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ABSTRACT

BACKGROUND Hypercholesterolemia is a common condition characterized by elevated levels of low-density
lipoprotein cholesterol (LDL-C) and increased risk of atherosclerotic cardiovascular disease (ASCVD). Indigenous
populations experience disproportionate rates of ASCVD, however, the extent to which hypercholesterolemia contributes
to this burden is unknown.

OBJECTIVES This study aimed to estimate the prevalence of hypercholesterolemia, severe hypercholesterolemia, and
familial hypercholesterolemia (FH) in Indigenous populations in Canada, the United States, Australia, and New Zealand.

METHODS We searched MEDLINE, EMBASE, Web of Science, Native Health Database, Cochrane Central Register of
Controlled Trials, and Cochrane Database of Systematic Reviews for peer-reviewed studies reporting on hypercholes-
terolemia and elevated LDL-C in Indigenous populations. All diagnostic criteria used to classify hypercholesterolemia
were included. Pooled prevalence and 95% Cls were calculated using a random-effects model.

RESULTS There were no studies reporting the prevalence of FH and one study reporting the prevalence of severe
hypercholesterolemia in Indigenous populations. The pooled prevalence of hypercholesterolemia was 28.9% or ~1in 3
to 1in 4 individuals (95% Cl: 22.4%-36.4%) and 12.6% (95% Cl: 7.7%-19.9%) using an LDL-C cutoff of =3.5 mmol/L
(135 mg/dL). The pooled prevalence in Indigenous populations in North America was 24.3% (95% Cl: 17.1%-33.3%)
compared with 40.0% (95% Cl: 31.3%-49.3%) in Australia. Meta-regression showed diabetes had a significant effect on
prevalence (P = 0.022).

CONCLUSIONS Hypercholesterolemia is prevalent in Indigenous communities and may contribute to the high burden
of ASCVD these populations face. There is insufficient research on FH and severe hypercholesterolemia in Indigenous
populations worldwide. (JACC Adv 2023;2:100315) © 2023 The Authors. Published by Elsevier on behalf of the American
College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

ASCVD = atherosclerotic
cardiovascular disease
FH = familial
hypercholesterolemia

LDL-C = low-density
lipoprotein cholesterol

therosclerotic cardiovascular disease
(ASCVD) is the leading cause of
death worldwide and disproportion-
ately people  of
ancestry.” Hypercholesterolemia is a major
risk factor for ASCVD and interventions to
reduce cholesterol levels effectively reduce
cardiovascular risk.>* While there is no

affects Indigenous

universal definition for hypercholesterolemia,
commonly used cutoffs include a low-density lipo-
protein cholesterol (LDL-C) level =3.5 mmol/L
(135 mg/dL) (high) and a LDL-C =4.0 mmol/L
(155 mg/dL) (very high).>” Severe hypercholesterole-
often defined as a LDL-C =5.0 mmol/L
(193 mg/dL), confers ~5-fold increased risk of devel-

mia,

oping ASCVD and is considered an indication for
statin therapy in many national and international
guidelines.>®° Severe hypercholesterolemia affects
~5% of the global population.'®'" A subset of patients
with severe hypercholesterolemia have an underlying
monogenic cause, called familial hypercholesterole-
mia (FH), which is the most common inherited lipid
disorder, affecting 1 in 310 individuals globally.""?
FH is characterized by lifelong elevated LDL-C levels
and increased cardiovascular risk.”> A recent meta-
analysis demonstrated differences in the prevalence
of FH between ethnic groups, ranging from 1 in 192
in Black populations, to 1 in 400 in Asian popula-
tions.'> However, the prevalence of FH in Indigenous
populations is not well established.

Worldwide, Indigenous peoples have an increased
burden of chronic disease, including cardiovascular
disease.'* While Indigenous populations in Canada,
the United States, Australia, and New Zealand have
unique genetic, geographic, and cultural back-
grounds, they share similar colonial histories,'>'®
which, in turn, have profound effects on their
health. Emerging guidelines for addressing cardio-
vascular risk in Indigenous populations discuss the
need for inclusion of hypercholesterolemia, FH, and
Indigenous-specific risk factors that take into account
different groups unique histories.'”® The goal of this
study was to estimate the prevalence of hypercho-
lesterolemia, severe hypercholesterolemia, and FH in
Indigenous populations in Canada, the United States,
Australia, and New Zealand.

METHODS

POPULATION SELECTION. We recognize that
“Indigenous” is a broad term used to describe many
diverse populations. Throughout this study we use
Indigenous as a categorical term, as described by the
United Nations as “inheritors and practitioners of
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unique cultures and ways of relating to people and
the environment. They have retained social, cultural,
economic, and political characteristics that are
distinct from those of the dominant societies in which
they live.” According to the United Nations global
census data, there are over 476 million Indigenous
peoples in over 90 countries.'® This study focuses on
Indigenous peoples in Canada, the United States,
Australia, and New Zealand as these are all high-
income countries with Indigenous minority groups
that share similar patterns of colonization and history
of forced assimilation into Western-European cul-
ture.’°** Indigenous populations in these countries
have been compared in previous reviews,”>*> as
western colonization has shown to disrupt Indige-
nous peoples traditional ways of life and result in
loss of land, natural resources, and economic

opportunities.?®

SEARCH STRATEGY. This study was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analysis consensus
statement (Supplemental Table 1). We conducted a
systematic review of the literature from inception to
May 2021 that included a search for hypercholester-
olemia, severe hypercholesterolemia, FH, and LDL-C
in global Indigenous populations (Supplemental
Table 2). The systematic review was created in
consultation with 2 medical librarians and authors
(R.K.M., L.R.B., A.LLK., J.G.) with all terms tested to
ensure relevant studies were not missed. Searches
were conducted in MEDLINE, EMBASE, Web of Sci-
ence, Native Health Database, Cochrane Central
Register of Controlled Trials, and Cochrane Database
of Systematic Reviews. The list of global Indigenous
populations used for the systematic review search
was derived from the University of Alberta’s Native
Studies website and contained over 500 distinct
groups.”” This included traditional names that
communities use to refer to themselves, as well as
Eurocentric and westernized terms non-Indigenous
people use to reference Indigenous communities.
Titles, abstracts, and full texts were screened by a
single reviewer (R.K.M.) to ensure inclusion criteria
were met and verified by 2 additional reviewers
(L.R.B. and A.L.K). Citations were managed using the
systematic review software Covidence.?® The Native
Health Database prohibits importation of citations
into Covidence and therefore titles and abstracts were
separately reviewed on the Native Health Data-
base website.

ELIGIBILITY AND STUDY SELECTION. Studies

included in this systematic review met the following
prespecified inclusion criteria: 1) published in
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English; 2) reported data on prevalence of hypercho-
lesterolemia or values of elevated LDL-C; 3) study
population included Indigenous adults; 4) partici-
pants were from Canada, the United States, Australia,
or New Zealand; and 5) the study population was not
a duplicate of another included study. To facilitate
estimations of prevalence, studies were also required
to report the number of hypercholesterolemia or
elevated LDL-C cases along with the total study
population size or number of Indigenous peoples in
the study (if the study population was not entirely
composed of Indigenous peoples). Studies were
excluded if Indigenous participants could not be
distinguished from non-Indigenous participants. All
studies that met the above criteria were included
regardless of study design.

DATA EXTRACTION. Following full-text review, we
extracted data from studies that included date of
publication, the Indigenous group,
geographic location of the study, number of partici-

name of

pants, size of Indigenous population, reported prev-
alence of hypercholesterolemia or elevated LDL-C,
the age range of participants, the mean age of par-
ticipants, percent of the population that were re-
ported as female, percent of the participants with
diabetes, and definition of hypercholesterolemia or
LDL-C cutoff used to classify “elevated LDL-C.” One
author (R.K.M.) performed the data extraction and
conflicts arising throughout were resolved by dis-
cussion to consensus with additional reviewers
(A.LLK, L.R.B.). In cases where multiple prevalence
rates were reported over time, the baseline preva-
lence was used. In cases where multiple studies re-
ported on the same patient cohort, the study
reporting on the largest or most recent sample pop-
ulation was included, with duplicate publications
excluded from the analysis. We included studies in
which participants were taking lipid lowering medi-
cations or had comorbid diseases, as there were
limited studies to select overall.

DATA ANALYSIS. Meta-analysis of single proportions
was performed to determine the overall prevalence of
hypercholesterolemia using a DerSimonian-Laird
random effects model. A random effects model was
chosen given high heterogeneity expected between
studies. Logit transformation was applied to study-
level proportions. Study weights were determined
using the inverse-variance method. CIs for individual
studies were calculated using the Clopper-Pearson
method to provide conservative estimates, and the
Jackson method was used for CIs of 12 and 1.>° We
performed subgroup analyses by publication date,
geographic location, and hypercholesterolemia and
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LDL-C definitions. Univariate meta-regression was
used to identify possible sources of heterogeneity in
the prevalence of hypercholesterolemia. These were
conducted using a mixed-effects model of the logit-
transformed proportions with DerSimonian-Laird
estimator for 1> and Jackson method for CIs. Vari-
ables that were assessed included sample size, pro-
portion of females, the mean age of study population,
year of publication, and prevalence of diabetes in the
sample population. Assessment of other prominent
ASCVD risk factors, including the prevalence of
smoking, hypertension, and body mass index, were
not possible due to limited data. Publication bias was
assessed formally using Egger’s test and by visual
inspection of the funnel plot of logit transformed
prevalence plotted against SE. All analyses were
conducted using the meta package for R (version
4.1.2) and RStudio (2021.09.2) for Windows.>°3"

SENSITIVITY ANALYSES. Robustness of the results
was evaluated by a sensitivity analysis which omitted
1 study at a time. We also performed a trim-and-fill
analysis to estimate the influence of potentially
missing studies on our overall results.>” Finally, we
assessed the influence of studies approaching the
limits of prevalence (0% or 100%) on our pooled
prevalence estimate by repeating our primary anal-
ysis using a Freeman-Tukey double arcsine trans-
formation for proportions under inverse-variance
weighting.

RESULTS

SEARCH RESULTS AND STUDY CHARACTERISTICS.
Our search strategy identified 3,961 unique studies
(Figure 1). Initial screening of title and abstract
revealed 134 studies meeting search criteria. After full
text review, 34 studies were identified as meeting full
inclusion criteria. We found no studies that reported
the prevalence of FH in Indigenous populations in
Canada, the United States, Australia, and New
Zealand. One study reported a prevalence of
severe hypercholesterolemia, defined as a LDL-C
level =5.0 mmol/L (193 mg/dL), of 6.6% in Indige-
nous peoples.** Nineteen studies representing 8,662
participants reported on prevalence of hypercholes-
terolemia (using any definition of elevated choles-
terol), and 15 studies representing 40,399 participants
reported on elevated levels of LDL-C (using a defined
LDL-C cutoff). The 19 studies on hypercholesterole-
mia used various classifications to define the disor-
der, including elevated total blood or serum
cholesterol, prior physicians’ diagnosis, and patient
self-reports (Supplemental Table 3). The 15 studies
reporting on elevated LDL-C used various cutoff
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FIGURE 1 PRISMA Flowchart of the Inclusion of Studies for Meta-analysis
Research identified through electronic
g database searches: Web of Science, Additional research
§ l\lgED.LINE, EMBASE, Co.chrane Central identified through
k) egister of Controlled Trials, Cochrane other sources
= Database of Systematic Reviews, Native (n=27)
= Health Database (n = 4633)
Records after duplicate studies removed (n = 3961) |
=
(=
3 |
5
(72) Initial screening of title and : Rec_:o_r_ds removed_ bpon
abstract (n = 3961) |n|t|a||y_screen|ng
(n=3827)
Full text-articles excluded
= with reason:
= . . «  Article not in English (n=6)
S Full text—artlcle_s.rg\_/lewed and | __, |. Did not report prevalence of
ﬁ assessed for eligibility (n = 134) hypercholesterolemia or
elevated LDL-C (n=48)
*  Were not describing
Indigenous populations (n=22)
* Population was outside
Canada, the USA, Australia,
= and New Zealand (n=11)
o » Did not clearly separate
g Studies included involving Indigenous Peoples in
© hypercholesterolemia (n = 19) + reporting (n=6)
= elevated LDL-C (n=15) = 34 total * Unrelated to Indigenous
people (n=4)
* Repeat study populations (n=3)
Systematic review process and exclusion criteria with reasoning. Inclusion and exclusion criteria were determined by reviews and applied using
Covidence software. Studies found on the Native Health Database were screened independently. Arrows indicate the flow to which the
systematic review was conducted. Indication, screening, eligibility, and inclusion sections provide information on each stage of the review and
the total number of studies analyzed at each stage. LDL-C = low-density lipoprotein cholesterol; PRISMA = Preferred Reporting Items for
Systematic Reviews and Meta-analysis.

points as classifications for elevated LDL-C; the most
common being LDL-C =4.1 mmol/L (160 mg/dL)
(Supplemental Table 4).

PREVALENCE OF HYPERCHOLESTEROLEMIA. Using
a random effects model, we estimated a pooled
prevalence of hypercholesterolemia in all included
Indigenous populations of 28.9% (95% CI: 22.4%-
36.4%; range 2.1%-88.9%) (Figure 2), with high
between-study heterogeneity (I> = 100%, P <0.001).
Limiting the analysis to included studies using LDL-
C-based criteria, the pooled prevalence of hyper-
cholesterolemia was 25.0% (95% CI: 16.5%-35.9%;
range 2.1%-82.8%) with extreme heterogeneity

(I? = 100%, P <0.001) (Figure 3). There were 25
studies conducted in 2001 or later and 9 studies
conducted during the year 2000 or prior (Figure 4).
Studies published in 2001 or later tended towards a
higher prevalence of hypercholesterolemia of 31.3%
(95% CI: 23.4%-40.4%; range 2.1%-88.9%), compared
to 22.8% (95% CI: 13.4%-36.1%; range 4.8%-54.0%)
in the pre-2000 studies, but this was not statisti-
cally significant.

ELEVATED LDL-CHOLESTEROL. We identified 15
studies reporting on elevated LDL-C, with a specific
LDL-C cutoff, in Indigenous populations in Canada,
the United States, Australia, and New Zealand. This
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FIGURE 2 Pooled Prevalence of Hypercholesterolemia in Indigenous Populations

Study Cases Sample Prev 95% CI Weight

Balabanski et al., 2020 51 74 68.92 [57.10; 79.17] 2.9% ——

Bhattacharyya et al., 2010 154 302 50.99 [45.20; 56.76] 3.0% E 3

Boyko et al., 2004 128 253 50.59 [44.26; 56.91] 3.0% E &

Calabria et al., 2018 671 2820 23.79 [22.23; 25.41] 3.0%

Campbell et al., 2012 144 961 14.98 [12.79; 17.40] 3.0% [ ]

Campos-outcalt et al., 1995 37 230 16.09 [11.59; 21.49] 2.9% . 3

Clough et al., 2004 38 98 38.78 [29.10;49.15] 2.9% ——

Dahl et al., 1996 329 609 54.02 [49.97,; 58.04] 3.0% n

Delisle et al., 1995 89 299 29.77 [24.64; 35.30] 3.0% .—

DiabetPreventionProgramResGrp et al., 2000 25 171 14.62 [9.69; 20.82] 2.9% L 3 i

D'Souza et al., 2005 89 239 37.24 [31.09; 43.70] 3.0% E N

Dubé et al., 2015 200 3043 6.57 [6.72; 7.51] 3.0%

Gault et al., 1996 228 437 52.17 [47.37; 56.94] 3.0% E

Green et al., 2020 1755 14755 11.89  [11.38; 12.43] 3.0%

Harris et al., 2011 691 835 82.75 [80.02; 85.26] 3.0% [ |

Hodge et al., 2011 312 897 34.78 [31.66; 38.00] 3.0% [ ]

Hopkins et al., 2014 1633 3985 40.98 [39.45; 42.52] 3.0%

Howard et al., 2009 141 499 28.26 [24.34; 32.43] 3.0% .

Kataoka-Yahiro et al., 2020 118 350 33.71  [28.78; 38.93] 3.0% -.

Kejriwal et al., 2004 40 45 88.89 [75.95; 96.29] 2.5% : —i-

Kelly et al., 2019 1313 1859  70.63 [68.50; 72.69] 3.0%

Lee et al., 2006 436 4274 10.20 [9.31;11.15] 3.0%

Leonard et al., 2002 194 592 32.77 [29.00; 36.71] 3.0% .

Lopez et al., 2014 68 114 59.65 [50.05;68.73] 2.9% —-

Mendlein et al., 1997 70 788 8.88  [6.99; 11.09] 3.0%

Molina et al., 1991 2 42 476 [0.58; 16.16] 2.0% —

Montour et al., 1989 13 82 15.85 [8.72;25.58] 2.8% E

Oster et al., 2010 926 2102 44.05 [41.92;4621] 3.0%

Proust et al., 2016 17 829 2.05 [1.20; 3.26] 2.9%

Redwood et al., 2010 991 3822 25.93 [24.55; 27.35] 3.0%

Rowley et al., 2000 143 424 33.73 [29.24; 38.45] 3.0% .

Rudkowska et al., 2013 43 553 7.78 [5.68; 10.33] 3.0% | ]

Singh et al., 2018 719 2191 32.82 [30.85; 34.83] 3.0%

Thommasen et al., 2004 47 77 6.56 [4.86; 8.62] 3.0%

Random effects model 49291 28.90 [22.39; 36.41] 100.0% <>

Heterogeneity: 12=100%, p=0 : : I I ‘ !
0 20 40 60 80 100

Prevalence (%)

Hypercholesterolemia is classified using any study reported definition of the disorder. Studies are listed individually by first author's last name

with year the study was published. Number of hypercholesterolemia cases, sample size, prevalence rate with 95% Cl, and study weight along

with a forest plot is included for each study analyzed. Pooled prevalence is reported using a random effects model with 95% CI and total

sample size. The black squares indicate the prevalence, and the size of the squares reflect the relative weighting of each study. The

horizontal lines represent the 95% confidence intervals. Prev = prevalence.

included 8 studies with a LDL-C level =3.5 mmol/L
(135 mg/dL) (Figure 4). The pooled prevalence of hy-
percholesterolemia based on a LDL-C =3.5 mmol/L
(135 mg/dL) was 12.6% (95% CI: 7.7%-19.9%; range
2.0%-29.8%) (Figure 4).

GEOGRAPHIC REPORTING IN INDIGENOUS POPULATIONS.
Twenty-four of the 34 studies were from Indigenous
groups from North America (Canada and the United
States, exclusively) (Figure 5). The pooled prevalence
of hypercholesterolemia in Indigenous populations in
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FIGURE 3 Pooled Prevalence of Hypercholesterolemia Grouped by LDL-C Based Cutoff

Study Cases Sample Prev 95% CI Weight
Balabanski et al., 2020 51 74 68.92 [57.10;79.171  2.9% ——-
Boyko et al., 2004 128 253 50.59 [44.26; 56.91] 3.0% N
Campbell et al., 2012 144 961 14.98 [12.79; 17.40] 3.0% | |
Danhl et al., 1996 329 609 54.02 [49.97; 58.04] 3.0% n
DiabetPreventionProgramResGrp et al., 2000 25 171 14.62 [9.69; 20.82] 2.9% . =
D'Souza et al., 2005 89 239 37.24 [31.09; 43.70] 3.0% E &
Gault et al., 1996 228 437 52.17 [47.37; 56.94] 3.0% E 3
Hodge et al., 2011 312 897 34.78 [31.66; 38.00] 3.0% [ |
Kataoka-Yahiro et al., 2020 118 350 33.71 [28.78; 38.93] 3.0% I
Kejriwal et al., 2004 40 45 8889 [7595;9629] 2.5% —i-
Leonard et al., 2002 194 592 32.77  [29.00; 36.71] 3.0% .
Lopez et al., 2014 68 114 59.65 [50.05; 68.73] 2.9% —-
Molina et al., 1991 2 42 4.76 [0.58; 16.16] 2.0% —
Montour et al., 1989 13 82 15.85 [8.72;25.58] 2.8% B
Oster et al., 2010 926 2102 44.05 [41.92;46.21] 3.0%
Rowley et al., 2000 143 424 33.73  [29.24; 38.45] 3.0% k3
Rudkowska et al., 2013 43 553 7.78 [5.68; 10.33] 3.0% | ]
Thommasen et al., 2004 47 7 6.56 [4.86; 8.62] 3.0%
8662 3293 [25.43; 2] 52.0% <=
< 0.01
Cutoff Used: Yes
Bhattacharyya et al., 2010 154 302 50.99 [45.20;56.76] 3.0% L 3
Calabria et al., 2018 671 2820 2379 [22.23;25.41] 3.0% -}
Campos-outcalt et al., 1995 37 230 16.09 [11.59; 21.49] 2.9% . 3
Clough et al., 2004 38 98 38.78 [29.10; 49.15] 2.9% ——
Delisle et al., 1995 89 299 29.77 [24.64; 35.30] 3.0% . 3
Dubé et al., 2015 200 3043 6.57 [6.72; 7.51] 3.0%
Green et al., 2020 1755 14755 11.89 [11.38;12.43] 3.0%
Harris et al., 2011 691 835 82.75 [80.02; 85.26] 3.0% [ |
Hopkins et al., 2014 1633 3985 40.98 [39.45; 42.52] 3.0%
Howard et al., 2009 141 499 28.26 [24.34; 32.43] 3.0% L ]
Kelly et al., 2019 1313 1859 70.63 [68.50; 72.69] 3.0%
Lee et al., 2006 436 4274 10.20 [9.31;11.15] 3.0%
Mendlein et al., 1997 70 788 8.88 [6.99; 11.09] 3.0%
Proust et al., 2016 17 829 2.05 [ 1.20; 3.26] 2.9%
Redwood et al., 2010 991 3822 2593 [24.55;27.35] 3.0%
Singh et al., 2018 719 2191 32.82 [30.85; 34.83] 3.0%
Random e >ts model 40629 [16.48; 35.9 48.0% <>
eneity: /= 100 =5459.55 (p = 0)
Random effects model 49291 28.90 [22.39; 36.41] 100.0% =
Heterogeneity: /% = 100%, 32, = 6759.16 (p = 0) ! ! ! ' ' '
0 20 40 60 80 100

Residual heterogeneity: 12 = NA%, 7° = NA (p = NA)

Test for subgroup differences: Xf =1.44,df=1(p =0.23) Prevalence (%)

Studies are separated into 2 groups: 1) "cutoff used: no": designating all studies which did not report using an LDL-C cut-off to define hy-
percholesterolemia; and 2) "cutoff used: yes": designating all studies using any LDL-C cutoff to define hypercholesterolemia. Studies are
listed individually by first author's last name and year of publication. Hypercholesterolemia cases, sample size, prevalence rate, 95% Cl, and
study weight with a forest plot is included for each study. Pooled prevalence is reported using a random effects model for each group with
95% Cl and total sample size. The black squares indicate the prevalence, and the size of the squares reflect the relative weighting of each
study. The horizontal lines represent the 95% confidence intervals. LDL-C = low-density lipoprotein cholesterol; Prev = prevalence.
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FIGURE 4 Subgroup Analysis for Prevalence of Hypercholesterolemia
Number of Interaction
Subgroup Studies P-value Random Effects Model Prevalence (%) 95%-Cl
No 8 0.42 B 36.11 [18.12; 59.07]
Yes 26 — 27.05 [20.11; 35.33]
No 18 0.23 — 32.93 [25.43; 41.42]
Yes 16 e 24.95 [16.48; 35.90]
3.4 mmol/L or less <0.01 — = 43.43 [26.07; 62.58]
3.5 mmol/L or greater 8 - 12.60 [7.74; 19.85]
Post-2000 25 0.27 — 31.26 [23.35; 40.44]
Pre-2000 9 — s 22.79 [13.37; 36.07]
Other 10 0.01 —a 39.99 [31.33; 49.33]
North America 24 — s 24.30 [17.09; 33.33]
Rural 13 0.45 — 29.89 [19.63; 42.67]
Mix 11 — 37.08 [25.11; 50.88]
Urban —_— 24.47 [10.63; 46.89]
On-reserve — 29.08 [15.48; 47.85]
Suburban + 7.07 [0.75; 43.22]
[ | I I I T ]
0 10 20 30 40 50 60
Prevalence (%)
The year of publication subgroups were pre-2000 (including the year 2000) and post-2000. The location subgroup consisted of whether the
population was in North America (Canada and the United States) or outside of North America (Australia and New Zealand). Mix location
relative to the city includes studies found to be reporting on both rural and urban populations. Low-density lipoprotein cholesterol levels of
3.4 mmol/L and 3.5 mmol/L are equivalent to 131 mg/dL and 135 mg/dL, respectively. The gray squares represent the prevalence. The lines
represent the 95% confidence intervals. The arrows indicate that the upper margin of the 95% Cl exceeds a value of 60% prevalence.

North America was 24.3% (95% CI: 17.1%-33.3%; range
2.0%-82.8%) (Figure 4). In comparison, the preva-
lence in Indigenous Australian (Aboriginal and Torres
Strait Islander) populations was higher at 40.0%
(95% CI: 31.3%-49.3%; range 15.0%-88.9%). The

search did not yield results for Indigenous groups in
New Zealand. Results were also stratified according to
the location of Indigenous populations relative to
cities. This demonstrated similar prevalence values
regardless of whether the groups were based in
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FIGURE 5 World Map of Included Indigenous Populations

%,

was conducted.

Studies that reported rates of hypercholesterolemia are depicted in red circles and studies that reported elevated low-density lipoprotein
cholesterol are depicted in dark blue circles. Circles are found in the general geographic location that is representative of where the study

urban, suburban, rural, on-reserve, or mixed local-
ities (Figure 4).

META-REGRESSION. We evaluated
explanatory variables affecting the prevalence of hy-

percholesterolemia in the Indigenous populations

potential

using linear regression analyses. Variables that were
assessed include study sample size, the mean popu-
lation age, sex, year of publication, and prevalence of
diabetes (Supplemental Table 5). Regression plots
depict the effect of these variables on treatment
(Supplemental Figure 1). The prevalence of diabetes
had a significant influence (P = 0.022) on the preva-
lence of hypercholesterolemia despite being a poor
predictor of the variance (R?> = 0.00%), which may be
a consequence of the high variability in the data
around the mean. Study sample size (P = 0.23;
R> = 19.61%), the mean population age (P = 0.15;
R? = 0.00%), and proportion of females in the popu-
lation (P = 0.18; R?* = 1.57%) did not significantly
affect the prevalence of hypercholesterolemia in
this analysis.

PUBLICATION BIAS. Publication bias was evaluated
by Egger’s test and by visual inspection of the funnel

plot of logit transformed prevalence plotted against
SE (Supplemental Figure 2). Visual inspection dem-
onstrates possible bias toward larger, higher-powered
studies with no associated asymmetry of logit
transformed prevalence. The wide variation among
higher-powered studies in this plot is consistent
with the substantial between-study heterogeneity
(I? = 99.5%, P <0.001). Egger’s test suggested against
the presence of asymmetry in the funnel plot (bias
estimate = 3.16 + 4.19; P = 0.45).

SENSITIVITY ANALYSES. Sensitivity analyses
(Supplemental Figure 3) demonstrated the robustness
of our results, with no overtly influential single-
studies. Pooled prevalence estimates, when studies
were omitted, fell within the 95% confidence limits of
our primary analysis, and ranged from 27.4% (95% CI:
21.1%-34.8%) to 30.7% (95% CI: 23.9%-38.5%). Trim-
and-fill analysis (Supplemental Figure 4) yielded 1
imputed study; inclusion resulted in a pooled preva-
lence of 27.3% (95% CI: 21.1%-34.6%) under the
random-effects model. Prevalence estimates derived
under the Freeman-Tukey double arcsine trans-
formation did not materially differ from our primary
analysis (Supplemental Figure 5).
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DISCUSSION

We conducted a systematic review and meta-analysis
of hypercholesterolemia in Indigenous populations in
Canada, the United States, Australia, and New Zea-
land. We identified no publication that reported the
prevalence of FH and only 1 that reported the preva-
lence of severe hypercholesterolemia in Indigenous
populations. We found that hypercholesterolemia,
using any definition, was common, affecting ~1 in 3
to 1in 4 or 28.9% of individuals in Indigenous pop-
ulations. The prevalence of hypercholesterolemia was
significantly higher in Indigenous populations in
Australia (40.0%) compared to Indigenous pop-
ulations in North America (24.3%). Through including
studies reporting on elevated LDL-C, we found the
prevalence of LDL-C =3.5 mmol/L (135 mg/dL) to be
12.6%. These findings point to a major knowledge gap
and identify that studies of the prevalence of FH and
severe hypercholesterolemia should be a priority for
future research in collaboration with Indigenous
communities.

The prevalence of hypercholesterolemia in the
general population differs between countries with
reports showing 28.0% in Canada, 31.7% in the United
States, and 32.8% in Australia.®3*3°> The prevalence
of hypercholesterolemia in Indigenous populations of
28.9%, albeit with significant heterogeneity between
studies, is at least as common as in the general pop-
ulation in Canada, the United States, or Australia
(Central Illustration).®3%:35 A limitation is the differing
definitions used, which precludes direct comparison.
The significantly higher rates of hypercholesterole-
mia in Indigenous populations in Australia (40.0%)
compared to Indigenous populations in North Amer-
ica (24.3%) further contribute to the heterogeneity in
overall prevalence. The search did not yield results
for Indigenous groups in New Zealand; however, the
New Zealand Ministry of Health reports 9% of the
Indigenous Maori population have received a diag-
nosis of high cholesterol and/or are prescribed
cholesterol-lowering medication, as compared to 11%
in New Zealand’s European population.3® Rates of
treated dyslipidemia are also significantly higher in
both rural Maori (15.7%) and urban Maori (7.1%)
populations when compared with the general New
Zealand population (2.8%), as well as rates of other
ASCVD risk factors including obesity, diabetes, and
hypertension.>”

Despite the fact LDL-C is an important and prag-
matic marker of hypercholesterolemia and cardio-
vascular risk,?® our results suggest that increased
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levels of LDL-C are not adequately reported for
Indigenous peoples. This may negatively impact risk
assessment and reduction of ASCVD risk in Indige-
populations.
study reporting the prevalence of severe hypercho-
lesterolemia, defined as a LDL-C =5.0 mmol/L
(193 mg/dL),>*° in Inuit populations in Canada, the
United States, and Greenland and found the preva-

nous Our results identified one

lence of severe hypercholesterolemia to be ~1 in 15
people or 6.57%.>% The prevalence of severe hyper-
cholesterolemia in the global population using the
same definition is estimated to be ~1 in 20 or
5.0%.%%*° This suggests that severe hypercholester-
olemia is as common in Indigenous populations as in
the general population. We also examined studies
that reported the prevalence of LDL-C =3.5 mmol/L
(135 mg/dL), as this is a clinically relevant level, cor-
responding to the threshold to initiate statin therapy
in intermediate risk individuals.® We found the
prevalence of LDL-C =3.5 mmol/L (135 mg/dL) to be
12.6% in Indigenous populations. This is comparable
to the prevalence of a LDL-C =3.5 mmol/L (135 mg/dL)
of 14% in non-Indigenous populations,® suggesting
Indigenous peoples experience elevated LDL-C to a
similar degree.

Indigenous populations in Canada, the United
States, Australia, and New Zealand experience
significantly higher rates of chronic diseases,
including cardiovascular diseases, compared to the
countries non-Indigenous populations.>>*"*3 As a
result, guidelines on cardiovascular disease preven-
tion are beginning to recognize Indigenous patients
as a high-risk group and suggest earlier screening for
hypercholesterolemia compared with other co-
horts.>° Our findings of a lack of studies reporting on
the prevalence of severe hypercholesterolemia and
FH in Indigenous patients suggest that lipid screening
in these populations is likely to be underused. There
are also significant disparities in the rates of lipid-
lowering therapy use between ethnic groups, with
ethnic minority populations receiving fewer pre-
scriptions and being less likely to achieve cholesterol
targets.**

Clinical practice guidelines recommend earlier
screening for dyslipidemia in Indigenous individuals
because of the higher risk of ASCVD.> Clinicians
should be aware hypercholesterolemia impacts
Indigenous patients to the same extent it does non-
Indigenous patients, and Indigenous patients
should be screened for hypercholesterolemia, FH,
and severe hypercholesterolemia. At the same time,
our research identifies marked disparities in the
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CENTRAL ILLUSTRATION Hypercholesterolemia and FH in Indigenous Populations
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Comparison of hypercholesterolemia data between Indigenous populations and the general population. There is a clear lack of studies with
Indigenous populations compared to the general population for all types of hypercholesterolemia. Using the limited data available our study
found a prevalence of 28.9% for Indigenous peoples. This compares to hypercholesterolemia rates of 28% in Canada, 31.7% in the United
States, and 32.8% in Australia. There was no familial hypercholesterolemia data found for the Indigenous population. Familial hypercho-
lesterolemia prevalence in the general population is approximately 1 in 310 people. FH = familial hypercholesterolemia.

inclusion of Indigenous populations in research
related to FH. Our findings highlight the need for
additional research, in partnership with Indigenous
communities, to better understand the burden of
hypercholesterolemia in Indigenous populations and
how it contributes to the disproportionate burden of
ASCVD. Including Indigenous patients in registries
and clinical trials related to hypercholesterolemia
may help to improve awareness and optimize
screening and treatment of dyslipidemia in Indige-
nous populations.

STUDY LIMITATIONS. There are limitations to this
study that merit consideration. First, despite our

expansive search efforts, it remains possible
through restrictions in our inclusion criteria (eg,
English language) or screening practices, we may
have failed to identify some relevant studies. This
study focused on Indigenous populations from
Canada, the United States, Australia, and New Zea-
land, and therefore our results cannot be applied
globally, as all Indigenous groups are diverse with
their own history, culture, and experiences which
contribute to the health of their community. This
systematic review was not published on an inter-
national prospective systematic review register;
however, this review followed a strict prespecified
protocol and was conducted in accordance with
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Preferred Reporting Items for Systematic Reviews
and Meta-analysis guidelines. A major limitation
is the lack of a standardized definition for hyper-
cholesterolemia. We attempted to address this by
using  numerical cutoff values, including
LDL-C =3.5 mmol/L (135 mg/dL) as a clinically
relevant threshold. Given the paucity of relevant
data, and to maximize the sample size for analysis,
we decided to include studies containing partici-
pants with cardiovascular disease, chronic kidney
disease, taking cholesterol lowering medication, or
any other administered treatment; further impairing
the generalizability of the results. There was
extreme between-study heterogeneity likely due to
the wide variation in definitions and methodology.
This underscores the important observation that
global Indigenous communities are under-
represented in lipid-related research.

CONCLUSIONS

In summary, we estimate the pooled prevalence of
hypercholesterolemia to be 28.9% in Indigenous
communities in Canada, the United States, Australia,
and New Zealand, making it at least as common as in
the general population. This study represents the first
systematic review and meta-analysis on hypercho-
lesterolemia in Indigenous populations. Future
research is needed, in collaboration with Indigenous
communities, to study the prevalence of hypercho-
lesterolemia, severe hypercholesterolemia, and FH in
Indigenous populations and to optimize the use of
lipid screening and treatment in these groups to
address the disproportionate burden of ASCVD that
affects these communities.
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PERSPECTIVES

Indigenous patients may be less informed as Indigenous-
inclusive lipid research data sets are extremely limited.

TRANSLATIONAL OUTLOOK: Indigenous patients should

Including Indigenous patients in health care registries will

percholesterolemia, which will address the disproportionate
burden of ASCVD in Indigenous populations.
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