-34
35+

Indigenous Group
Aboriginal

First Nation
Metis

Marital Status

Married

Common law
Widowed/Divorced/Separated
Single

Maternal Education

Less than secondary grad
Secondary grad

Some post-secondary
Post-secondary grad

Paternal Education

Less than secondary grad
Secondary grad

Some post-secondary
Post-secondary grad

Socioeconomic Status as a Child
Upper to upper-middle income household

Middle income household

Lower-middle income household

Low income household

Residential School Attendance
Mother attended
Father attended

One or both grandmothers attended
One or both grandfathers attended

90 (100%)

21 (23.3%)
69 (76.7%)

38 (42.2%)
32 (35.6%)
20 (22.2%)

19 (21.1%)
57 (63.3%)
14 (15.6%)

9 (10.0%)
29 (32.2%)
7 (7.8%)
45 (50.0%)

14 (15.7%)
14 (15.7%)
29 (32.6%)
31 (34.8%)

24 (27.3%)
15 (17.0%)
19 (21.6%)
22 (25.0%)

9 (10.0%)

28 (31.1%)
29 (32.2%)
24 (26.7%)

38 (42.7%)
30 (33.7%)
55 (61.8%)
44 (49.4%)
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consistent with higher numbers of Indigenous women compared to men
who are completing post-secondary training in Canada (Arriagada,
2016). Most participants (63%) identified as First Nations. One in two
participants were single. Most (60%) grew up in lower-middle or low-
income households.

As shown in Table 2, 42.7% of participants had a mother and 33.7%
had a father who attended residential school. Within these subsamples,
85.7% were raised by a mother and 66.7% were raised by a father who
attended residential school. More generally, familial exposure to re-
sidential school in the sample was high with 85% reporting that at least
one of their parents, grandparents, aunts, or uncles had attended.
Among those with familial exposure to residential school (n = 77), 28%
reported one family member had attended, and 16% reported four or
more family members had attended (Mean = 1.88 family members, SD
= 1.28). Overall, 97.4% of participants indicated that attending re-
sidential school was a negative experience for their relatives. Ap-
proximately 8 in 10 Indigenous university students indicated they were
personally impacted because one or more family members had attended
residential school (79.3%), including 61.6% who indicated that the way
they were parented and cared for as children was influenced by re-
sidential school experiences in their families. Approximately 85% be-
lieved that the way their family handled stress had been impacted by
experiences at residential school. Two thirds also believed that the way
they personally handled stress was being impacted by their relatives’
experiences at residential school. Despite these problems, most parti-
cipants (62.8%) indicated that residential school experiences were not
openly discussed in their family.

AL scores ranged from 0 to 6 (median = 2.1, SD = 1.5) in the
sample. Most participants (62%) had an AL score of 2 or less. Overall,
38% of the sample had AL scores of 0 to 1, 40% had AL scores of 2 to 3,
and 22% had scores of 4 to 7.

3.2. Residential school attendance and AL score

The first objective of this paper was to examine if parent residential
school attendance was associated with offspring AL score. We also ex-
amined grandparent residential school attendance given 61.8% had at
least one grandmother who attended, and 49.4% had at least one
grandfather who attended. As shown in Table 3, in separate multi-
nominal regression models adjusted for participant age, gender, and

Table 3
Unadjusted and adjusted odds ratios of adult offspring allostatic load category by parent and grand-parent residential school attendance (N = 90)*.
Model 1 Model 2

Variables Moderate AL OR (95% CI) SE High AL OR (95% CI) SE Moderate AL OR (95% CI) SE High AL OR (95% CI) SE

Mother attendance 5.0 [1.70, 14.53] 0.55 0.65 [0.21, 2.03] 0.59 12.6 [2.94, 53.84] 0.74 2.70 [0.59, 12.4] 0.78
Offspring age 1.15 [1.04, 1.28] 0.05 1.24 [1.10, 1.39] 0.06
Offspring gender 0.63 [0.16, 2.44] 0.69 1.94 [0.33, 11.3] 0.82
Mother’s education 2.12 [1.23, 3.68] 0.28 1.61 [0.96, 2.72] 0.27
Perceived SES as a child 1.05 [0.55, 2.03] 0.33 1.42 [0.66, 3.04] 0.39
Father attendance 0.77 [0.27, 2.21] 0.54 2.81 [0.89, 8.90] 0.59 0.59 [0.18, 1.97] 0.62 1.55 [0.38, 6.37] 0.72
Offspring age 1.05 [0.97, 1.14] 0.04 1.18 [1.08, 1.30] 0.05
Offspring gender 0.66 [0.20, 2.25] 0.62 1.85 [0.30, 11.5] 0.84
Father’s education 1.33 [0.94, 1.89] 0.18 0.89 [0.58, 1.35] 0.22
Perceived SES as a child 0.81 [0.45, 1.45] 0.30 0.92 [0.42, 2.02] 0.40
Grandmother attendance 2.06 [0.77, 5.54] 0.51 1.24 [0.38, 4.04] 0.60 1.74 [0.61, 4.96] 0.53 0.91 [0.22, 3.75] 0.72
Offspring age 1.05 [0.97, 1.13] 0.04 1.18 [1.08, 1.30] 0.05
Offspring gender 0.87 [0.26, 2.87] 0.61 1.93 [0.35, 10.8] 0.88
Perceived SES as a child 0.69 [0.40, 1.19] 0.29 1.02 [0.51, 2.06] 0.36
Grandfather attendance 1.07 [0.41, 2.73] 0.48 1.06 [0.35, 3.23] 0.56 1.19 [0.45, 3.17] 0.50 1.71 [0.68, 7.98] 0.66
Offspring age 1.05 [0.98, 1.13] 0.04 1.19 [1.09, 1.30] 0.05
Offspring gender 0.73 [0.23, 2.34] 0.59 2.01 [0.37, 10.9] 0.86
Perceived SES as a child 0.64 [0.37, 1.11] 0.28 1.02 [0.51, 2.04] 0.36

* Significant results (p < 0.05) presented in bold. Outcome variable (AL category — low, moderate, high) used the low AL category as the reference group for
analysis. Model 1 presents unadjusted estimates. Model 2 presents estimates adjusted for adult offspring age, offspring gender, perceived socioeconomic status as a
child (as reported by offspring), and parental education. Grandparent education was not controlled in modelled because it was not measured.
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Table 4
Unadjusted and adjusted odds ratios of adult offspring allostatic load category by parental residential school attendance among those raised by their parents.
Model 1 Model 2
Variables Moderate AL OR SE High AL OR (95% CI) SE Moderate AL OR SE High AL OR (95% CI) SE
(95% CI) (95% CI)
Caregiver mother attendance 4.67 [1.48, 14.8] 0.59 0.55 [0.16, 1.89] 0.60 12.3 [2.59, 58.5] 0.80 2.17 [0.43, 11.0] 0.83
Offspring age 1.18 [1.05, 1.31] 0.06 1.25 [1.11, 1.41] 0.06
Offspring gender 0.65 [0.16, 2.63] 0.71 3.62 [0.48, 27.5] 1.0
Mother’s education 0.78 [0.39, 1.53] 0.35 1.06 [0.51, 2.21] 0.38
Perceived SES as a child 1.98 [1.09, 3.62] 0.31 1.43 [0.78, 2.62] 0.31
Caregiver father attendance 1.29 [0.42, 3.95] 0.57 2.57 [0.68, 9.68] 0.68 0.78 [0.19, 3.15] 0.71 1.49 [0.26, 8.73] 0.90
Offspring age 1.05 [0.96, 1.16] 0.05 1.26 [1.11, 1.43] 0.06
Offspring gender 0.84 [0.23, 3.13] 0.67 2.11 [0.27, 16.74] 1.06
Father’s education 0.76 [0.41, 1.41] 0.32 0.92 [0.35, 2.41] 0.49
Perceived SES as a child 1.53 [1.04, 2.26] 0.20 1.03 [0.61, 1.73] 0.27

“(n = 76 and n = 72 for caregiver mother and father attendance; respectively. Significant results (p < 0.05) presented in bold. Outcome variable (AL category — low,
moderate, high) used the low AL category as the reference group for analysis. Model 1 presents unadjusted estimates. Model 2 presents estimates adjusted for adult
offspring age, offspring gender, parental education, and perceived socioeconomic status as a child (as reported by offspring).

Child ACE score

Allostatic Load
Score

Residential school c
Attendance

¢

Fig. 1. Hypothesized mediation pathway.

SES as a child, grandmother and grandfather residential school atten-
dance were not associated with AL score for their adult grandchildren.
Paternal attendance was also not associated with offspring AL score. In
an unadjusted model, participants who had a mother attend residential
school were 5.0 times more likely to have moderately increased AL scores
than participants who did not have a mother attend residential school.
After adjustment for offspring age, gender, SES as a child, and maternal
education, the strength of the odds ratio increased to 12.6 suggesting
confounders had masked the strength of this association in the un-
adjusted analysis. This association did not extend to the high AL cate-
gory. That is, while participants who had a mother attend residential
school were more likely to have an AL score in the moderately elevated
range, there were no more likely to have an AL score in the high range
than other participants, suggesting a non-linear association and/or the
analysis was underpowered to test this association given there were n
= 20 adults in the high AL group.

To better understand these findings, a post hoc analysis limited the
sample to participants raised by their biological parents. There was
little change in the result. First, the sample was limited to participants
raised by their biological mothers (N = 76). As shown in Table 4, in an
adjusted analysis, participants raised by a mother who attended re-
sidential school (caregiver mother attendance) were 12.3 times more
likely to have an AL score in the mid-range, but no more likely to have

AL scores in the high range than participants raised by mothers who did
not attend residential school. Next, the sample was limited to partici-
pants raised by their biological fathers (with or without their biological
mothers, N = 72). Paternal residential school attendance continued to
have no impact on offspring AL score (analysis not shown). The sample
size did not permit limiting the sample to participants who were not
raised by their biological parents.

3.3. Residential school attendance and ACE score

The second objective of this study was to examine if parental re-
sidential school attendance was associated with elevated ACE scores
among offspring raised by one or both of their biological parents.
Participants who had a mother or father attend residential school had
significantly higher ACE scores (M = 5 ACEs) than participants who did
not have a mother or father attend residential school (M = 3 ACEs;
independent samples t-test for mothers = 3.67, df =73, p = 0.001; in-
dependent samples t-test for fathers = 4.10, df = 53, p = 0.001). The
most common ACEs experienced by children raised by mothers or fa-
thers who attended residential school were parental divorce, living with
a caregiver with a mental illness, living with a caregiver with an ad-
diction, and living with a caregiver who was emotionally abusive.

3.4. Mediation testing

The third objective of this study was to test whether elevated ACE
scores could explain the significant association observed between ma-
ternal residential school attendance and AL among adults raised by
their mothers. Using the Hayes method, we first tested pathway a
(Fig. 1) in an adjusted model (Hayes & Little). The association between
maternal residential school attendance and offspring ACE score (as an
outcome) was tested in a multinominal regression model adjusted for
participant age, gender, perceived SES as a child and maternal

Table 5

Adjusted odds ratios of adult offspring ACEs by maternal residential school attendance among those raised by their mothers (n = 76).
Variables Moderate ACEs OR (95% CI) SE High ACEs OR (95% CI) SE
Caregiver mother attendance 2.52 [0.66, 9.66] 0.70 4.59 [1.10, 19.2] 0.73
Age 0.97 [0.90, 1.05] 0.39 1.00 [0.92, 1.08] 0.04
Gender 2.24 [0.56, 8.96] 0.71 2.00 [0.44, 9.11] 0.77
Mother’s education 0.96 [0.60, 1.53] 0.24 0.93 [0.56, 1.54] 0.26
Perceived SES as a child 2.52 [1.29, 4.91] 0.34 2.41 [1.14, 5.07] 0.38

“Significant results (p < 0.05) presented in bold. Outcome variable (ACE category — low, moderate, high) used the low ACE category (0-2 ACEs) as the reference
group for analysis. Model presents estimates adjusted for adult offspring age, offspring gender, maternal education, and perceived socioeconomic status as a child (as

reported by offspring).
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education. As shown in Table 5, adults raised by a mother who attended
residential school were significantly more likely to have highly elevated
ACE scores (6 + ACEs), but no more likely to have moderately elevated
ACE scores (3-5 ACEs), compared to adults raised by mothers who did
not attend residential school (N = 76).

Next, the association between offspring ACE score and AL score as
adults was examined. Participants with low, moderately elevated, and
highly elevated ACEs had AL scores of 1.9, 2.3 and 2.1; respectively,
suggesting adverse childhood experiences did not have a significant
impact on adult AL in this sample. This was confirmed in a multi-
nominal regression model adjusted for participant age, gender, per-
ceived SES as a child, and maternal education (i.e., a test of pathway b,
Fig. 1). Results indicate ACE score was not significantly associated with
adult AL score (OR = 0.95, 95% CI 0.76, 1.19 and OR = 1.02, 95% CI
0.77, 1.34 for mid and high range AL scores; respectively). The final test
of the ab pathway was not conducted given pathway b was not sig-
nificant, thus ACE score could not mediate the association between
maternal residential school attendance and offspring AL. We conducted
several post hoc tests to confirm the result. First, participant ACE score
was entered as a control variable in the multinominal regression models
reported in Tables 3 and 4. Results demonstrated no change in the
significance or strength of the association between maternal residential
school attendance and offspring AL score when offspring ACE score was
controlled (analyses not shown). We also examined post hoc correla-
tions between childhood ACE score and the continuous form of each
individual AL marker using Lowess curves and partial correlations,
adjusting for age and gender. There were no statistically significant
associations between ACE score and the seven adult AL biomarkers
examined in this study with or without adjustment for age, nor were
non-linear U or inverse-U associations observed that might account for
these findings.

4. Discussion

Despite the young age of this adult sample, most (85%) had relatives
who attended residential school, highlighting the ongoing impact of
colonization on the present generation of Indigenous Canadians. Results
of this study go beyond subjective distress to highlight moderate im-
pairment in subclinical indices of physiologic regulation among the
adult offspring of maternal residential school survivors. The aggregate
measure of physiologic dysregulation used in this study suggests
Indigenous adults who had a biological mother who attended re-
sidential school were experiencing early and more pronounced wear
and tear on stress response systems than Indigenous peers who did not
have a biological mother attend residential school. The strength and
significance of this association did not change when the sample was
limited to maternal survivors who raised their children, nor was it ex-
plained by ACE scores among adults raised by mothers who attended
residential school.

This research builds on previous studies examining the deleterious
biological impacts of residential school attendance on the physical
health of surivors, as well as studies documenting the biological impacts
of the Dutch famine and the Holocaust on the offspring of survivors
(Running Bear et al., 2018; Yehuda & Bierer 2008; Yehuda, Bierer,
Andrew, Schmeidler, & Seckl, 2009). The present findings are sugges-
tive of the ways in which childhood trauma and systemic malnutrition
in Canadian residential schools may have become biologically em-
bedded, passed to subsequent generations, and exhibited through the
dysregulation of allostatic systems in the next generation. Although it is
possible that these findings reflect the intergenerational transmission of
residential school trauma through epigenetic processes, caution is
needed in the interpretation of the results. Blood samples and DNA
information were not collected in this study; thus epigenetic processes
could not be directly examined. However, these findings do provide
strong justification for future research designed to examine the epige-
netic impacts of parental residential school attendance on the children
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of survivors.

Consistent with research across populations highlighting that the
most profound influence on parenting is the way an individual was
parented themselves, this study found Indigenous adults raised by
biological parents who had attended residential school had significantly
higher ACE scores than Indigenous adults raised by biological parents
who had not attended the schools (Roberts et al., 2004; Lomanowska
et al.,, 2015). While we did not directly measure the experiences of
mothers who attended residential school in this study, 97.4% of parti-
cipants indicated that attending residential school was a negative ex-
perience for their family members generally. This is consistent with
overwhelming evidence from the testimonies of thousands of re-
sidential school survivors across Canada suggest most experienced
widespread abuse and neglect (Sinclair, 2015). The weight of this evi-
dence suggests most residential school survivors have ACE scores that
far exceed the score of three, which was highlighted by Felitti et al.
(1998) in his seminal work on ACEs, as the threshold after which sig-
nificant increases in behavioral dysfunction, morbidity, and mortality
in adulthood become very apparent. The most common ACEs experi-
enced by adults raised by residential school survivors in this study were
parental divorce, living with a caregiver with a mental illness, living
with a caregiver with an addiction, and living with a caregiver who was
emotionally abusive.

ACE score could not explain the association between maternal re-
sidential school attendance and increased AL among her adult children.
We conducted a number of post hoc tests to confirm the veracity of this
result. Findings indicate no significant associations between ACE score
and any of the seven adult AL biomarkers examined. It may be that the
study was underpowered for this analyses (N = 76); yet our ex-
amination of Lowess curves suggests offspring ACE score had little
impact on later neuroendocrine (cortisol awakening response, DHEA-S),
cardiovascular (systolic and diastolic blood pressure), immune system
(CRP) or metabolic (waist circumference, BMI) functioning among the
adult children of survivors. It may also be that heightened maternal
exposure to ACEs through residential school resulted in biological
embedding that influenced AL score among her children in ways that
could not be further exacerbated by her children's exposure to ACEs. It
may also be that the AL biomarkers used in this study did not ade-
quately capture the impact of ACEs on biological dysfunction. The most
consistent neurobiological finding among adults with a history of
childhood maltreatment is a reduction in hippocampal volume asso-
ciated with a deficit in declarative memory, a marker which AL does not
typically include (Danese & McEwen, 2012; Smith, 1999). As well,
neuroendocrine findings in maltreated adults vary according to the
presence or absence of psychiatric disorders, which may explain non-
significant findings between child ACE score and adult neuroendocrine
markers in this study (Danese and McEwen, 2012). That said, several
studies have documented elevated basal levels of inflammatory bio-
markers among adults who have a history of child maltreatment, which
was not repeated in this study (Danese, Pariante, Caspi, Taylor, &
Poulton, 2007). Associations between ACE score and metabolic dis-
orders and obesity have also been documented, which were not re-
peated in the present sample (Huang et al., 2015). All participants in
this study were post-secondary students, and it may also be that this
subpopulation is resilient given education and health are positively
associated.

In summary, the findings of this study suggest mechanisms other
than the intergenerational transmission of trauma, operationalized
through ACEs, were responsible for the observed association between
maternal residential school attendance and offspring AL score.
Additional studies with larger, more diverse samples of Indigenous
adults are needed to confirm this result. Strengths of this study include
guidance by an Indigenous Advisory Committee. Limitations include
the use of a cross-sectional design which precludes inferences about
causation, and potential response bias due to the use of self-report and
take-home salivary measures. As demonstrated by wide confidence
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intervals in the analysis, this study was underpowered. If the true effect
was small or medium-sized, the sample size may have been insufficient
to achieve the threshold for statistical significance. For example, we
observed medium-sized associations between maternal residential
school attendance and high AL among offspring (OR = 2.7) which,
given the size of the effect, would have likely been significant with
adequate study power. We also found maternal residential school at-
tendance was associated with high ACEs scores (i.e., ACEs of 6 or
more), but not moderate ACE scores (i.e., ACEs of 3 to 5) among her
offspring (Table 5). This non-linear finding is likely due to an in-
adequate sample size rather than a true non-linear effect, given the
sample was sufficient to achieve the threshold for statistical significance
for a large effect (OR = 4.6), but insufficient to achieve significance for
a medium-sized effect (OR = 2.5 for ).

4.1. Conclusions

The Canadian Truth and Reconciliation Commission (2015) asked
governments to acknowledge the impact of residential schools on the
current state of Indigenous health. The present findings underline the
importance of this call by demonstrating how the residential school
experience may get under the skin to impact the health of the next
generation. Findings provide justification for future research designed
to examine the epigenetic impacts of the residential school experience
among the children of survivors.
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