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A B S T R A C T   

Evidence suggests that perceived stress and psychological resilience are related to the presence and severity of 
cardiometabolic disease. Despite increased stress and cardiometabolic disease burden among American Indian 
and Alaska Native (AI/AN) people, the relationships between these factors are not well established in these 
populations. The objective of this study was to evaluate the relationships of stress with five cardiometabolic 
health indicators and to assess whether psychological resilience mediates these relationships in AI/AN adults. 
Four hundred and ninety-six AI/AN attendees were surveyed at three powwows. The questionnaire included 
sociodemographic items, questions on self-reported obesity, prediabetes, diabetes, high blood pressure, and high 
cholesterol, the Perceived Stress Scale, and the Brief Resilience Scale. Multivariable logistic regression models 
were used to measure associations of health indicators with Perceived Stress Scale and Brief Resilience Scale 
scores while controlling for sociodemographic characteristics. Among respondents, obesity was the most com
mon cardiometabolic health indicator reported (48%), followed by high blood pressure, prediabetes, diabetes, 
and high cholesterol. Mean Perceived Stress Scale and Brief Resilience Scale scores were 16.1 (6.4 SD) and 3.5 
(0.7 SD), respectively. Higher Perceived Stress Scale scores were associated with greater odds of self-reported 
prediabetes and diabetes. Brief Resilience Scale scores did not serve as a mediator. These results suggest that 
perceived stress is associated with some self-reported indicators of cardiometabolic health among AI/AN adults, 
but findings are limited by the convenience sample, reliance on self-report, and cross-sectional design. Future 
work should capitalize on nationally representative data, longitudinal designs, and objective measures of car
diometabolic health.   

1. Introduction 

American Indian and Alaska Native (AI/AN) individuals experience 
excess stress and discrimination (American Psychological Association, 
2016) and are more likely to live in poverty than non-Hispanic white 
Americans (Sarche and Spicer, 2008). Chronic stress can develop from a 
variety of sources, from daily hassles to major life events or latent 
sources, such as settler colonialism (Elm et al., 2019). Psychological 
resilience may limit the physiological effects of stress (Southwick et al., 
2014; Karatsoreos and McEwen, 2013). Psychological resilience has 
been defined as an individual’s ability to cope positively with stress 
(Connor and Davidson, 2003) or to maintain a positive outlook on life, 
despite negative circumstances (Toukhsati et al., 2017). AI/AN com
munities are a diverse grouping, comprising more than 5.6 million 
people from more than 600 federal or state recognized tribes (Office of 

Minority Health, 2018), with a variety of histories, practices, and 
regional influences. Resilience is a commonly recognized value despite – 
and perhaps a result of – the shared and multi-generational experiences 
of adversity and trauma that AI/AN communities have experienced, 
both historically and today (Ore et al., 2016). 

Research shows that chronic or severe stress may increase the risk of 
cardiometabolic diseases (Richardson et al., 2012; Felix et al., 2019; 
Lehrer et al., 2020). Similarly, a systematic review of descriptive studies 
supports the association of higher resilience scores with reduced chronic 
disease severity (Cal et al., 2015). AI/AN adults have a higher preva
lence of cardiometabolic conditions, such as obesity (44% vs. 29%), 
diabetes (18% vs. 7%), and coronary heart disease (8% vs. 6%), 
compared with non-Hispanic White adults (Obesity and American In
dians, 2017; Diabetes and American Indians, 2016; Office of Minority 
Health, 2017). The National Longitudinal Study of Adolescent to Adult 
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Health (Add Health), a longitudinal study of a nationally representative 
sample of adolescents, found higher average perceived stress levels 
among AI/AN respondents compared with all study participants (Marley 
and Metzger, 2015). Higher stress levels among AI/AN adolescents were 
cross-sectionally associated with self-reported diagnoses of high blood 
glucose or diabetes (Marley and Metzger, 2015). Further, psychological 
resilience appears to mediate the relationship between stress and car
diometabolic health in a convenience sample of adults in the South
western U.S. (Lehrer et al., 2020). 

The present study sought to evaluate the relationships of stress and 
psychological resilience with five self-reported cardiometabolic health 
indicators (obesity, prediabetes, diabetes, high blood pressure, high 
cholesterol) in a cross-sectional, multi-state survey of AI/AN re
spondents and to assess whether resilience mediates any observed as
sociations between stress and cardiometabolic health. It was 
hypothesized that higher stress would be associated with poorer car
diometabolic health, and that greater resilience would be associated 
with better self-reported cardiometabolic health. Further, it was ex
pected that resilience would mediate or disrupt the associations between 
stress and cardiometabolic health. 

2. Materials and methods 

2.1. Data collection 

Cross-sectional surveys were distributed to AI/AN attendees at three 
large powwows. Powwows are public community events that celebrate 
the cultural traditions and practices of AI/AN tribes and communities. 
The number of attendees at a powwow varies; attendees range from 
predominantly local residents to international visitors. For this study, 
participants were recruited from powwows hosted in Oklahoma and 
Washington State between June and August 2018. Typical annual 
powwow attendance combined across these three events is estimated at 
7500 attendees. Eligibility criteria to participate in the survey were self- 
identification as AI/AN (alone or with one or more additional races) and 
aged 18 years or older. The 45-item anonymous survey was completed 
onsite in paper-and-pencil format. This research was determined to be 
exempt by the Washington State University Institutional Review Board 
(Protocol #15144), and informed consent was not required. Participants 
received a $10.00 gift card as compensation for their time. 

2.2. Measures 

Sociodemographic characteristics. Participants self-reported their age 
in years. Gender was categorized as “female” and “male” or “other” for 
analysis. Race was not a mutually exclusive variable, in that respondents 
were asked to select all categories that applied to them from a list 
consisting of “American Indian,” “Alaska Native,” “Asian,” “Native Ha
waiian or Pacific Islander,” “African American or Black,” “White,” and 
“Other.” Ethnicity was recorded dichotomously as either “Latino/Latina 
or Hispanic” or “Not Latino/Latina or Hispanic.” Self-reported highest 
level of education was classified as “no high school diploma or GED,” 
“high school graduate or GED,” “some college but no degree,” “tech
nical/vocational degree or Associate’s degree,” or “bachelor’s or grad
uate degree.” Marital status was recorded as “married or living with 
partner,” “widowed, divorced, or separated,” and “never married.” 
Finally, residence was considered as “reservation or rural area,” “small 
town,” or “large metropolitan area.” 

Health status. Respondents rated their health on a 5-point Likert scale 
from “Excellent” =5 to “Poor” =1. Self-reported height (inches) and 
weight (pounds) were used to calculate body mass index (BMI) as ki
lograms/meters2 and to categorize participants as obese (BMI ≥ 30) or 
not obese (BMI < 30). Participants self-reported prior diagnoses (“yes” 
or “no”) made by a health professional of prediabetes, diabetes, high 
blood pressure, and high cholesterol. 

Perceived stress. Cohen’s 10-item Perceived Stress Scale evaluates 

experiences of stress in the prior month (Cohen et al., 1983). This 
questionnaire has been used in various countries and has demonstrated 
convergent and discriminant validity, internal reliability, and test–retest 
reliability in adult populations (Lee, 2012). In response to statements 
such as “how often have you been able to control things that bother you” 
or “how often have you felt things were piling up so high that you could 
not overcome them,” each item is rated on a 5-point Likert scale that 
ranges from “Never” =0 to “Very Often” =4 or from “Never” =4 to “Very 
Often” =0 (Cohen et al., 1983). The summary score, which can range 
from 0 to 40, was evaluated as a continuous measure, with higher values 
reflecting greater perceived stress (Cronbach’s α = 0.81). 

Resilience. The Brief Resilience Scale was used to assess psychological 
resilience. This scale has demonstrated internal consistency, criterion 
validity, construct validity, and test–retest reliability among university 
students and with cardiac and chronic pain patients (Smith et al., 2008). 
Response choices range from “Strongly Disagree” =1 to “Strongly 
Agree” =5 on items such as “I tend to bounce back quickly after hard 
times.” The coding of responses is reversed for items such as “I tend to 
take a long time to get over set-backs in my life.” The average of all 
responses was used as a continuous measure of resilience that ranged 
from 1 to 5, with higher values reflecting greater psychological resil
ience (Cronbach’s α = 0.78). 

2.3. Statistical analyses 

Means and standard deviations were calculated for continuous var
iables and counts and percentages were calculated for categorical vari
ables. Missing values ranged from n = 2 (0.4%) for Perceived Stress 
Scale to 68 (13.7%) for ethnicity. Independent sample T-tests were used 
to assess the bivariate relationship of self-reported cardiometabolic 
health indicators with Perceived Stress Scale and Brief Resilience Scale 
scores. Multivariable logistic regression models were used to measure 
the association of health indicators with Perceived Stress Scale scores 
while adjusting for sociodemographic variables (age, gender, ethnicity, 
education level, marital status, and residence type). A quasi-Bayesian 
causal mediation analysis was then used to test whether Brief Resil
ience Scale scores served as a mediator between Perceived Stress Scale 
scores and each health indicator (Hicks and Tingley, 2011; Imai et al., 
2010). All regression models adjusted for powwow event attended and 
used listwise deletion for incomplete cases. Two models were used for 
each of the cardiometabolic health indicators. The first model included 
the health indicator as the dependent variable, with demographic 
characteristics and Perceived Stress Scale score as the independent 
variables. The second model added the Brief Resilience Scale score as a 
mediating feature. A comparison of the coefficient derived from each 
model provided indirect evidence for mediation by the Brief Resilience 
Scale score. All statistical analyses were conducted in Stata/MP (version 
15.0, StataCorp, College Station, Texas, 2016), with a significance level 
set at alpha = 0.05. 

3. Results 

Characteristics of the 496 respondents are shown for the overall 
study sample and by powwow event in Table 1. To preserve anonymity, 
powwows are identified by a number and not by event name. The overall 
mean age was 45.8 years and 64% of the study sample identified as 
female. The majority (83%) of participants were AI or AN only, with the 
remaining 17% identifying as AI or AN as well as one or more other 
racial categories. Characteristics of respondents varied by powwow. Due 
to variation in sociodemographic characteristics across powwows, all 
regression models adjusted for powwow event attended. On average, 
respondents rated their health as 3.2 (±1.0), which corresponds to a 
rating slightly above “Good.” Among all respondents, obesity was the 
most common cardiometabolic health indicator reported (48%), fol
lowed by high blood pressure (33%), prediabetes (22%), diabetes 
(21%), and high cholesterol (20%). 
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Mean Perceived Stress Scale scores were 16.1 (6.4 SD) among re
spondents, with scores ranging from 0 to 36. Average Perceived Stress 
Scale scores were significantly higher among respondents who self- 
reported prediabetes, compared to those without prediabetes (Fig. 1; 
Panel A; 17.6 vs. 15.6; P = 0.005). Perceived Stress Scale scores were not 
significantly associated with any other cardiometabolic health indicator. 
Mean Brief Resilience Scale scores were 3.5 (0.7 SD), with scores ranging 
from 1.5 to 5. Brief Resilience Scale scores were significantly lower 
among respondents who self-reported prediabetes compared to those 
without prediabetes (Fig. 1; Panel B; 3.4 vs. 3.6; P = 0.027). Brief 
Resilience Scale scores were not significantly related to any other car
diometabolic health indicator. 

In multivariable logistic regression models adjusting for powwow 
attended and sociodemographic characteristics (Table 2), greater 
Perceived Stress Scale scores were associated with increased likelihood 
of self-reported prediabetes (β = 0.07; 95% CI = 0.03, 0.11; P = 0.002) 
and diabetes (β = 0.05; 95% CI = 0.01, 0.10; P = 0.02). Models struc
tured to test potential mediation by Brief Resilience Scale found that 
higher scores on the Perceived Stress Scale were significantly associated 
with lower scores on the Brief Resilience Scale (β = -0.07; 95% CI =
-0.08, − 0.06; P < 0.001), controlling for powwow attended and socio
demographic characteristics. In addition, higher Brief Resilience Scale 
scores were associated with high cholesterol (β = 0.68; 95% CI = 0.18, 
1.18; P = 0.008), independent of Perceived Stress Scale scores or other 
model variables. The average mediation effect of Brief Resilience Scale 
scores on high cholesterol was − 0.005 (95% CI = -0.010, − 0.001). 
However, Brief Resilience Scale scores were not associated with any 
other cardiometabolic health indicators. 

4. Discussion 

The aim of this study was to evaluate the relationships of perceived 
stress with cardiometabolic health indicators, and to assess whether 
psychological resilience mediates these relationships. This line of 
research is important to understand mechanisms by which dramatic 
cardiometabolic health inequities among AI/AN people, including high 
prevalence of obesity, diabetes, and cardiovascular disease (Obesity and 
American Indians, 2017; Diabetes and American Indians, 2016; Office of 
Minority Health, 2017), continue to persist and inform the design of 
effective prevention efforts. In this convenience sample of AI/AN adults, 
greater perceived stress was associated only with prediabetes and dia
betes. Resilience did not change or mediate this association. In addition, 
greater resilience was associated with high cholesterol, independent of 
stress, with a negligible estimated mediation effect. Which, may have 
been a chance finding. 

The findings between stress and diabetes in the current study is 
consistent with results from Add Health (Marley and Metzger, 2015). 
Identifying latent drivers of diabetes among AI/AN adults, such as 
chronic stress and inflammation, may offer critical information towards 
novel public health and prevention opportunities. Diabetes is not only 
more prevalent among AI/AN adults than non-Hispanic white adults 
(Diabetes and American Indians, 2016), but treating diabetes consumes 
a substantial proportion of the IHS budget (O’Connell et al., 2012) and 
AI/AN adults with diabetes are more likely to experience comorbidities 
as well as die from diabetes (O’Connell et al., 2010). Perceived stress is 
associated with incidence of diabetes among Swedish men and Austra
lian women in multi-year longitudinal studies (Novak et al., 2013; 
Harris et al., 2017). Results from this analysis suggest a cross-sectional 
relationship between perceived stress and both self-reported prediabe
tes and diabetes, but longitudinal studies will be needed to demonstrate 
the direction of this relationship among AI/AN adults. In contrast to 

Table 1 
Sociodemographic characteristics and health status of participants.    

Powwow 
Characteristic All 

participants 
(n ¼ 496) 

Powwow 1 
(n ¼ 180) 

Powwow 2 
(n ¼ 210) 

Powwow 3 
(n ¼ 106) 

Age, years, mean 
(SD) 

45.8 (17.1) 49.5 (17.9) 45.1 (17.0) 41.0 (14.6) 

Gender, % (n)     
Female 63.9 (317) 70.6 (127) 61.4 (129) 57.6 (61) 
Male or other1 36.1 (179) 29.5 (53) 38.7 (81) 42.5 (45) 
Race, “check all 

that apply,” % 
(n)2     

American Indian 88.9 (441) 98.9 (178) 76.2 (160) 97.2 (103) 
Alaska Native 13.3 (66) 1.7 (3) 27.6 (58) 4.7 (5) 
Asian 0.4 (2) 0.0 (0) 1.0 (2) 0.0 (0) 
Native Hawaiian 

or Pacific 
Islander 

2.0 (10) 0.0 (0) 3.3 (7) 2.8 (3) 

African American 
or Black 

2.2 (11) 0.0 (0) 4.8 (10) 0.9 (1) 

White 11.1 (55) 9.4 (17) 13.8 (29) 8.5 (9) 
Other 1.4 (7) 0.6 (1) 1.9 (4) 1.9 (2) 
Ethnicity, % (n)     
Latino/Latina or 

Hispanic 
8.6 (37) 4.0 (6) 13.4 (24) 7.1 (7) 

Not Latino/Latina 
or Hispanic 

91.4 (391) 96.0 (144) 86.6 (155) 92.9 (92) 

Education, % (n)     
No high school 

diploma or GED 
8.4 (41) 8.0 (14) 6.7 (14) 12.3 (13) 

High school 
graduate/GED 

21.6 (106) 22.6 (40) 21.7 (45) 19.8 (21) 

Some college but 
no degree 

24.3 (119) 22.0 (39) 22.7 (47) 31.1 (33) 

Technical/ 
vocational 
degree or 
Associate’s 
degree 

19.8 (97) 20.3 (36) 22.2 (46) 14.2 (15) 

Bachelor’s or 
Graduate degree 

25.9 (127) 27.2 (48) 26.6 (55) 22.7 (24) 

Marital status, % 
(n)     

Married or living 
with partner 

48.6 (237) 50.0 (86) 43.8 (92) 55.7 (59) 

Widowed, 
divorced, or 
separated 

21.2 (103) 27.3 (47) 18.6 (39) 16.0 (17) 

Never married 30.3 (148) 22.7 (39) 37.6 (79) 28.3 (30) 
Residence, % (n)     
Reservation or 

rural area 
30.3 (148) 22.9 (40) 23.8 (50) 55.8 (58) 

Small town 20.7 (101) 29.7 (52) 16.2 (34) 14.4 (15) 
Large 

metropolitan 
area 

49.1 (240) 47.4 (83) 60.0 (126) 29.8 (31) 

Health status     
Self-rated health, 

5-point scale, 
mean (SD) 

3.2 (1.0) 3.3 (0.9) 3.2 (1.0) 3.1 (1.1) 

Body mass index, 
mean (SD) 

31.0 (7.0) 31.3 (6.6) 30.4 (7.2) 31.6 (7.3) 

Obesity, % (n) 48.2 (233) 51.7 (89) 43.4 (89) 51.6 (55) 
Prediabetes, % (n) 21.8 (101) 23.8 (38) 19.8 (40) 22.6 (23) 
Diabetes, % (n) 21.4 (101) 28.1 (47) 16.4 (33) 20.2 (21) 
High blood 

pressure, % (n) 
32.5 (157) 43.4 (75) 27.2 (56) 25.0 (26) 

High cholesterol, 
% (n) 

19.8 (94) 27.1 (46) 17.2 (35) 12.8 (13) 

Perceived stress, 
mean (SD) 

16.1 (6.4) 14.6 (6.3) 16.7 (6.3) 17.2 (6.4) 

Resilience, mean 
(SD) 

3.5 (0.7) 3.6 (0.7) 3.5 (0.8) 3.4 (0.7) 

Note. Missing values for age (n = 8), ethnicity (n = 68), education (n = 6), 
marital status (n = 8), residence (n = 7), self-rated health (n = 6), height or 
weight to calculate BMI (n = 13), obesity (n = 13), diabetes (n = 24), high blood 

pressure (n = 13), high cholesterol (n = 20), prediabetes (n = 32), perceived 
stress (n = 2), and resilience (n = 5). 1 Includes responses of Transgender (n = 4) 
and Other (n = 6). 2 Categories were not mutually exclusive, so will exceed 
100% 
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prior literature suggesting relationships between perceived stress and 
BMI, blood pressure, or blood lipids in other population (Spruill et al., 
2019; Tenk et al., 2018), no statistical relationships between perceived 
stress and these cardiometabolic health outcomes were identified in this 
analysis. 

Several physiological or behavioral pathways may underpin the re
lationships of stress and resilience to prediabetes and diabetes, such as 
pro-inflammatory processes (Kivimäki and Steptoe, 2018) and over
stimulation of the hypo-thalamic-pituitary adrenal axis (Farag et al., 
2008). However, these constructs are often modeled as control variables 
(Richardson et al., 2012). One nascent area of study involves food 
insecurity (Nikolaus et al., 2019; Myers et al., 2020), namely, how 
insufficient access to nutritious food may be linked to stress, resilience, 
and health. Food insecurity likely both precipates stress and influences 
dietary patterns, but these relationships have not been explored in AI/ 
AN adults. This avenue of research hold promise given that an estimated 
25% of AI/AN-led households, nationwide, are food insecure (Jernigan 
et al., 2017). 

Scores on the Perceived Stress Scale were greater than those reported 
for Non-Hispanic White respondents in three national probability sur
veys (Cohen and Janicki-Deverts, 2012), aligning with studies showing 
elevated Perceived Stress Scale scores among AI/AN young adults 
(Marley and Metzger, 2015). Scores on the Brief Resilience Scale were 

on average similar to those reported for undergraduate students from 
the general population (Smith et al., 2008). Prior studies of psycholog
ical resilience and health in AI/AN populations have been limited to AI/ 
AN children and youth or small studies of AI adults (Cummins et al., 
1999; Schure et al., 2013). Higher levels of resilience have been related 
to better self-reported physical health among AI/AN adolescents 
(Cummins et al., 1999) and older adults (Schure et al., 2013). In a small 
study of older AI/AN adults, greater resilience was associated with fewer 
symptoms of depression and lower levels of chronic pain (Schure et al., 
2013). Among AI/AN adolescents, emotional health – which included 
components related to stress and resilience, such as optimism and worry 
– explained 16% of variation in self-reported physical health (Cummins 
et al., 1999). However, prior studies have not focused on the car
diometabolic health outcomes of interest in the current research. Thus, 
though present results support a relationship between Brief Resilience 
Scale scores and greater likelihood of high blood cholesterol, additional 
research on resilience and cardiometabolic health among AI/AN adults 
will be necessary to replicate these findings. 

Of note, the Brief Resilience Scale may not capture a holistic 
impression of resilience in AI/AN populations. Qualitative in
vestigations have suggested that resilience is conceptualized by some 
AI/AN adults at the community level (Shea et al., 2013; Grandbois and 
Sanders, 2012; Hobfoll et al., 2002) as well as the individual level, e.g., 

Fig. 1. Association of Perceived Stress Scale and Brief Resilience Scale scores with self-reported cardiometabolic health indicators. Panel A: Dot and box plots 
comparing Perceived Stress Scale scores (Y-axes) for participants with (white) and without (blue) self-reported obesity, prediabetes, diabetes, high blood pressure, 
and high cholesterol in American Indian or Alaska Native participants. Independent group t-tests comparing Perceived Stress Scale scores between groups for obesity, 
prediabetes, diabetes, high blood pressure, and high cholesterol produced P-values of 0.205, 0.005, 0.128, 0.969, and 0.417, respectively. Panel B: Dot and box plots 
comparing Brief Resilience Scale scores (Y-axes) for participants with (white) and without (blue) self-reported obesity, prediabetes, diabetes, high blood pressure, and 
high cholesterol in American Indian or Alaska Native participants. Independent group t-tests comparing Brief Resilience Scale scores between groups for obesity, 
prediabetes, diabetes, high blood pressure, and high cholesterol produced P-values 0.722, 0.027, 0.742, 0.487, and 0.0647, respectively. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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strong community resources and support in addition to a strong self- 
identity (Grandbois and Sanders, 2012). In a study with adolescents in 
California, resiliency was conceptualized based on family characteristics 
(Mistry et al., 2009). Assessing collective resilience (Teufel-Shone et al., 
2018) at family or community levels, or with individual measures that 
include perceptions of social support (Albert, 2019), may be more 
informative in investigations of resiliency and health among AI/AN 
people. Though the Brief Resilience Scale had reasonable internal con
sistency in this study, this does not indicate content validity. Thus, 
future work with AI/AN adults in this area may be improved by re- 
envisioning the measurement of resiliency. 

Unlike other investigations of stress and psychological resilience 
(Felix et al., 2019; Rod et al., 2009), the present study did not find an 
association of stress with obesity, high blood pressure, or high choles
terol. Psychological resilience did not mediate the relationship between 
stress and cardiometabolic health, which contradicts previous evidence 
(Lehrer et al., 2020), possibly due to the current study’s reliance on 
dichotomized, self-reported health measures. There also was no measure 
of physical activity included in this study, which has been postulated to 
mediate the link between stress and health among AI/AN people in some 
(Bersamin et al., 2014) but not all studies (Grant et al., 2018). Further, 
use of a modest size convenience sample may have increased Type II 
error and reduced power to detect existing relationships. The sampling 
strategy also limits generalizability of the results. Finally, cross-sectional 
designs cannot elucidate temporality of associations and may have 
resulted in biased estimates of mediation effects (Fairchild and McDa
niel, 2017). Longitudinal analyses would provide a natural advantage 
for this line of inquiry. 

4.1. Conclusion 

Future studies of stress and resilience among AI/AN people may yield 
more robust results by characterizing health conditions using contin
uous and proximal biological measures, applying longitudinal study 
designs, as well as more detailed, and culturally informed measures of 
stress and resilience. Such investigations will provide valuable infor
mation as to how the constructs of stress and resilience might be inte
grated into efforts to prevent or improve cardiometabolic health in AI/ 
AN households and communities. Though there is need for additional 
research, the high prevalence of cardiometabolic health concerns and 
elevated average stress levels among respondents in the current study 
mirrors what has been reported for the larger AI/AN adult population. 
Therefore, continued efforts by community and clinical organizations to 
prevent and treat diet-related cardiometabolic conditions among AI/AN 
people are well warranted. 
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