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Introduction: Métis People, one Indigenous group in Canada, have distinct
culture, identity, and experiences. The determinants of Métis People’s health,
including stroke risk, may differ from other groups. This study examined
relationships between psychosocial and lifestyle factors with cardiometabolic
risk, a stroke risk indicator, and the moderating role of sex among Métis adults
living in Saskatchewan, Canada.
Methods: A community-based cross-sectional observation study was
conducted with 70 Métis adults (39 ± 16 years; 66% female). Hierarchical
multiple regression, moderated by sex, assessed psychosocial and lifestyle
predictors of cardiometabolic risks (blood cholesterol, fasting glucose,
glycosylated hemoglobin, blood pressure, and waist circumference).
Results: Psychosocial factors were significantly associated with cardiometabolic
risk components. Psychological distress, adverse childhood experiences, age
and sex explained 30% of the variance in average blood pressure, F (4, 65) =
6.997, p = 0.01. Well-being, discrimination experiences, age and sex significantly
explained 27% of the variance in average blood pressure, F (4, 65) = 5.89, p =
0.04. Sex moderated relationships of wellbeing with glycosylated hemoglobin,
F (6, 63) = 7.374, p = 0.02, R2 = 0.414, with age (β = −0.497, p < 0.01),
wellbeing (β = 0.593, p = 0.01), and wellbeing × sex (β = −0.53, p =
0.01) being significant predictors. Psychological distress moderated by sex
also predicted total cholesterol. Lifestyle factors did not significantly predict
cardiometabolic risk.
Discussion: Psychosocial determinants, particularly wellbeing, play a central
role in Métis People’s cardiometabolic risk, with effects differing by sex. This
emphasized the need for Métis-specific, trauma, and sex-informed approaches
to cardiovascular health promotion.
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1 Introduction

Canada has three recognized Indigenous groups, First Nation, Métis, and Inuit, with
each group having distinct culture, identity, traditions, and experiences (Statistics Canada,
2022). Métis People, one of the fastest growing groups in Canada, have unique health
experiences, grounded in strong kinship ties, resilience, and self-determination (Statistics
Canada, 2021; Foulds et al., 2025; Ginn et al., 2025). Understanding Métis People’s health
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therefore requires approaches that are culturally grounded
and considers Métis People’s unique historical and
contemporary experiences.

Stroke is a leading cause of death in Canada; however,
Indigenous Peoples are disproportionately and inequitably affected
(Statistics Canada, 2025; Heart and Stroke, 2025). Although data
specific to Métis People is limited, available evidence suggests
higher rates of chronic health conditions, including cardiovascular
diseases (CVD) such as hypertension, heart disease, and stroke
compared to non-Indigenous People, with patterns differing from
First Nations Peoples (Atzema et al., 2015; Martens et al., 2011;
Statistics Canada, 2009; Foulds et al., 2013). The stroke mortality
risk is twice as high for Indigenous Peoples than non-Indigenous
Peoples Heart and Stroke, 2025. One research study examining the
cardiovascular (CV) health of Métis People living in Ontario has
shown a 25% greater prevalence of stroke in Métis People compared
to the general population (Atzema et al., 2015). Sex and gender
differences in the incidence of CVD are also evident, with Métis
females in Alberta experiencing 37% greater ischemic heart disease
incidence, while Métis males experience 24% greater incidence than
non-Indigenous Peoples (Randall et al., 2019).

Determinants of CVD vary, and include both lifestyle and
traditional factors (Liu et al., 2006). Lifestyle or behavioral
risk factors include physical inactivity and sedentarism, tobacco
smoking, and high carbohydrate intake (Liu et al., 2006). While
the risks of CVD have declined over time among the general
populations through lifestyle changes, the risks among Indigenous
Peoples have remained stable and, in some instances, increased
(Aziz et al., 2022; Reading, 2015). Factors including historic and
ongoing trauma, food insecurity, and high levels of physical
inactivity disproportionately impact Indigenous Peoples health
with the root causes linked to colonization (Reading, 2009; Ironside
et al., 2021; Barton et al., 2005). Acute and chronic stress, including
traumatic life events, have long been identified as predictors of
CVD in the general population (Humphries et al., 2017). Like other
Indigenous groups, colonization has resulted in greater inequities
in these risk factors for Métis People when compared to the general
population (Reading and Wien, 2009).

Traditional CV risk factors include age, hypertension, and
a cluster of metabolic indicators such as blood cholesterol and
fasting glucose (Foulds et al., 2013; Cornier et al., 2008; Arnett
et al., 2019). However, these factors considered in isolation only
reflect a fraction of the total risk, particularly across diverse
populations (Arnett et al., 2019). Composite cardiometabolic risk
(CMR) indices, which integrate metabolic and CV indicators, offer
a comprehensive assessment of an individual’s risk profile (Cui
et al., 2025; Satapathy et al., 2025; Foulds et al., 2013; Kulak et al.,
2024). Established CMR measures typically include indicators such
as cholesterol, high-density lipoprotein (HDL), fasting glucose,
triglycerides, glycosylated hemoglobin (A1C), waist circumference,
and blood pressure (Foulds et al., 2013; Leiter et al., 2011). CMR
is strongly associated with stroke and other CV outcomes (Cui
et al., 2025; Satapathy et al., 2025) and has been linked to other
psychosocial stressors including discrimination and internalized
racism among racialized populations (Tull et al., 2007; McKinley
et al., 2020). However, these relationships remain unclear for
Métis People. The objective of this study, therefore, is to examine

the relationships between psychosocial and lifestyle factors with
CMR and the moderating role of sex in these relationships among
Métis People.

2 Materials and methods

2.1 Ethical considerations and participants

This Métis community-based cross-sectional observation study
took place in the province of Saskatchewan, Canada. Saskatchewan
is part of the Homeland of Métis People and has one of the
highest proportions of Métis People, comprising approximately
6% of the population, and is projected to grow faster than
the non-Indigenous population (Statistics Canada, 2022, 2021;
Gaudry, 2009). This research was conducted in partnership with
Saskatoon Métis Local 126, a local-level organization of Métis
government in Saskatchewan, and aimed to prioritize community
needs and self-determination, and to ensure Indigenous research
sovereignty. The research team, which included Métis individuals
and a Community Advisory Committee (CAC), worked collectively
to ensure community voices were centered throughout, including
co-designing the research, selecting assessment measures, and
assisting with recruitment. Ethical approval was obtained from
both Saskatoon Métis Local 126 and the University of Saskatchewan
Biomedical Research Ethics Board. Eligible participants were at
least 18 years of age, self-identified as Métis, descended from the
historic Métis Nation, and were not pregnant.

2.2 Data gathering

Data gathering occurred in person between February 2023
and August 2025 at the Merlis Belsher Place, University
of Saskatchewan. Information regarding participants’ age, sex
assigned at birth, gender identity (woman, man, gender-fluid),
Métis community affiliation, education, and employment status
was collected via questionnaires. Information regarding health
determinants including psychosocial and lifestyle factors was
gathered using validated and culturally adapted questionnaires.
Determinants examined were identified using suggestions from the
advisory committee and findings from the first phase of the larger
project (Foulds et al., 2025). Psychosocial health determinants
examined included psychological distress assessed using the Kessler
Psychological Distress Scale (K10), a 10-item questionnaire about
emotional state including anxiety and depressive symptoms a
person experienced (Kessler et al., 2002). Responses were scored
from 0 to 4 and them summed, with higher scores indicating
greater psychological distress (Kessler et al., 2002). This scale
has previously been used with Indigenous populations in Canada
(Hajizadeh et al., 2021). Internal consistency for this scale had
strong reliability (Cronbach’s α = 0.86). The WHO-5 Well-Being
Index, which comprises five questions, was used to assess positive
moods, energy, and interests (Löwe et al., 2004). Responses were
scored from 0 to 5 and then summed, with higher scores indicating
greater wellbeing. Internal consistency for this scale had strong
reliability (Cronbach’s α = 0.82). Exposure to trauma was assessed
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by the 10-item Adverse Childhood Experience (ACE) questionnaire
that assessed experiences with abuse and household dysfunction
during childhood (Felitti et al., 2019). Responses were scored from
0 to 1 and summed, with higher scores indicating greater adverse
childhood experiences. Internal consistency for this scale had
strong reliability (Cronbach’s α = 0.81). Discrimination experience
was assessed by four questions representing the dimensions of
perceived community racism, lifetime discrimination, everyday
discrimination, and racism as a barrier to PA (Williams et al.,
1997; Edwards and Cunningham, 2013; Williams, 1999; Ironside
et al., 2024). Responses were scored from 0 to 2 and then
summed, with higher scores indicating greater discrimination
experiences. Internal consistency for this scale had acceptable
reliability (Cronbach’s α = 0.60).

Lifestyle factors assessed included diet and physical activity
levels. Physical activity was assessed using the standardized Global
Physical Activity Questionnaire (GPAQ), developed by the WHO
to assess quantity (metabolic expenditure; METS) and domain
(work, transport, and leisure-time) PA, in cross-cultural settings
(Herrmann et al., 2013). The GPAQ has been found to be a
useful measure for PA in Indigenous populations because it can be
adapted to be specific to the culture and contexts (Esgin et al., 2021).
Like all the other questionnaires, this was reviewed by the CAC
and modifications were made to make it specific to Métis People
living in Canada. Modifications included identifying the traditional
Métis physical activities and activities specific to the physical
environment, e.g., Red River jigging, snow shoveling, large-game
hunting, and lacrosse. Responses from the GPAQ were converted
to MET minutes per week, with 4 METS representing moderate PA,
and 8 METS representing vigorous PA (Amelina, 2025). Internal
consistency for this scale had acceptable reliability (Cronbach’s
α = 0.76). Assessment for a balanced healthy diet was done
using the Mediterranean Eating Pattern for Americans (MEPA;
Cerwinske et al., 2017). There is evidence supporting the validity of
Mediterranean diet to Indigenous populations (Bourne et al., 2024;
Parry-Strong et al., 2023). The MEPA is a 16-item questionnaire
with responses scored from 0 to 1 and then summed, with higher
scores indicating a diet more consistent with a Mediterranean
pattern. Internal consistency for this scale had acceptable reliability
(Cronbach’s α = 0.70).

Cardiometabolic risk was assessed in a single in-laboratory visit
after an overnight fast or at least 10 h of fasting. Measures included
blood cholesterol and glucose levels, systolic and diastolic blood
pressure (SBP, DBP), weight, height, and waist circumference.
Point-of-care devices provided metabolic results within 7 min
from a single 40 μl finger-sample drop of blood, conducted by
a trained technician. The Cholestech LDX 3.41 machine (Alere
Inc., San Diego, CA, United States) measured total cholesterol;
HDL; low-density lipoprotein cholesterol (LDL), and triglyceride
cholesterol and fasting glucose. A DCA Vantage Analyzer (Siemens
Healthineers, Norwood, MA) measured A1C from 1 μl of blood.
A composite measure for CMR was created using the standardized
scores (z-scores) of waist circumference, average of SBP and DBP
combined, fasting blood glucose, triglycerides, negative HDL, total
cholesterol, and A1C (Kulak et al., 2024; Henry et al., 2009;
Whitaker et al., 2018). Equal weights were used to create the
CMR because there is currently no validated, population-specific

weighting for CMR among Métis People, and externally derived
weights from the general population may not be contextually or
culturally appropriate. As HDL is a health protective variable, HDL
scores were reverse coded so that higher values represented greater
risk (Henry et al., 2009; Whitaker et al., 2018). Sensitivity analyses
showed that the findings were robust to treatment of HDL.

2.3 Statistical analysis

Data analysis was performed using Statistical Package for the
Social Sciences (SPSS) Version 28.0.1.0 (IBM Corp., Armonk,
NY, United States). Descriptive statistics were used to summarize
participants’ characteristics and psychosocial, lifestyle, and CMR
variables, with categorical variables represented by frequencies
and percentages, and continuous variables by means and standard
deviations (SD). In this study, sex refers to biological sex assigned
at birth and was coded as 0 = male, 1 = female to facilitate
analyses in SPSS. Gender identity was collected but not analyzed
due to the small number of gender-diverse participants (n = 2),
which posed a confidentiality risk. All gender-diverse participants
reported to be of female sex at birth; therefore, sex-based analyses
combined females and gender-diverse individuals. Sex differences
in means were examined by independent-sample t-tests. Pearson’s
r correlation was used to examine the intercorrelation among
the predictor and outcome variables. A series of hierarchical
multilinear regression analyses was used to examine relationships
of psychosocial variables and lifestyle factors with composite and
individual components of CMR, while controlling for age, with sex
included as both a predictor and a moderator in all models. Using
G∗Power sample size analysis and Cohen (1988) statistical power
guidelines, a sample size of 68 was calculated to be sufficient to
detect moderate effect sizes (f ² = 0.15) in multiple linear regression
models with an alpha level of 0.05, a power of 0.80, and up to six
predictor variables and covariates (Faul et al., 2009). To reduce
model overfitting and preserve statistical power, predictors were
grouped into conceptually related blocks: (1) psychological distress
and adverse childhood; (2) wellbeing and discrimination; and (3)
diet and physical activity. Data collection was done in person with
the assistance of two members of the research team, resulting
in minimal missing data, which was addressed using pairwise
deletion. All regression assumptions of linearity, multicollinearity,
normality, and homoscedasticity were met.

3 Results

Table 1 gives a demographic overview of the participants.
The majority of the participants were females (66%), and all
the participants who identified as males also identified as men.
t-test examinations revealed that age, body mass index, waist
circumference, SBP, DBP, and CMR factors, except for HDL, were
not statistically different between males and females. Métis females
had higher HDL levels than males. Bivariate correlations (Table 2)
indicated significant correlations of metabolic variables with age,
justifying the inclusion of age as a covariate in models.
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TABLE 1 Demographic characteristics of Métis adults in Saskatchewan by sex and overall participant group, N (%), mean ± SD.

Characteristic Female participants
(n = 46)

Male participants
(n = 24)

Overall participants
(n = 70)

Missing data (%)

Gender

Woman 44 (96) 0 44 (63)

Man 0 24 (100) 24 (34)

Gender-fluid 2 (4) 0 2 (3)

Age (years) 40 ± 17 38 ± 17 39 ± 16

Education

High school 8 (17) 5 (21) 13 (18)

Vocational school 18 (39) 8 (33) 26 (37)

College/university 11 (24) 7 (29) 18 (26)

Professional/graduate school 9 (20) 4 (17) 13 (19)

Grew up in traditional community

Yes 10 (22) 2 (8) 12 (17)

No 29 (63) 19 (79) 48 (69)

Some 7 (15) 3 (13) 10 (14)

Relocated from home community

Yes 25 (54) 10 (42) 35 (50)

No 16 (35) 11 (46) 27 (39)

N/A 5 (11) 3 (12) 8 (11)

Job permanence

Permanent 25 (54) 14 (58) 39 (56)

Not permanent 17 (37) 9 (38) 26 (37)

Other 4 (8) 1 (4) 5 (7)

BMI (kg/m2) 28.53 ± 7.48 27.60 ± 2.88 27.6 ± 2.88 0.0

SBP (mmHg) 115.87 ±13.78 121.29 ± 12.32 117.73 ± 13.46 0.0

DBP (mmHg) 71.97 ±8.34 76 ± 9.22 73.35 ± 8.79 0.0

Waist circumference (cm) 95.19 ± 18.03 95.05 ± 9.06 95.15 ± 15.47 0.0

HDL (mmol/L) 1.49 ± 0.45 1.21 ± 0.38 1.39 ± 0.44 1.4

LDL (mmol/L) 2.42 ± 1.20 2.61 ± 0.93 2.48 ± 1.11 1.4

Triglycerides (mmol/L) 1.56 ± 1.33 1.19 ± 0.81 1.43 ± 1.18 0.0

Total cholesterol (mmol/L) 4.77 ± 1.22 4.47 ± 1.04 4.66 ± 1.16 0.0

Glucose (mmol/L) 5.09 ± 0.48 5.09 ± 0.29 5.09 ± 0.42 1.4

A1C (%) 5.41 ± 0.39 5.43 ± 0.40 5.42 ± 0.39 0.0

MET (min) 3,065.91 ± 4,590.58 7,319.67 ± 12,842.45 4,524.34 ± 8,535.55 0.0

Diet 6.73 ± 1.68 6.83 ± 1.95 6.77 ± 1.77 1.4

Discrimination 4.35 ± 2.21 3.79 ± 1.67 4.16 ± 2.20 0.0

Psych. distress 24.52 ± 5.74 22.04 ± 7.30 23.67 ± 6.38 0.0

Wellbeing 13.98 ± 4.45 14.42 ± 3.74 14.13 ± 4.19 0.0

ACE 3.26 ± 2.70 3.08 ± 2.83 3.20 ± 2.73 0.0

A1C, glycosylated hemoglobin; ACE, adverse childhood experiences; BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MET,
metabolic equivalents; N, number of participants; SBP, systolic blood pressure; SD, standard deviation.
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TABLE 2 Means, standard deviations, and intercorrelations among psychosocial, lifestyle, and metabolic variables of Métis adults in Saskatchewan (N =
70).

Variable Age MET Diet Discr. Psych.
distress

Wellbeing ACE Waist Chol A1C BP CMR

Age 1.00

MET −0.07 1.00

Diet 0.12 −0.02 1.00

Discrimination 0.08 0.05 0.05 1.00

Psych. distress −0.38∗∗ −0.06 −0.16 0.40∗∗ 1.00

Wellbeing 0.21 0.15 0.01 −0.29∗ −0.57∗∗ 1.00

ACE −0.02 −0.05 −0.10 0.55∗∗ 0.31∗∗ −0.31∗∗ 1.00

Waist 0.39∗∗ −0.11 0.00 0.20 −0.03 −0.12 0.22 1.00

Cholesterol 0.31∗∗ −0.08 0.14 −0.05 −0.10 −0.01 0.13 0.17 1.00

A1C 0.56∗∗ 0.00 0.13 0.12 −0.27∗ 0.20 −0.05 0.43∗∗ 0.08 1.00

Average BP 0.42∗∗ 0.07 0.09 0.17 −0.01 −0.05 0.20 0.52∗∗ 0.19 0.26∗ 1.00

CMR 0.55∗∗ −0.09 0.15 0.09 −0.10 0.03 0.14 0.78∗∗ 0.37∗∗ 0.64∗∗ 0.70∗∗ 1.00

ACE, adverse childhood experiences; A1C, glycosylated hemoglobin; BP, blood pressure; CMR, cardiometabolic risk; Discr., discrimination; MET, metabolic equivalents; N, number of
participants; SD, standard deviation.
∗p < 0.05.
∗∗p < 0.01.

3.1 Psychosocial and lifestyle factors with
composite CMR

Table 3 gives a summary of the results for hierarchical models
that examined the relationships of psychosocial and lifestyle factors
with overall CMR. In examining the role of sex in moderating the
relationships between psychological distress and adverse childhood
experiences with CMR, step 1, age entered by itself, accounted for
31% of the variance in CMR, F (1, 65) = 28.519, p < 0.001. In step
2, the addition of the main effects of psychological distress, adverse
childhood experiences, and sex did not significantly improve the
predictability of the model. The addition of interaction terms
(psychological distress × sex, and adverse childhood experiences
× sex) in the third step also did not significantly enhance the
predictive value of the model.

In examining the moderating role of sex in the relationships
between wellbeing and discrimination experiences, in step 1, age
entered by itself, explained 31% of the variance in overall CMR,
F (1, 65) = 28.519, p < 0.001. However, the addition of the main
effects of wellbeing, discrimination experiences, and sex in step 2
did not improve the predictability of the model. Likewise, for step
3, the variance explained by adding the interaction terms (general
wellbeing × sex, and discrimination × sex) did not increase
significantly, �R² = 0.052, �F (2, 60) = 2.547, p = 0.087.

The regression models assessing the relationships between the
lifestyle factors diet and physical activity levels with composite
CMR did not show diet and physical activity to be significant
predictors of CMR. In step 1, with age only entered, age accounted
for 30% of the variance in CMR, F (1, 64) = 27.118, p < 0.001.
Adding the main effects of diet, physical activity, and sex in step 2
did not significantly improve the variance explained. The addition
of the interaction terms (diet × sex, and physical activity × sex) in
step 3 also did not improve the variance explained in CMR.

3.2 Psychosocial factors and components
of CMR

Table 4 gives a summary of the significant findings for
hierarchical models that examined the relationships of psychosocial
and lifestyle factors with individual components of CMR (waist
circumference, average blood pressure, fasting blood glucose,
triglycerides, HDL, total cholesterol, and A1C). In examining
average blood pressure, age was entered in step 1 of the hierarchical
regression and accounted for 17% of the variance in average blood
pressure, F (1, 68) = 13.532, p < 0.001. In step 2, the addition
of the main effects of psychological distress, adverse childhood
experiences, and sex significantly predicted average blood pressure,
increasing the variance explained to 30%, F (4, 65) = 6.997, p =
0.01, indicating that the model was a reliable predictor of average
blood pressure levels. Age (β = 0.49, p < 0.001) and sex (β =−0.29,
p = 0.01) were significant contributors to the model. However, in
step 3, the addition of the interaction terms (psychological distress
× sex, and adverse childhood experiences × sex) did not result in
an increase in the variance, suggesting that the relationships were
not moderated by sex.

In examining total cholesterol, step 1, age entered by itself,
accounted for 10% of the variance in total cholesterol, F (1, 68)
= 7.333, p < 0.001. In step 2, the main effects of psychological
distress, adverse childhood experiences, age, and sex did not
significantly predict total cholesterol, indicating that the model
was not a reliable predictor of total cholesterol. However, in
step 3, the interaction terms (psychological distress × sex, and
adverse childhood experiences × sex) were added, and the variance
explained increased significantly to 24%, F (6, 63) = 3.255, p = 0.01,
suggesting that the interaction contributed unique explanatory
value beyond the main effects. Within this model, age emerged as a
significant predictor (β = 0.277, p = 0.026).
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TABLE 3 Hierarchical regression models for relationships of composite CMR with psychosocial and lifestyle factors in Métis adults in Saskatchewan.

Adverse childhood experiences and psychological distress Discrimination and wellbeing

Predictor R² �R² �F β t Predictor R² �R² �F β t

Step 1 0.31 0.31 28.52∗∗∗ Step 1 0.31 0.31 28.52∗∗∗

Age 0.56 5.34∗∗∗ Age 0.55 5.34∗∗∗

Step 2 0.37 0.06 1.92 Step 2 0.34 0.03 0.99

Age 0.62 5.57∗∗∗ Age 0.58 5.49∗∗∗

Sex −0.17 −1.66 Sex −0.15 −1.47

Psych. distress 0.13 1.11 Wellbeing −0.09 −0.76

ACE 0.12 1.10 Discr. 0.05 0.46

Step 3 0.37 0.01 0.27 Step 3 0.39 0.05 2.55

Age 0.62 5.46∗∗∗ Age 0.55 5.34∗∗

Sex −0.23 −1.26 Sex −0.14 −1.32

Psych. distress 0.06 0.34 Wellbeing 0.13 0.59

ACE 0.09 0.49 Discr. −0.16 −0.88

ACE × sex 0.08 0.45 Wellbeing ×
sex

−0.24 −1.18

Psych. distress
× sex

0.09 0.39 Discr. × sex 0.27 1.47

Diet and MET

Predictor R² �R² �F β t

Step 1 0.30 0.30 27.12∗∗∗

Age 0.54 5.13∗∗∗

Step 2 0.33 0.03 0.96

Age 0.55 5.11∗∗∗

Sex −0.16 −1.44

Diet −0.08 −0.72

MET 0.08 0.79

Step 3 0.36 0.02 1.08

Age 0.55 5.11∗∗∗

Sex −0.17 −1.54

Diet −0.06 −0.47

MET −0.07 −0.47

Diet × sex −0.08 −0.65

MET × sex 0.22 1.37

Sex coded as 0 = male, 1 = female.
ACE, adverse childhood experiences; CMR, cardiometabolic risk; Discr., discrimination experiences; MET, metabolic equivalents.
∗∗p < 0.01.
∗∗∗p < 0.001.

Controlling for age, there were no significant findings for
the models examining the relationships between psychological
distress, adverse childhood experiences, and the components of
waist circumference, HDL, glucose, triglycerides, and A1C.

To examine whether sex moderated the relationship of
wellbeing and discrimination with A1C, age entered in the first step
of the hierarchical regression accounted for 32% of the variance
explained, F (1, 68) = 31.42, p < 0.01. The main effects of wellbeing,

discrimination, and sex did not significantly predict A1C levels
in step 2. In step 3, the interaction terms (wellbeing × sex, and
discrimination × sex) were entered, and the change in variance
explained significantly increased to 41%, F (6, 63) = 7.37, p = 0.02,
suggesting that the interaction contributed unique explanatory
value beyond the main effects. For model 3 in this regression, age
(β = −0.49, p < 0.01), wellbeing (β = 0.59, p = 0.01), and the
interaction term wellbeing × sex (β = −0.53, p = 0.01) were the
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TABLE 4 Hierarchical regression models for relationships of CMR components with psychosocial and lifestyle factors in Métis adults in Saskatchewan.

ACE, psychological distress, and cholesterol ACE, psychological distress, and average BP

Predictor R² �R² �F β t Predictor R² �R² �F β t

Step 1 0.09 0.09 7.33∗∗ Step 1 0.17 0.17 13.53∗∗∗

Age 0.31 2.71∗∗ Age 0.41 3.68∗∗∗

Step 2 0.13 0.03 0.80 Step 2 0.30 0.14 4.19∗

Age 2.20 2.26∗ Age 0.49 4.30∗∗∗

Sex 0.11 0.95 Sex −0.29 −2.69∗∗

Psych. distress −0.05 −0.39 Psych. distress 0.16 1.33

ACE 0.15 1.25 ACE 0.19 1.70

Step 3 0.24 0.11 4.42∗∗ Step 3 0.31 0.01 0.19

Age 0.28 2.28∗ Age 0.49 4.27∗∗∗

Sex −0.16 −0.81 Sex −0.20 −1.08

Psych. distress −0.27 −1.42 Psych. distress 0.23 1.29

ACE −0.13 −0.64 ACE 0.20 1.07

ACE × sex 0.34 1.76 ACE × sex −0.02 −0.09

Psych. distress
× sex

0.43 1.70 Psych. distress
× sex

−0.14 −0.56

Discrimination, wellbeing, and A1C Discrimination, wellbeing, and average BP

Predictor R² �R² �F β t Predictor R² �R² �F β t

Step 1 0.32 0.32 31.42∗∗∗ Step 1 0.17 0.17 13.53∗∗∗

Age 0.56 5.48∗∗∗ Age 0.41 3.68∗∗∗

Step 2 0.34 0.02 0.75 Step 2 0.27 0.10 2.96∗

Age 0.53 5.09∗∗∗ Age 0.44 4.00∗∗∗

Sex −0.06 −0.63 Sex −0.27 −2.52∗

Wellbeing 0.12 1.14 Wellbeing −0.13 −1.09

Discr. 0.12 1.12 Discr. 0.12 1.09

Step 3 0.41 0.07 3.94∗ Step 3 0.29 0.03 1.17

Age 0.49 4.92∗∗ Age 0.45 4.08∗∗∗

Sex −0.05 −0.53 Sex −0.26 −3.09∗

Wellbeing 0.59 2.92∗∗ Wellbeing −0.19 −0.84

Discr. 0.14 0.79 Discr. −0.12 −0.63

Wellbeing ×
sex

−0.53 −2.68∗ Wellbeing ×
sex

0.07 0.32

Sex coded as 0 = male, 1 = female.
ACE, adverse childhood experiences; A1C, glycosylated hemoglobin; BP, blood pressure; CMR, cardiometabolic risk; Discr., discrimination experiences.
∗p < 0.05.
∗∗p < 0.01.
∗∗∗p < 0.001.

significant predictors. This significant interaction suggests that the
association between wellbeing and A1C differed by sex such that
higher wellbeing was associated with higher A1C for males, but this
association was weaker or absent in females.

To further evaluate the robustness of this interaction, sensitivity
analyses were conducted using sex-stratified regression models.
Among females, in the regression model examining the association
of discrimination and wellbeing with A1C, controlling for age was
not significant. However, among males the model was significant

and explained 55% of the variance in A1C, F (3, 20) = 8.10,
p < 0.001, �R² = 0.20. Within the male subgroup, wellbeing
was a significant predictor (β = 0.54, p = 0.01), indicating that
higher wellbeing was associated with higher A1C. These findings
corroborated the moderation results and support a sex-specific
association between and A1C.

Examining the relationship of average blood pressure with
wellbeing and discrimination, in step 1 with age only, the model
accounted for 17% of the variance in average blood pressure, F (1,
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68) = 13.53, p < 0.001. In step 2, the main effects of wellbeing,
discrimination experiences, age, and sex significantly predicted
average blood pressure, accounting for an increased variance to
27%, F (4, 65) = 5.89, p = 0.04, indicating that the model was
a reliable predictor of average blood pressure levels, with age (β
= 0.44, p < 0.001) and sex (β = −0.27, p = 0.01) being the
significant contributors. However, the addition of the interaction
terms (wellbeing × sex, and discrimination × sex) in step 3
did not result in an increase in the variance, suggesting that the
relationships were not moderated by sex.

Controlling for age, there were no significant findings for the
models examining the relationship of wellbeing, discrimination
experiences, and the CMR components of waist circumference,
HDL, glucose, and triglycerides.

There were also no significant findings for any of the models
examining the relationship of lifestyle factors, diet, and physical
activity, with any of the individual components of CMR, suggesting
that for Métis People lifestyle factors alone did not significantly
predict CMR.

4 Discussion

The objective of the study was to examine relationships between
psychosocial and lifestyle factors with CMR and the moderating
role of sex in these relationships among Métis adults living in
Saskatchewan, Canada. This is the first known study to explore
determinants of both composite and individual CMR components
to provide a more nuanced examination of cardiometabolic
pathways for Métis People. This significantly added to the limited
evidence on Métis People’s CV health. Several important findings
emerged from this study, including the influential role of sex and
psychosocial factors in CMR in Métis People.

When the individual components of CMR were examined,
psychosocial factors were found to be significant predictors of
specific CMR indicators. In particular, psychological distress
and adverse childhood experiences, along with the covariates
age and sex, significantly predicted average blood pressure.
Additionally, average blood pressure was predicted by wellbeing
and discrimination with the covariates age and sex in another
model. These findings highlight the important role psychosocial
stressors, both historical and contemporary, play in shaping blood
pressure levels, and consequently hypertension risk among Métis
People. Previous research has shown that in addition to being
higher among Métis People compared to the general population,
the prevalence of the overall burden of hypertension for Métis
People has remained stable over time (Koprich et al., 2024).
The present findings extend this body of evidence by providing
Métis-specific insights into how cumulative and intergenerational
exposure to psychosocial stressors such as childhood trauma,
discrimination experiences, and the intergenerational impacts of
colonization contribute to CMR in Métis People today (Lewis et al.,
2021; Aguiar and Halseth, 2015; Phillips-Beck et al., 2019). Similar
patterns have been observed in racialized groups where stress
related to racial discrimination has also been linked to elevated
levels of blood pressure and increased hypertension risk (Marwaha,
2022). The overall implication of our research findings is that

psychosocial factors may contribute to the risk of stroke and other
CVD in Métis People through their influence on hypertension. This
emphasizes the need for Métis-specific health promotion initiatives
that are trauma-informed and take a holistic approach to health
that is geared toward identifying and effectively addressing the root
causes of cardiometabolic health in Métis People.

Another significant finding of this study was that sex is both
an independent predictor and a moderator of relationships of
psychosocial factors with some of the CMR components. This
research, the only known study to examine determinants of
average blood pressure in Métis People, found that when age and
psychosocial factors are controlled for, average blood pressure is
lower in Métis females than in males. While previous research
has indicated that average blood pressure was lower in First
Nations females than males, this was not previously evidenced for
Métis People (Foulds and Warburton, 2014). There are several
possible explanations for these findings. First, in general, biological
females tend to have lower blood pressure than males prior to
menopause due to the hormonal differences (Ji et al., 2020).
Given that the average age of the female participants in our study
was 40 ± 17 years, these patterns might hold true for Métis
females as well. Another explanation for these differences is that
socially, Métis females may benefit from more social support than
Métis males, which may serve as a buffer against psychosocial
stressors (Ramage-Morin and Bougie, 2017). These findings from
our study emphasize the need for health promotion initiatives that
are gender sensitive, considering the role of both biological and
psychosocial factors.

Another significant finding of our research is that the higher
wellbeing scores in Métis males were associated with higher
A1C levels. This counterintuitive finding suggests that perceived
wellbeing may not consistently align with biological markers of
metabolic health among Métis males. While prior research has
generally identified wellbeing to be health protective in relation
to CV risk, serving as a buffer against stressful situations, a
motivator for positive health behaviors and promoting adaptive
physical functioning (Sin, 2016), our findings indicate that this
relationship may be more complex and context dependent. Several
explanations may account for this pattern. Higher wellbeing
among Métis males may reflect strong social connection, cultural
engagement, and overall satisfaction with life, none of which
necessarily correspond with favorable metabolic profiles. For
example, social and cultural activities that enhance wellbeing may
also involve dietary practices that influence glycemic regulation.
Alternatively, individuals with fewer perceived health concerns
may be less likely to engage in preventive health monitoring,
resulting in unrecognized metabolic risk. Importantly, though
A1C is a well-established indicator of ischemic stroke (Priya
et al., 2024; Alhawiti et al., 2025), in this study A1C was
examined as a continuous biomarker rather than a clinical
diagnosis, and these findings should be cautiously interpreted.
These findings, however, should be viewed as hypothesis-
generating and require replication in larger samples, particularly
among males. Overall, the implication of the finding is that
health promotion initiatives for Métis People, particularly males,
may benefit from integrating strengths-based approaches that
support wellbeing while also emphasizing the value of routine
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metabolic screening and preventive care, regardless of perceived
health status.

While significant relationships were observed between some
individual CMR components and psychosocial factors, we did
not find similar associations with the composite CMR used in
our study. The CMR components included in our study are
based on similar components used in studies with non-Indigenous
populations (Kulak et al., 2024; Henry et al., 2009; Whitaker et al.,
2018), and this suggests that factors to be included in creating
a CMR risk profile for Métis People may differ from those of
the general population. Our findings are supported by a review
exploring heart health strategies for Indigenous Peoples, which
found that the imbalanced reliance on biomedical risk factors
for Indigenous Peoples has been problematic in addressing the
underlying causes and outcomes of their heart health (Wali et al.,
2024). The findings from our study indicate that a standard
CMR may not adequately reflect the cultural, biological, and
social distinctiveness of risk profiles for Métis People, potentially
limiting the predictability for Métis Peoples. Cardiometabolic risk
has been emerging as an effective assessment tool for predicting
stroke and other CVD risks in other populations (Cui et al.,
2025; Satapathy et al., 2025); therefore, it is important to identify
the components that accurately capture the CMR profiles of
Métis People. Furthermore, the non-significant findings for the
composite CMR may also suggest that the equal weighting of
the components used in this study may not fully reflect the risk
profile for Métis People. Further research is needed to develop
assessment tools that are culturally grounded and reflect Métis
People’s unique lived experiences and health determinants and
identify the correct weightings for Métis People. This will improve
the sensitivity of risk prediction and create more equitable health
promotion strategies targeting cardiometabolic and overall health
in Métis People.

Another important finding of this research was that the lifestyle
factors of diet and physical activity did not significantly predict
cardiometabolic health among Métis males and females. This
result appears contradictory to extensive literature demonstrating
positive associations between lifestyle behaviors and CMR in
both the Indigenous and general populations (Foulds et al.,
2013; McEligot et al., 2010; Lai et al., 2019). Conversely, these
finding align with research identifying that general populations
have reduced the prevalence of CVD through lifestyle change,
while similar declines in CVD have not been experienced among
Indigenous Peoples (Aziz et al., 2022). For example, studies have
reported that physical activity levels for Métis People are similar
or in some instances higher than for non-Indigenous populations
(Findlay, 2011), yet Métis People remain disproportionately
burdened by CVD (Martens et al., 2011; Foulds et al., 2013;
Koprich et al., 2024). One possible explanation for this is
that CMR is influenced by multiple intersecting determinants
beyond lifestyle factors, including genetics, historical trauma,
stress, access to healthcare, medication use, and socioeconomic
conditions (Wali et al., 2024; Powell-Wiley et al., 2022). For
Indigenous populations, colonial and structural determinants
(e.g., intergenerational trauma, food insecurity, and systemic
barriers to care) may overshadow or mediate the impact of
lifestyle behaviors (Reading, 2009; Reading and Wien, 2009).

This suggests that diet and physical activity may act as
mediators, indirectly influencing CMR through physiological and
psychological pathways. Future research is needed to explore
the potential mediation effects. Another possible explanation
for this non-significant finding is measurement limitation. The
lifestyle questionnaires, adapted from tools designed for general
populations, may lack sensitivity to capture meaningful differences
for Métis People, highlighting the need for community-specific
measures. Overall, these findings emphasize the need for health
promotion strategies that move beyond individual behaviors to
address societal and historical determinants, while also developing
culturally relevant assessment tools.

Overall, the findings of this study filled a critical evidence
gap in the determinants and risk factors of cardiometabolic
health, and consequently stroke, for Métis People specifically. A
major strength of this study is the inclusion of non-traditional
determinants, including discrimination, adverse childhood
experiences, psychological distress, and wellbeing to account
for more culturally and socially relevant influences of Métis
People’s health beyond biomedical risk models. Furthermore, by
examining both composite and individual CMR components,
this study provides a more detailed understanding of the distinct
cardiometabolic pathways influencing health among Métis People.

Despite these strengths, the study was not without limitations.
First, the sample size, while adequate for exploratory analysis,
constrained the number of variables that could have been included
in the regression models without compromising statistical power,
including interaction effects. This limited our ability to examine
all psychosocial and lifestyle factors in a single model, control
for additional potential confounders such as medication use and
smoking history, and test for mediation effects such as for diet
and physical activity. A larger sample would allow for more
comprehensive modeling and robust conclusions.

Another limitation relates to the composite CMR measure
used in this study. The CMR components were based on general
population standards, which may not fully reflect the cultural,
social, and biological distinctiveness of Métis People, potentially
limiting predictive validity. Additionally, the lack of a community-
specific weighting could have affected the measure’s utility in
identifying true risk patterns in this group. Future research can
examine CMR components more comprehensively to identify
and develop validated population-specific CMR assessment tools.
Similarly, the questionnaires used to assess the psychosocial and
lifestyle determinants were adapted from questionnaires that
were initially created for the general population. Though these
questionnaires were modified for our population and have been
previously validated among Indigenous Peoples, they may still
not adequately reflect Métis People’s culture, experiences, and
health realities. This further points to the need for more Métis
People-specific assessment tools. Additionally, the use only of
quantitative methods to explore this research also limits our
understandings of some of the findings. Further research using
qualitative methods, including interviews and other culturally
relevant methods such as storytelling, can help to provide an in-
depth and more comprehensive understanding of the relationships
observed as well as uncover factors that may be significant to Métis
People’s CMR.
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Another limitation is the examination of biological sex and
not gender. While sex refers to biological attributes, gendered
social experiences may influence Métis People’s health outcome
differently. In this study, participants’ gender identity largely
aligned with their biological sex except for two individuals. This
suggests that gender identity alone may not fully capture gendered
social experiences. Future research should incorporate broader
dimensions of gender such roles or institutionalized gender norms;
this may provide a more nuanced understanding of how gendered
experiences affect Métis People’s health.

5 Conclusion

This study highlighted both the complexity and distinctiveness
of Métis People’s CMR risks and CV health. The significant
associations between the psychosocial factors including
discrimination, adverse childhood experiences, and wellbeing,
with individual CMR components emphasizing the influential
role of social and historical determinants of Métis People’s
health. The predictive and moderating role of sex on individual
CMR components illustrates that CMR in Métis People cannot
be understood without considering sex and cultural contexts.
Overall, these findings emphasize the need for Métis People-
specific, culturally grounded health assessments and promotion
initiatives that extend beyond behavioral models toward holistic,
trauma-informed, and equity-oriented approaches.
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