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Abstract

Purpose of Review Cardiovascular disease (CVD) is a report-
ed leading cause of death among American Indians and
Alaska Natives (AI/ANs) and takes a disproportionate toll
on these populations. Using the electronic database PubMed,
the purpose of this review is to summarize findings from CVD
morbidity/mortality outcome studies, as well as CVD and
CVD risk factor intervention studies among AI/ANs, pub-
lished in 2014 and 2015.

Recent Findings Eighteen empirical studies that focused on
CVD outcomes and CVD/CVD risk factor interventions were
reviewed. Four of five studies on CVD mortality found that
CVD is a leading or second leading cause of death among Al/
ANs and that CVD mortality is still disproportionately high
compared to whites. Three studies examined smoking or high-
fat diets and found an association between these risk factors
and CVD. Two CVD prevalence studies did not find statisti-
cally significant differences between AI/ANs and whites;
however, this may be due to specific sample characteristics
of these particular studies. Seven of eight CVD/CVD risk
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factor intervention studies, ranging in type of interventions
delivered and outcomes measured, found beneficial CVD/
CVD risk factor outcomes. One study uniquely underscored
historical trauma and social determinants of health as barriers
to healthy living.

Summary CVD disproportionately burdens AI/AN communi-
ties. Large-scale studies that oversample for AI/ANs are need-
ed to document the continuing effects of CVD among
Indigenous communities and monitor their disparity status in
CVD morbidity/mortality. More interventions with control or
comparison groups are also needed to address CVD and CVD
risk factors among AI/AN communities and document their
effectiveness. In addition, collaborative community-based in-
terventions that tackle root issues of CVD-related disparities
and attend to social determinants of health are needed.

Keywords American Indians - Alaska Natives -
Cardiovascular disease - Cardiovascular disease risk factors -
Health disparities

Introduction

Cardiovascular disease (CVD) is a formidable and global
public health challenge [1¢]. In the USA, CVD is the
leading cause of death [2]. Although USA rates of death
attributable to CVD have recently declined, CVD-related
mortality and the burden of CVD and its associated risk
factors remain high [3]. Furthermore, the current and
projected rise in prevalence of several CVD risk factors
coupled with increasing population growth and life expec-
tancies may increase CVD incidence and morbidity and
reverse the currently declining CVD mortality trend [1e,
4ee]. This may be especially true for Indigenous peoples
of the USA.
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Indigenous peoples of the USA—hereby referred to as
American Indians and Alaska Natives (AI/ANs)—suffer from
significant social, economic, health, and health care disparities
in comparison to other USA populations. CVD is a health
problem that takes a disproportionate toll on AI/ANs, with
incidence rates that double the general population [5]. In a
systematic review of stroke, a form of CVD, Harris et al.
found that stroke mortality rates for AI/ANs were among the
highest of all USA racial/ethnic groups [6¢]. The same is true
for prevalence of several CVD risk factors. For example, Al/
AN are 2.3 times more likely to have diabetes (a major risk
factor for CVD) in comparison to the general USA population
[7] and have the highest proportion of cigarette smoking in the
USA [8]. Adding to these problems, studies have found that
rates of CVD and CVD risk factors are on the rise among the
AV/AN population [9, 10].

As a result of the increasing morbidity/mortality of CVD
among AI/ANs, it is essential to continually evaluate CVD
morbidity/mortality among this population, as well as efforts
to reduce this health disparity. A prior review of health dispar-
ities for CVD and associated factors among AI/ANs demon-
strated that rates of CVD were clearly higher for AI/AN pop-
ulations than non-AI/AN populations [4¢¢]. The purpose of
this review is to examine more recent trends of CVD out-
comes among AI/ANs and include intervention studies that
address CVD and CVD risk factors among this high-risk pop-
ulation. We will then outline several important considerations
for CVD/CVD risk factor interventions as they pertain to the
AI/AN population.

Identification of Relevant Studies

We conducted a recent systematic review of literature on CVD
among AIANs that was published in 2014 and 2015. Using
the electronic PubMed database, we ran a search for the
elected time frame using the terms cardiovascular disease
OR heart disease and combined that with terms associated
with Indigenous peoples of the USA (i.e., American Indians
OR Native Americans OR Alaska Natives OR Indigenous).
We limited the 339 articles retrieved from this initial search to
empirical studies that included CVD and CVD risk factors
among AI/ANSs. Case studies, review articles, studies on chil-
dren and adolescents (under 18 years of age), and articles that
focused solely on Indigenous peoples outside the USA (e.g.,
First Nations and Indigenous populations from Canada,
Australia, and New Zealand) were excluded. We limited our
search to studies that include AI/ANs from the USA due to the
unique histories of Indigenous populations, diverse sociopo-
litical contexts, and differing systems of health care in various
countries. Of the 85 empirical studies that remained, we
retained those that captured AI/ANs as a distinct category
and focused on outcomes of CVD (myocardial infarction,
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coronary heart disease, heart failure, angina pectoris, and
stroke) and interventions on CVD or any CVD risk factor.
We report on the 18 studies that remained.

CVD Outcome Studies

Of the 18 articles, 10 articles had CVD itself as an outcome
variable (Table 1). Five explored CVD mortality rates [12ee,
14, 15, 17, 19], 2 examined racial/ethnic disparities that in-
clude CVD[11, 13], and 3 examined how risk factors contrib-
ute to CVD/CVD mortality [8, 16, 18]. Results of the follow-
ing studies are provided only for CVD outcomes as they per-
tain to AI/ANs.

CVD Mortality Among AI/ANs

Five articles reported on trends and disparities in CVD mor-
tality rates among AI/ANs, independent of risk factor contri-
butions. Howard et al. examined mortality data and calculated
relative and absolute differences in mortality risk between
non-Hispanic whites and several racial/ethnic groups (includ-
ing AI/ANs) for the 25 leading causes of death [15]. Ischemic
heart disease ranked second as cause of death among all racial/
ethnic groups. The study found that A/ANs had a lower risk
than whites for the top 5 leading cause of death, including
ischemic heart disease (ranked 2nd), other forms of heart dis-
ease (ranked 3rd), and cerebrovascular diseases (ranked 4th).
However, limitations of this study (as noted by the authors)
include potential misclassifications of race/ethnicity on death
certificates (i.e., misclassifying AI/ANs as non-Hispanic
whites) and causes of death [15].

Another study [12¢¢] provided an overview of leading
causes of death and all-cause mortality for AI/ANs through
analyses of temporal trends and comparisons between non-
Hispanic whites and AI/ANs by geographic region.
Importantly, they linked USA National Death Index records
with Indian Health Service (IHS) patient registration records
to reduce misclassification issues and identify AI/AN deaths
incorrectly labeled as non-AI/AN. Within IHS Contract
Health Service Delivery Area counties, AI/AN death rates
were almost 50% greater than rates in whites, with the highest
death rates occurring in the Northern and Southern Plains.
CVD was the leading cause of death for AI/AN men (as it
was for white males) and the second leading cause of death for
AI/AN females. In both genders, causes of death were elevat-
ed for Als/ANs compared with whites. The authors also found
that the significant decrease over the last two decades in all-
cause death rates for the white population was not found
among the AI/AN population [12e].

Howard et al. determined all-cause, CVD, and cancer mor-
tality among four cohorts of Western AN people [14]. In AN
men, CVD (characterized by heart failure, coronary heart
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Table 1 (continued)

CVD findings

Covariates

CVD outcome variable

Design

Sample

Study

excess CVD mortality in women younger than

*BMI

55 years, but not in those older than 55 years

*No significant association was observed

*Low-density lipoprotein

cholesterol
*High-density lipoprotein

between current smoking and CVD mortality

in center-specific analysis

cholesterol
*Renal function

*Hypertension *Diabetes

disease, and stroke) was the 2nd leading cause of death. In
women, CVD was the leading cause of death. After adjudica-
tion, where CVD mortality derived using standardized criteria
and medical record review were compared with those obtain-
ed from death certificates, only 56% of CVD classified deaths
were determined to be caused by CVD. Concordance was
higher for heart failure and stroke than for coronary heart
disease. Compared with USA whites, coronary heart disease
mortality rates were lower among AN cohorts, while stroke
rates were higher [14].

Schieb et al. [17] and Veazie et al. [19] examined CVD
mortality (stroke and heart disease mortality, respectively)
among AI/ANs. Both of these studies utilized National Vital
Statistics System data for 1990-2009 and, similar to Espey
et al.’s study [12¢¢], linked these with IHS patient registration
data to adjust for misclassification of race for AI/AN persons.
Results from the Schieb et al. study [17], which predominantly
focused on IHS Contract Health Service Delivery Area
counties, indicate that while stroke mortality rates decreased
between 2001 and 2009, they were higher overall among Al/
ANs than among whites, with regional variation. Age-
adjusted heart disease death rates (as the underlying cause of
death and with multiple causes of death) were also found to be
higher for AI/ANs than for whites (again with regional varia-
tion), despite declining heart disease mortality rates for both
populations during the 19-year time frame [19].

Racial/Ethnic Disparities in CVD Morbidity

Two CVD outcome studies examined racial/ethnic disparities
in health and morbidity. Henke et al. [13] examined 15 chronic
health conditions that existed among a national sample of
employees of six racial/ethnic groups. Through analyses of
health care claims data, the study found that AI/ANs had a
statistically higher prevalence of CVD than Asians. However,
there were no significant differences for rates among non-
Asian racial/ethnic groups [13]. In a second study of racial/
ethnic disparities in morbidity, Creanga et al. [11] examined
differences in severe maternal morbidity during delivery hos-
pitalizations across seven states in a 2-year period. AI/ANs
had higher rates of severe morbidity than non-Hispanic white
women and morbidity rates that exceeded 10 per 10,000 de-
livery hospitalizations for heart failure. However, rates of
CVD measures—heart failure during procedure or surgery,
operations on the heart and pericardium, puerperal cerebro-
vascular disorders, cardiac arrest/ventricular fibrillation, and
acute myocardial infarction—were not statistically significant
or not reported due to low case numbers [11]. This study
analyzed delivery hospitalizations as the unit of analysis ver-
sus individuals, meaning that if a woman gave birth more than
once in the 2-year study period, her morbidities were classi-
fied twice.
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Risk Factors and CVD Morbidity/Mortality

The impact of risk factors on CVD morbidity/mortality was
examined in three studies. One study [18] examined the rela-
tionship between dietary patterns and CVD/CVD risk factors
of obesity, diabetes, and hypertension among five Al commu-
nities. Using the Adult Impact Questionnaire and the Food
Frequency Questionnaire over a 30-day recall period, they
found that high-fat food consumption was highly associated
with self-reported CVD, with 6 times greater odds in those
people with the greatest frequency of fat intake in comparison
to those with the lowest frequency. High consumption of un-
healthy snacks was also associated with CVD, with 3 times
greater odds in those people who consumed unhealthy snacks
the most in comparison to those who consumed them the least.
More frequent consumption of healthy foods was also associ-
ated with higher odds for CVD, perhaps due to the obese
classification of the majority of participants at baseline and
the short time span of food recall. Importantly, participants
in this study were not necessarily Al: they were either Al or
married to an Al [18].

Two other studies focused on smoking-related mortality
among AI/ANs. Using data from a large representative sample
of the Strong Heart Study [20], Zhang et al. [§] evaluated the
impact of cigarette smoking on CVD, cancer, and all-cause
mortality among AI/ANs across different sites. CVD
accounted for 32.8% of total deaths in Al men and 30.7% of
total deaths in Al women. Although no significant association
between current smoking and CVD was found in site-specific
analyses, current smoking among the sample overall was sig-
nificantly associated with an increased risk of CVD mortality
among women less than 55 years, but not in women older than
55 years or in men [8]. Mowery et al. [16] examined smoking-
attributable fractions (the proportion of mortality within a pop-
ulation caused by exposure to smoking) and smoking-
attributable mortality for AI/ANs and whites using mortality
data collected from 637 IHS Contract Health Delivery Service
Area counties. They found that smoking-attributable fractions
and smoking-attributable mortality rates were higher among
AI/ANs than whites for ischemic heart disease, other heart
disease, and stroke [16].

CVD and CVD Risk Factor Interventions

In addition to reviewing studies that capture CVD as an out-
come measure, we examined studies designed to address
CVD and/or CVD risk factors. We found 8 articles of this
nature during the 2-year time span (Table 2). Interventions
ranged from those medical in nature to those that were com-
munity-based. Although these interventions targeted CVD or
CVD risk factors, studies often reported on outcomes different
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from biological or behavioral changes in CVD/CVD risk
factors.

Medical Interventions

Gepner et al. [24] examined the effects of vitamin D supple-
mentation (low vitamin D is associated with CVD) on arterial
stiffness and central blood pressure among a sample of 98
postmenopausal Al women. The women, who generally had
low vitamin D levels, were randomized to either receive low
or high doses of vitamin D5 on a daily basis for 6 months.
Aortic systolic blood pressure, aortic pulse pressure, and aor-
tic augmentation index were measured at baseline and at
6 months. Although the aortic augmentation index decreased
after 6 months in the high dose group, none of the primary
outcome measures were significantly affected by the vitamin
supplementation [24].

Another study [25] was designed to evaluate the safety and
efficacy of the Venous Window Needle Guide (VWING) de-
vice for cannulation of established and mature arteriovenous
fistulas (AVFs) that were not able to be cannulated, but were
otherwise well-functioning. Fifty-four patients at 11 trial sites
had the VWING implanted. Successful AVF access was
achieved in 96% of patients, and the 6-month AVF survival
rate after implantation was 100%. Although the study found
the VWING to be safe and effective in improving AVF can-
nulation, only 1 participant in the study was Al and specific
data for this individual was not provided [25].

Interventions Initiated Through Community Health
Workers/Community Advisory Boards

Three of the studies engaged community health workers or
community advisory boards (CABs) in their efforts to reduce
CVD or CVD risk factors. Using community-based participa-
tory research (CBPR), Adams et al. [21¢°] worked with three
tribal communities to develop CABs to identify and reduce
environmental barriers to healthy diet and exercise. Although
there was individual community variation, CABs noted sev-
eral barriers (e.g., historical trauma, poverty, issues related to
neighborhood safety) and then designed interventions to
decrease/remove them. More than 1070 regular and new
members participated in the three CABs over a 5-year period
(averaging 19 participants per CAB meeting). Short- and
long-term interventions were implemented (e.g., policies re-
lated to food served at meetings and schools to encourage
healthy options, community gardens, development of a play-
ground). Although this study did not examine whether or not
there were biological or behavioral changes in CVD/CVD risk
factors, structural changes implemented decreased environ-
mental barriers at each site and improved options for healthy
lifestyle choices [21¢¢].
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Hurtado et al. [23] used community health workers that
were trained to deliver a 10-session National Heart, Lung,
and Blood Institute curricula to small groups of participants
at 15 sites across the USA. Overall, 1004 total participants
from four racial/ethnic backgrounds attended the education
sessions. Based on a pre-post design, the study found that
heart health knowledge and healthy food-related behaviors
significantly increased among participants overall. There
was also an increase in participants classified as physically
active, a greater proportion of participants reporting confi-
dence or high confidence in their ability to prepare heart
healthy foods, and a greater proportion who were in the action
or maintenance stage of change. However, there were a small
number of Al participants in the study in comparison to other
groups. Among Als, heart health knowledge and adoption of
healthy food-related behaviors significantly improved, but re-
sults were not significant for confidence or stage of change
[23].

Another study [26] utilized community lay health educa-
tors to implement a CVD intervention. This feasibility study
used a mixed-methods approach to develop a faith-based, cul-
turally sensitive educational intervention for women and girls
from the Lumbee tribe and to evaluate the intervention
through questionnaires completed at baseline and completion
of'the intervention. The curriculum included 11 topics relevant
for heart disease and stroke prevention. Although the study
included primary (changes in dietary intake, physical activity,
and tobacco use) and secondary (changes in body mass index,
self-efficacy, and self-esteem) outcomes, these outcomes were
not reported. The goal of this study was to determine the
feasibility of conducting a study of this nature. The authors
note that while there were many limitations to their interven-
tion (e.g., slow rise in attendance, resistance to change in
cultural traditions), churches were receptive resources for
implementing faith-based health programs tailored to targeted
groups [26].

Intensive Case Management and Electronic Clinical
Reminder Interventions

Intensive case management has also been used in CVD/CVD
risk reduction efforts. Moore et al. [27¢] evaluated outcomes
of multiple CVD risk factors among AI/ANs who were part of
the Special Diabetes Program of Indians Healthy Heart
Demonstration Project, which was a multi-disciplinary case
management intervention. A case manager developed an indi-
vidualized CVD risk reduction plan, which included weight
loss, regular physical activity, diabetes and CVD risk reduc-
tion education, and improved nutrition as appropriate for each
participant. Data were collected at baseline and 1 year later for
3373 AI/ANs from geographically and tribally diverse set-
tings. The investigators found significant improvements in
blood sugar, blood pressure, and lipid control and also saw a

decrease in participant’s average Framingham CHD risk score
(which estimates average risk of developing CHD in 10 years).
Significant improvements were also found in smoking status,
aspirin and other anti-platelet use, and prescribed pharmaco-
therapy for CVD risk factors. Participants averaged seven case
management visits for the year, with each additional visit be-
ing associated with greater CVD risk factor benefit [27¢].

Another study [22] examined the effects of an intensive
lifestyle intervention (ILI) on the use and cost of medical
services among people with and without CVD. In a random-
ized control trial, 5145 individuals across 16 sites who were
overweight or obese and had type 2 diabetes were assigned to
receive ILI or diabetes support and education (DSE). The ILI
participants were assigned calorie, dietary fat, and physical
activity goals and received group and individual support and
instruction weekly for the first 6 months, and then 3 times per
month for the next 6 months. The DSE participants were in-
vited to three group sessions on diabetes self-care per year
during the first 4 years, and then one per year thereafter. Use
and costs of health care services across an average of 10 years
showed that ILI led to a reduction in annual hospitalizations
and number of medications, resulting in a mean relative per-
person cost savings of $5280 over 10 years. However, these
cost savings were not evident among participants with a his-
tory of CVD at baseline. Additionally, among Als, there was
not a significant mean annual cost difference between those
receiving ILI and DSE. This may be due to the small sample
size of Als, who comprised 5% of the overall study sample
[22].

Lastly, Onders et al. [28] report on the effectiveness of
electronic clinical reminders (ECRs) on a number of preven-
tive screenings (tobacco use, alcohol use, depression, intimate
partner violence, and a comprehensive CVD exam). Through
a 5-step process, the Kodiak Area Native Association
(KANA) initiated the use for ECRs for the 5 preventive mea-
sures. Although KANA started with significantly lower
screening rates for all 5 measures, after ECR implementation,
an analysis of results showed that they had achieved signifi-
cantly higher rates for screenings than IHS sites nationwide
[28].

Discussion

This review examined CVD outcomes studies and CVD/CVD
risk factor intervention studies published during 2014 and
2015. The mortality studies reviewed indicate that CVD is
either the leading or the second leading cause of death among
AI/ANs [12ee, 14, 15], with first or second rank order differ-
ences for men and women [12¢¢, 14]. Similar to a previous
systematic review [4e¢], the studies demonstrate overall that
CVD mortality is still disproportionately high among AI/ANs
in comparison to whites [12¢e, 17, 19], with variations
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depending on the aspect of CVD measured [14] and geo-
graphical region [12e, 17, 19]. However, one study [15]
found that AI/ANs were at lower risk for CVD mortality.
Limitations of this study were potential misclassifications of
race/ethnicity and causes of death, which were corrected for in
several other studies reviewed [12ee, 14, 17, 19].

Although the two prevalence studies [11, 13] did not find
statistically significant differences in CVD morbidity when
comparing AI/ANs with whites, this may be due to the spe-
cific sample characteristics (i.e., participants employed at
large firms and delivery hospitalizations in women of child-
bearing age, respectively) in each study. In studies that exam-
ined risk factor contribution to CVD, smoking-related CVD
morbidity and mortality were found to be greater among Al/
ANs than whites [8, 16]. A third study of risk factor contribu-
tions demonstrated that high-fat food and unhealthy snack
consumption were associated with greater odds of CVD
among Als and individuals married to Als [18].
Surprisingly, as increase in healthy food consumption was
also associated with greater odds of CVD. The latter finding
may have been due to the obese classification of the majority
of participants at baseline and/or the short time span of food
recall [18]. Other studies that have examined dietary patterns
among a multiethnic population [29] have shown that con-
suming foods that achieve a high diet-quality index score is
associated with lower risk of mortality from CVD. An overall
limitation of the outcome studies that included multiple racial/
ethnic comparison groups was the small sample sizes for Al/
AN .

The eight CVD/CVD risk factor intervention studies
reviewed range in types of interventions delivered and
outcomes measured. Beneficial outcomes in intervention
studies related to CVD/CVD risk factors were noted in
seven of the eight studies reviewed, with the exception
of a study examining the effect of vitamin D supplemen-
tation on CVD [24]. Three studies [22, 27+, 28] used ILI,
intensive case management, or electronic health reminders
as means to address CVD-related outcomes. Although one
of these studies conducted a cost analysis of the effects of
ILI versus DSE [22], the other studies focused on out-
comes of multiple CVD risk factors [27¢] and preventive
screening rates for several risk factors associated with
CVD [28]. Three studies used community-based efforts
involving community health workers or CABs [21ee, 23,
26]. However, only one of these studies [23] reported
measurements for behavioral CVD risk factor change
among individuals. The other two studies reported on
the effectiveness of CABs in initiating environmental
changes for healthy living [21e] and the feasibility of
implementing a faith-based educational intervention [26].
Similar to the CVD outcome studies reviewed, an overall
limitation of the intervention studies was the small sample
size of AI/ANs in studies that had multiple races/

@ Springer

ethnicities. In addition, several studies that focused solely
on AI/ANs did not include a control group for
comparison.

Among the intervention studies reviewed, one was unique
[21ee] in that it underscored issues of historical trauma [30]
and social determinants of health as barriers to healthy living.
There is tremendous heterogeneity among AI/AN communi-
ties with respect to size, geographic location, cultural prac-
tices, and languages. However, members of these communi-
ties share a common, painful history of colonization. This
history serves as the basis for deep-rooted health inequities
that exist among AI/ANs today [31, 32]. It is imperative that
CVD/CVD risk factor interventions for AI/AN communities
extend beyond individual paradigms of health (e.g., genetics
and lifestyle/behavior choice) and target social determinants,
such as historical trauma/unresolved historical grief, cultural
degradation, interpersonal and systemic discrimination, pov-
erty, and limited access to quality health care, that plague Al/
AN communities. Although addressing social factors may be
more difficult than addressing individual behavioral factors,
research has shown that they may have a greater and longer
lasting impact on health [33].

The Adams et al. study [21e] also explicitly mentions
CBPR in their work with tribal communities. CBPR is a
new norm for Indigenous communities actively reclaiming
their rights to research processes and products and for re-
searchers invested in ethical, community-driven research that
promotes social change [34, 35]. The goal of CBPR is to
nurture respectful, equitable partnerships between researchers
and community partners throughout all phases of research
[36]. CBPR emphasizes local knowledge, community
strengths and resources, shared decision-making, bidirectional
capacity building, sustained commitment, and mutual owner-
ship of research products in these partnerships [37]. It priori-
tizes communities as stewards of their own knowledge pro-
duction and leaders of wellness efforts.

In addition, the National Institutes of Health convened a
workshop to develop a research agenda to address the dispro-
portionate burden of CVD/CVD risk factors among rural pop-
ulations [38¢¢]. Workshop participants developed guiding
principles for CVD research, as well as a comprehensive
CVD research agenda with 21 opportunities for framing re-
search, practice, and programs in rural areas [38<¢]. These
principles and opportunities can be used in the development,
implementation, and evaluation of CVD intervention efforts
among AI/AN communities.

Conclusion
This review demonstrates that CVD, overall, disproportion-

ately burdens AI/AN communities in the USA. Large-scale
studies that oversample for AI/ANs are needed to document
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the continuing effects of CVD among Indigenous communi-
ties and monitor the disparity status in CVD morbidity and
mortality. More interventions with control or comparison
groups are also needed to address CVD and its associated risk
factors among AI/AN communities and document their effec-
tiveness. In addition to focusing on individual risk factors for
CVD (e.g., poor dietary patterns, physical inactivity,
smoking), which several studies in this review addressed, col-
laborative community-based interventions that tackle root is-
sues of CVD-related disparities and attend to social determi-
nants of health are needed.
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