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Abstract

Objective: Anemia is an important global health challenge. We investigate

anemia prevalence among Indigenous Shuar of Ecuador to expand our under-

standing of population-level variation, and to test hypotheses about how ane-

mia variation is related to age, sex, and market integration.

Methods: Hemoglobin levels were measured in a total sample of 1650 Shuar

participants (ages 6 months to 86 years) from 46 communities between 2008

and 2017 to compare anemia prevalence across regions characterized by differ-

ent levels of market integration.

Results: Shuar anemia rates among children under 15 years (12.2%), adult

women (10.5%), and adult men (5.3%) were less than half of those previously

documented in other neo-tropical Indigenous populations. Anemia prevalence

did not vary between more traditional and market integrated communities

(OR = 0.47, p = .52). However, anemia was negatively associated with body

mass index (OR = 0.47, p = .002).

Conclusions: Compared to other South American Indigenous populations,

anemia prevalence is relatively low among Shuar of Ecuador and invariant
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with market integration. Understanding this pattern can provide valuable

insights into anemia prevention among at-risk populations.

1 | INTRODUCTION

Anemia is a blood disorder characterized by insuffi-
cient oxygen transport by hemoglobin (Hb) in erythro-
cytes and is commonly defined as Hb levels below age-
and sex-specific cutoffs (WHO, 2011). It afflicts �27%
of people worldwide, 89% of whom live in low- and
middle-income countries (Kassebaum, 2016). Anemia
is associated with negative health outcomes including
fatigue, headaches, poor growth, reproductive disor-
ders, low blood pressure, shortness of breath, reduced
infection resistance, and lower cognitive function
(Kassebaum, 2016). Dietary iron is needed for Hb func-
tion, with iron requirements varying by age, sex, men-
strual cycle status, and reproductive state. Pregnancy
and growth increase iron requirements leading to the
highest rates of anemia in young children and women
(Kassebaum, 2016; Kim, Yetley, & Calvo, 1993). Since
anemia is readily treatable by addressing the underly-
ing causes, the WHO considers this health challenge a
global priority (WHO, 2011).

Anemia prevalence among South American Indige-
nous neotropical populations range from 19% to 100%
in women, 6% to 79% in men, and 39% to 98% in chil-
dren (Table 1). These generally high rates are attrib-
uted to low dietary iron and vitamin intake, blood loss
from intestinal macroparasites, infection with
H. pylori, and inflammation from other infections
(Kassebaum, 2016). Yet, it is unclear how lifestyle
changes within these populations influence anemia
rates. Data from Shuar of Amazonian Ecuador allow
for an analysis of how market integration (MI: the
degree of consumption from and production for a mar-
ket economy; Lu, 2007) affects anemia rates (Liebert
et al., 2013). Most Shuar live in two main regions of the
Morona-Santiago province in Ecuador: the Upano Val-
ley (UV), which has greater access to healthcare facili-
ties and market centers (Liebert et al., 2013; Urlacher
et al., 2016), and Cross-Cutucú (CC), which is more
remote and generally associated with high rates of par-
asitic infection (Cepon-Robins et al., 2014; Gildner
et al., 2016, 2020).

We hypothesize that anemia prevalence will vary
according to MI status, with region serving as a proxy for
MI. Specifically, we hypothesize that CC Shuar will have
higher rates of anemia than UV Shuar. Further, we
expect anemia prevalence will be associated with sex,
age, and body mass index (BMI).

2 | METHOD

2.1 | Participants

Shuar are an Indigenous lowland neotropical population
of �60 000–110 000 individuals. The CC region is more
geographically isolated than the UV region, leading to
differences in MI, lifestyle, economics, and diet (Urlacher
et al., 2016). Traditional cultigens (including manioc,
plantains, sweet potatoes, and yams) remain dietary sta-
ples in both regions. Reliance on foraging, fishing, and
hunting vary but are generally greater in the CC region
(e.g., Liebert et al., 2013; Urlacher et al., 2016). Shuar
exhibit high rates of stunting and infectious disease bur-
den but with complex inter- and intra-regional variation
in prevalence (e.g., Blackwell, Pryor, Pozo, Tiwia, &
Sugiyama, 2009; Gildner et al., 2016, 2020; Urlacher
et al., 2018). Helminth infection rates of whipworm and
roundworm are high (Cepon-Robins et al., 2014; Gildner
et al., 2016, 2020).

Data were collected across nine field seasons from
August 2008 through November 2017, as a part of the
Shuar Health and Life History Project (shuarproject.org).
Participants included 1650 Shuar (746 men, 904 women
[26 pregnant]) ranging in age from 6 months to 86 years
(M = 19.20, SD = 16.73), including 1062 participants
from 29 UV communities (464 men, 598 women), and
588 participants from 17 CC communities (282 men,
306 women). In instances of repeat Hb measures, only
the visit with the most recent Hb measurement was used
in the analysis; thus, only one measurement was
included per individual. Adults provided informed con-
sent to participate. Parental consent and child assent
were obtained for children and adolescents <15 years
old, the legal age of consent in Ecuador. The study was
approved by the IRB of the University of Oregon, by com-
munity leaders upon community consensus, and by the
Federacíon Interprovincial de Centros Shuar.

2.2 | Measures

2.2.1 | Predictor variables

Age, height, and weight data were collected as described
in detail elsewhere (Liebert et al., 2013; Urlacher
et al., 2016). BMI was calculated using standard methods
(weight [kg]/height [m]2).
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2.2.2 | Hemoglobin

A finger prick with a sterile, disposable lancet was used
to collect one drop (�10 μl) of whole capillary blood into
a microcuvette and analyzed using a HemoCue Hb201+
analyzer (HemoCue AB, Cypress, CA). No daily smokers
were in the sample; therefore, Hb levels were only
adjusted for minor variation in altitude between commu-
nities (WHO, 2011).

2.2.3 | Anemia

Anemia prevalence was evaluated according to
WHO (2011) standard cutoff levels for defined anemia
groups: children under 5 years, 5–11 years, and
12–14 years; nonpregnant women; pregnant women; and
men aged 15 years or older.

2.2.4 | Statistics

Binary logistic regressions with mixed effects were per-
formed to predict anemia from region, sex, and BMI;
each predictor was entered into individual models. For
analyses between anemia and region and anemia and
BMI, sex, age, pregnancy status, and year of data collec-
tion were controlled for by including WHO defined ane-
mia groups (WHO, 2011) and year of data collection as
random intercepts. For analyses between anemia and
sex, juveniles and adults were analyzed separately, preg-
nancy was included as a fixed effect for adults, and com-
munity and year of data collection were included as
random intercepts. A binary logistic generalized additive
regression was performed to predict anemia from thin
plate splines fit to age using REML, while controlling for
community, year of data collection, sex, and pregnancy
status. Analyses were conducted in R 3.6.1 with α = .05.
All statistical assumptions were met before analysis.

3 | RESULTS

Based on WHO (2011) criteria, anemia rates among most
Shuar age- and sex-groups identified in this study are
considered of mild public health significance (Table 2).
Anemia prevalence for children under 15 years (12.2%),
adult women (10.5%), and adult men (5.3%) were less
than half that of the next lowest neo-tropical Indigenous
comparator (Tsimane; Table 1). Analyses showed that
anemia rates did not differ significantly by region
(OR = 0.47, p = .52).

In participants under 15 years, anemia prevalence
was higher in boys than girls (13.9% and 10.5%, respec-
tively), but the difference was not significant (OR = 0.41,
p = .09). However, controlling for pregnancy, adult
women ≥15 years had higher rates of anemia (11.8%)
than adult men (5.6%; OR = 0.69, p = .01). Anemia risk
was significantly associated with age, with rates highest
among the youngest and oldest participants (edf = 4.73,
p < .001; Figure S1). Finally, participants with higher
BMI levels had lower prevalence of anemia
(OR = 0.47, p = .002).

4 | DISCUSSION

Anemia prevalence among Shuar is generally low com-
pared to other South American populations and compa-
rable to levels in high-income countries (Kassebaum,
2016). Furthermore, there was no difference in anemia
prevalence between UV and CC Shuar. Yet, BMI was
negatively associated with anemia, suggesting that life-
style (e.g., diet) might influence anemia rates, despite the
lack of regional differences (Liebert et al., 2013). The low
rate of anemia is surprising given that Shuar have a rela-
tively heavy parasitic and infectious disease burden
(Cepon-Robins et al., 2014; Gildner et al., 2016, 2020),
severe enough to cause growth faltering in children
(Urlacher et al., 2018). However, parasitic species known

TABLE 2 Shuar anemia prevalence and hemoglobin levels by WHO age/sex criteria

Shuar age class n
Hb M
(mg/dl)

Hb SD
(mg/dl)

Mild
anemia (%)

Moderate
anemia (%)

Severe
anemia (%)

Anemia
prevalence (%)

Children (0–4 yrs) 127 11.75 1.03 15.7 4.7 0.0 20.4

Children (5–11 yrs) 653 12.61 1.00 6.1 4.7 0.0 10.9

Children (12–14 yrs) 164 13.30 1.44 6.7 3.7 0.6 11.0

Nonpregnant Women (≥15 yrs) 382 13.31 1.33 6.2 3.7 0.5 10.5

Pregnant women (>15 yrs) 26 12.10 1.06 7.7 3.8 0.0 11.5

Men (≥15 yrs) 265 15.08 1.36 3.4 1.5 0.4 5.3

Note: The hemoglobin (Hb) cutoff values for anemia, mild anemia, moderate anemia, severe anemia, and anemia cutoff values were determined by current

World Health Organization guidelines (WHO, 2011).
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to contribute most heavily to anemia (e.g., hookworm;
Kassebaum, 2016) do not appear to be common in this
population (Cepon-Robins et al., 2014; Gildner
et al., 2020).

The low rates of anemia among Shuar and lack of
regional differences may be due to a variety of factors.
Traditional Shuar diet includes iron-rich fish and hunted
game, but consumption varies between and within com-
munities. Common staples (e.g., plantains, sweet pota-
toes, yams) also contain some non-heme iron. Wheat and
corn, which inhibit iron absorption and limit bioavail-
ability, are rarely consumed (Liebert et al., 2013). In
Ecuador, the National Food Nutrition Program (PANN,
2000) for children 6–24 months includes iron fortifica-
tion, which reduces anemia (Lutter et al., 2008), yet
implementation appears uneven across Shuar communi-
ties and Shuar have lower anemia prevalence than
Ecuadorians in general (Sackey, Weigel, &
Armijos, 2003). Low levels of malaria could also be a con-
tributing factor as the UV is generally above the malarial
zone and endemic malaria in CC was reduced through
control efforts.

Anemia prevalence among the Shuar is comparable
to Europeans, Canadians, and Australians, and lower
than Ecuador overall and other South American Indige-
nous populations (Coa and Ochoa, 2009; Le, 2016; Sackey
et al., 2003; Stevens et al., 2013). These findings suggest
that subsistence-based lifestyles are not always associated
with high rates of anemia. For example, CC and UV ane-
mia rates were similar despite UV Shuar generally
exhibiting higher MI, including access to healthcare
infrastructure and market centers, and CC having greater
reliance on fish and game (Liebert et al., 2013; Urlacher
et al., 2016). Future research will consider the relative
contributions of dietary factors, infection rates, and infra-
structure as contributors to the relatively low anemia
prevalence among Shuar. The low prevalence of anemia
and similarity between regions are unexpected findings:
understanding these results could identify key factors
that can be targeted to reduce high anemia rates among
at-risk populations and to maintain low anemia preva-
lence among the Shuar as integration into the market
economy accelerates.
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