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Abstract

The frequency of overweight and obesity among North American Indian children and youth exceeds
that of other ethnic groups in the United States. This observation is based on studies using body mass
index as the primary measure of overweight and obesity. In the mid-20th century, there were regional
differences among North American Indian groups in sub-adults’ size and shape and only a few
Southwestern groups were characterized by high rates of overweight and obesity. In most populations,
the high prevalence of overweight and obesity developed in the last decades of the 20th century.
Childhood obesity may begin early in life as many studies report higher birth weights and greater
weight-for-height in the preschool years. Contributing factors include higher maternal weights, a
nutritional transition from locally caught or raised foods to store bought items, psychosocial stress
associated with threats to cultural identity and national sovereignty, and exposure to obesogenic
pollutants, all associated to some degree with poverty. Obesity is part of the profile of poor health
among Native Americans in the US and Canada, and contributes to woefully high rates of diabetes,
cardiovascular disease, and early mortality. Interventions that are culturally appropriate are needed to
reduce weights at all points in the lifespan.

INTRODUCTION

As high as the rates of overweight and obesity are in the non-Native US population, the rates are even
higher among Native Americans (Centers for Disease Control and Prevention, 2004, 2011; Indian
Health Service, 1998, 2002; Ogden et al., 2002, 2003; Story et al., 1999, 2003). In communities
surveyed by the Racial and Ethnic Approaches to Community Health (REACH) 2010 Risk Factor
Survey, more than one-third of US Native American men and women are obese whereas approximately
one-fifth of adults were obese on the national level.
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Even before the national trend in pediatric obesity was clear, many findings indicated that Native
American children were stockier than other US children, placing them in higher weight percentiles than
height percentiles of the US reference values. Although this stockiness varies with age and to some
degree with region, the prevalence of overweight and obesity is now widespread in Native American
youth (Caballero et al., 2003; Eisenmann et al., 2000; Hanley et al., 2000; Story et al., 1999, 2003;
Zephier et al., 2006). The basis for this conclusion is the data on weight-for-height, usually described
as BMI (body mass index, defined as weight in kilograms/height in meters squared). Data on skinfold
thickness and other indicators of body composition are very sparse and insufficient to describe
characteristic patterns of Native American children and youth as a population. A few studies provide
information on the contribution of adipose tissue components to the pattern of overweight and obesity
evident from the more prevalent BMI data. Nevertheless, the Native American population of North
America is extremely diverse, occupying a wide range of climates, ecological zones, and varying in
degree of acculturation or integration with mainstream US and Canadian society. Generalizations about
this diverse population are provided with caution.

This review and analysis has organized information by age group to employ a life course approach to
the development of overweight and obesity, and by year when the children were measured to provide
some sense of secular change. We further organize the information on school age youth by ecological
area because growth patterns of North American Native American children and youth have varied
significantly among ecological zones (Schell et al., 2006). In general, we emphasize studies of larger
samples and of peoples who have been studied several times (Fig. 1).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F1/
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Fig. 1

Areas where studies referenced in the text were conducted.

We employ the BMI cutoffs employed by the Centers for Disease Control and Prevention (CDC) to
distinguish between conditions of overweight and obesity in children, but adopt the more commonly
used labels. Overweight is defined as having a weight-for-height equal to, or greater than the 85th
percentile but less than the 95th percentile of National Center for Health Statistics (NCHS) reference
population. Obese is defined as a weight-for-height greater than or equal to the 95th percentile of the
NCHS reference population (Flegal et al., 2004; Ogden et al., 2003). Some studies report measures of
overweight and obesity differently and we identify those departures from the standard definitions when
necessary.

Our concentration is on North American Indian populations. Because of the fluid terminology used in
studies of American Indians over the past century, some terminological clarification is required.
Several terms are used in studies that include American Indians. The most common are Native
Americans, Aboriginals, First Nations Peoples, and indigenous peoples. These four terms can include
Aleut and Inuit (formerly known as Eskimo) peoples, the Canadian Metis people as well as American
Indians. The term American Indian is narrower and does not include Aleut, Inuit or Metis. As much as
possible we seek to distinguish results that pertain to Native Americans (Indians, Metis, Aleut, Inuit)
from those pertaining specifically to American Indians, but in order to be as accurate as the authors of

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F1/
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the reports we cite, we have to use the terms used by those authors. Thus, descriptions of Native
Americans could refer to American Indians and the other groups, but description of American Indians
does not include the other groups. When the term Native American is used, we try as much as possible
to indicate which groups in addition to American Indians are included.

BIRTH SIZE

While the path to obesity begins before birth, the earliest physical measurements of that path are made
at birth. Data on weight at birth of American Indians come from numerous studies and demonstrate
much variation. An early and very comprehensive report used data from births between July 1964 and
June 1969 recorded by the US Public Health Service and obtained from the Health Records Branch of
the Division of Indian Health. Mean birth weights were presented by tribe within nine linguistic groups
using data from 37,435 infants (the frequencies of LBW (low birth weight, a birth weight less than
2,500 g) or HBW (high birth weight, a birth weight of 4,000 g or more) were not reported) (Adams and
Niswander, 1973). Overall, means were substantially greater than those of non-Native comparison
groups. The range of American Indian means across tribes was 3.19 through 3.60 kg for boys and 3.09
to 3.48 kg for girls. Since this comprehensive report was published more than 50 years ago, other
studies have reported distributions that are similar to those of White Americans while others support
the conclusion that American Indian and Alaskan Native birth weight distribution are shifted higher
with higher rates of HBW and fewer or similar rates of LBW (Table 1) (Armstrong et al., 1998; Dyck
and Tan, 1995; Indian Health Service, 1997; Luo et al., 2004; Martin et al., 2011; Munroe et al., 1984;
Thomson, 1990; Vanlandingham et al., 1988; Ventura et al., 1998). A striking example is the Canadian
Cree. Of more than 2,000 births between 1994 and 2000, the rate of LBW was 2.4% while the rate of
HBW was 36.5% (Willows et al., 2011). Overall, births to American Indians vary over time, by region
and by degree of rural isolation.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/table/T1/
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TABLE 1

Birth size of American Indians

Tribal name or location n
When

measured LBW% HBW%

Northern Saskatchewan predominantly First Nations 10,709 1975–1988 16.3

Native Americans from six states (Alaska, Arizona, Montana,
New Mexico, North Dakota, South Dakota)

15,559 1980 5.7 9.9

British Columbia First Nations 4723 1982–1986 5.8 15.9

James Bay Cree 2718 1985–1995 2.3 36.1

Cree 2127 Jan 1994 to
Dec 2000

2.4 36.5

United States (American Indian or Alaska Native) 100,016 1994–1996 6.7 12.7

United States (American Indian only) 37,880 1996 6.5 12.3

United States (American Indian or Alaska Native) 48,665 2009 7.3 9.7

Comparision: US Whites 3,173,293 2009 7.1 8.5

Dyck and Tan, 1995.
Vanlandingham et al., 1988.
Thomson, 1990.
Armstrong et al., 1998.
Willows et al., 2011.
Indian Health Service, 1997.
Ventura et al., 1998.
Martin et al., 2011.

Size at birth among northern tribes tends to be larger than that of non-Native comparison groups
(Adams and Niswander, 1967; Caulfield et al., 1998; Moffatt, 1984), and lower birth weights are
associated with tribes living in the Southwest: Apache and Navajo, Uto-Aztecans, Zuni, and Tanoan
and Keresan (Adams and Niswander, 1968; Adams et al., 1970). The exceptions to this generalization
are the Pima, Papago and Mohave who are southwestern and had large mean birth weights (Adams et
al., 1970).

More recent reports indicate that the north/south dichotomy may no longer be so clear. Among
Saskatchewan American Indian births in the early 1980s, the LBW rate was 6.5 per 1,000 among the
American Indian sample, somewhat higher than the rate of 5.2 per 1,000 for the rest of the provincial
population (Edouard et al., 1991). In upstate NY, American Indian births recorded from 1980 to 1986,
followed a distribution similar to that of upstate white births despite the presence in the American
Indian mothers of several important risk factors for poor prenatal growth (Buck et al., 1992). Among a
selected sample of southwestern area Mescalero Apache children, only 0.3% were LBW.

More recent analyses demonstrate the role of confounding factors on the wide distribution of American
Indian births. After adjusting birth weight for such factors, the rate of LBW appears lower among US
American Indian and Alaskan Native births occurring between 1985 and 1997 (Baldwin et al., 2009).
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Similarly, in a small sample of Canadian Indian births, there was a greater rate of LBW before
adjustment for confounders but after adjustment the distribution was more contracted and those rates
did not differ (Wenman et al., 2004).

In 1990, birth weights greater than 4,000 g were present in 12.9% of births to US American Indian
mothers compared with 10.9% of births to other mothers in the US (National Center for Health
Statistics, 1993). Among live births reported between 1994 and 1996, only 6.7% were of LBW; HBW
births are relatively more frequent: 12.7% of reported live births were of high birth weight as compared
to 10.3% of all races in the US (Indian Health Service, 1997). In 2009, 9.6% of births to American
Indians or Alaskan Natives were high birth weight (Martin et al., 2011) (It is possible that the inclusion
of Alaskan Natives affects the comparability of the more recent figures with earlier ones on American
Indians alone). American Indian births in the US (1995–2001) displayed a wider distribution than those
of non-Hispanic whites with significantly higher rates of LBW (5.8 vs. 4.9%) and preterm delivery
(11.0 vs. 8.3%) (Alexander et al., 2008). Residence may play a role. Ages and educational attainments
of US American Indian mothers vary by region (Alexander et al., 2008). American Indian births in
rural, isolated areas of Canada were less likely to be pre-term or LBW compared to urban American
Indian births (Luo et al., 2010). American Indian births in counties with a reservation demonstrated
lower rates of VLBW (very low birth weight, a birth weight less than 1500g) compared to American
Indian births in counties without a reservation suggesting that reporting bias by locale plays a role in
the rates (Heck et al., 1999), or that risk factors for poor outcomes are more severe in non-reservation
counties. Overall, US Native Americans display higher rates of several risk factors for poor birth
outcomes including young maternal age (Martin et al., 2011; Ventura et al., 1998).

In summary, distributions of American Indian births are quite variable, with many displaying high rates
of LBW and, or HBW. Adjustment for risk factors may contract the distributions. The risk factors
themselves, low maternal age, smoking, late onset of prenatal care, high maternal BMI, diabetes, and
others, are themselves often seen as risk factors for poor outcomes including childhood overweight and
obesity (Adams et al., 2005). This suggests that the life-course towards obesity in American Indian
children is begun in the prenatal period. The tendency for American Indian mothers to have large
babies may signal the presence of obesogenic influences operating during gestation and signal a
trajectory towards later overweight and obesity.

PRESCHOOL CHILDREN

Studies in the 1960s illustrated two major health issues affecting American Indian preschool children:
dietary deficiencies leading to growth retardation and significant underweight (Owen et al., 1969;
Reisinger et al., 1972; Story et al., 1998; Van Duzen et al., 1969), with growth rates reported to be well
below the national reference at the time. Findings from data obtained in the 1960s showed that an
American Indian preschool child, on average, had lower weight-for-height than the average US child of
the same age and sex (Table 2). In a small survey of Navajo preschoolers, approximately one-third had
reported weights that did not exceed the third percentile, and among Apache preschoolers in Arizona, a
large proportion of the children had heights and weights below the 10th percentile (40 and 18%,
respectively). Fortunately, through improved health care and increased food availability beginning in
the 1970s, problems of underweight and growth retardation have diminished noticeably for the
majority of American Indian preschool children.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/table/T2/
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TABLE 2

Selected studies describing the prevalence of at risk for overweight and overweight among
Native American youth
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Open in a separate window

Weight-for-height > 95th percentile NCHS reference population (obese).
NHANES III reference population (age- and sex-specific BMI).
CDC 2000 reference population (age- and sex-specific BMI).
NHANES II reference population (age- and sex-specific BMI).
Weight-for-age ≥ 95th percentile NCHS reference population.
NHANES I 90th percentile used to define overweight.
BMI ≥ 95% NHANES I reference population.
NHANES I reference population (age- and sex-specific BMI).

Population
Age

(years) Year

Percentage > 85th
percentile

Percentage > 95th
percentile

Total Males Females Total Males Females

Preschool children

CDC PedNSS data (Broussard et al.,
1991)

<5 1988 – – – 11.2 – –

Mescalero Apache, NM (Gallaher et
al., 1991)

1–5 1988 – – – 19.5 – –

Mescalero Apache, NM (Hauck et
al., 1992)

1–5 1988 – – – 17.9 – –

Southwest tribe, AZ (Freedman et
al., 1992)

1–4 1990 – – – 12.0 – –

Sandy Lake Oji-Cree (Hanley et al.,
2000)

2–5 1994 – 34.6 45.2 – – –

CDC 1999 PedNSS data (CDC,
2001)

2–5 1999 29.3 13.7

Pima Indians, Gila River AZ
(Lindsay et al., 2002)

1–48
mo

1990–
2000

– – – – – –

American Indians, WI (Adams et al.,
2005)

3 1997–
2001

18.7 22.2

Okalohoma City Indian Clinic
(Stern et al., 2007)

2–5 1995–
2000

– 41.5 33.3 – – –

Nationally representative
sample/early childhood longitudinal
study

4 2005 – – – 31.2 37.0 25.8

CDC 2008 PedNSS data (Polhamus,
2009)

2–5 20.4 20.2

CDC 2010 PedNSS data (CDC,
2011)

2–5 20.1 21.1

First Nations and Inuit youth,
Canada (MacMillan et al., 2010)

0–5 1996–
1997

3.4

Pine Ridge Reservation, SD (Hearst
et al., 2011)

3–5 1998–
2002

48.9 – – 21.3 – –

School-age children
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International reference proposed by the IOTF (Cole et al., 2000).
Diagnosed with Type I diabetes.
Diagnosed with Type II diabetes.
Overweight/obesity at post-peak height velocity.

Conversely, a rapid increase in overweight and obesity emerged some 20 years ago as a major public
health concern among young children of Native American communities. Findings from the CDC
Pediatric Nutrition Surveillance System for Native Americans in 1987 show high rates of obesity
(11.2%) among all Native American children 0–4 years of age participating in public health programs
with nearly 15% of the 1-year-olds determined to be obese (Broussard et al., 1991). Among Mescalero
Apache preschool children measured in 1987 or 1988, nearly 20% were overweight (Gallaher et al.,
1991). Similarly, a study of Navajo children less than 2 years of age reported mean BMI that were from
9.1 to 24.4 percentiles above the NCHS/CDC age-specific means (Peck et al., 1987).

Studies of American Indian children conducted since 2000 demonstrate that the average American
Indian preschooler is clearly at greater risk for overweight and obesity compared to other preschoolers
in the US (Anderson and Whitaker, 2009; Hanley et al., 2000; Harvey-Berino and Rourke, 2003;
Hearst et al., 2011; Story et al., 2003; Willows et al., 2007). Prevalence of obesity among American
Indian preschoolers (31.2%) was found to be significantly higher when compared to other racial/ethnic
groups, especially non-Hispanic White or Asian children (12.8%) (Anderson and Whitaker, 2009). Of
the 252 3-year-old American Indian children examined in Wisconsin 22.2% were classified as obese
and 19% as overweight (Adams et al., 2005). Forty-nine percent of American Indian children between
3 and 5 years of age living on reserves in South Dakota were reported to be overweight, and 21.3%
obese (Hearst et al., 2011). In the Sandy Lake Oji-Cree Native Canadian community, the percent of
pre-school children with a BMI ≥ 85th percentile was 34.6% in boys (n = 78) and 45.2% in girls (n =
62), significantly higher in comparison to the corresponding age and sex category of National Health
and Nutrition Examination Study III (NHANES III) population (Hanley et al., 2000). Additionally,
very early rapid weight gain may be an early signal of developing obesity. A longitudinal study of Pima
preschoolers showed that the most marked weight gain in comparison to US reference values occurred
in the first 6 months of life and then between 2 and 11 years there was a steady increase in excessive
weight gain (Lindsay et al., 2002). Thus, when compared to other children in the US, some American
Indian children gain weight at a higher rate before 2 years of age (Lindsay et al., 2002; Salbe et al.,
2002b).

Figure 2 indicates that preschoolers measured earlier had lower frequencies of overweight and obesity
than those measured more recently. The trend over the last 20 years does not portend an end to the
epidemic among American Indians. Whereas obesity rates of 2- to 5-year-old preschool children have
remained relatively stable since the early 2000s among all other racial and ethnic groups, Native
Americans have experienced a 30% increase in the prevalence of obesity between 2001 and 2011 (
Fig. 2) (Polhamus et al., 2009).
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Fig. 2

Prevalence of obesity trends among 2- to 5-year olds, by race/ethnicity.

Conclusions from many studies conducted in the last 20 years indicate that overweight and obesity
begins at the youngest ages among American Indian children. Health care providers should begin
obesity prevention at the earliest age possible, and should examine the economic, social, and cultural
context of overweight and obesity within the Native American populations (Flegal, 1999; Young,
1996).

SCHOOL-AGED CHILDREN

A review of research on growth and development of North American Native Americans covering the
20th century concluded that Native American school-aged children and youth are in general stockier
than their non-Native age and sex peers, as judged by their weights and heights relative to US
population reference values (Schell et al., 2006). Furthermore, relying more on studies conducted in the
mid-20th century before the epidemic of overweight gained momentum, certain regularities were
apparent. Papago children and youth were among the stockiest of all North American Indians. Among
males, groups living in the northern areas (the Nootka, Chilcotin, Mohawk, and Alaskan Athabascans)
were next, followed by Plains area peoples (the Sioux, Gros Ventres, and Assiniboine). Lighter weights
were found among the southwestern groups (excepting the Papago and Pima), the Navajo and the
Apache who displayed the lowest weights-for-height of all. The same ordering existed among females
(Schell et al., 2006).

Since the mid-20th century, rates of overweight and obesity among school-aged Native American
children have risen dramatically, raising the question whether the regional differences in size seen
earlier have lessened as the obesity epidemic has spread. Findings from studies conducted in the 21st

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3514018_nihms418223f2.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F2/
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century show an even greater excess of overweight and obesity among Native American youth relative
to the general US population (Hearst et al., 2011; Jollie-Trottier et al., 2009; Khalil et al., 2010;
MacMillan et al., 2010; Madsen et al., 2010; Shields, 2005; Zephier et al., 2006). Several large surveys
in the 1980s and 1990s reported the high prevalence of overweight and obesity among Native
American school children (Broussard et al., 1991, 1995; Jackson, 1993; Story et al., 1999; Zephier et
al., 1999), summarizing the higher relative fatness than their non-Native peers. The first large survey (n
= 9,000) seeking to characterize all Native American youth between the ages of 5 and 18 years was
conducted in 1990, and reported that Native American youth had significantly higher BMIs, for every
age and sex, when compared to NHANES II data and Hispanic Health and Nutrition Examination
Survey-ME (HHANES-Mexican American subsample of) data (39.3 and 28.6%, respectively)
(Jackson, 1993). A compilation of results from studies reporting the frequency of BMI in the
overweight and obese ranges (Table 2) shows how common these two conditions are among Native
American children and youth. Further, the rates appear to have increased noticeably over the past 20
years although differences in age ranges, origin of the sample, and reporting technique hinder
comparison.

AMERICAN PLAINS

American Indians of the Plains states are among the most storied and studied groups. One of the
earliest investigations to measure weight was of the Sioux in 1911 (Wissler, 1911) (Children of known
European/Indian parentage were reported separately). These weight data may be compared to Sioux
children measured by Ship (1964). Over this 50+ year period heights increased only 3.5 cm on average
while weights increased by 3.54 kg on average. BMI increased accordingly. There was little change in
the pre-adolescent period but a substantial increase in adolescence (Fig. 3).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/table/T2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F3/
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Fig. 3

Changes in BMI among US Sioux from 1911 to 1964.

Recent, well-designed studies show a continuation of this trend of increasing weight. A large study,
conducted in 1995–1996, measured over 12,000 Aberdeen area children 5 to 17 years of age from 16
different tribes (includes tribes in North Dakota, South Dakota, Nebraska, and Iowa) reported that the
prevalence for overweight was 2.5 times higher relative to gender and age specific national data from
NHANES II (Zephier et al., 1999). Obesity prevalence in this cohort was nearly three times that of the
reference population among females, and approximately five times the expected prevalence among
males at 16 and 17 years of age. Additionally, a subsequent project followed children from the same
Aberdeen area (n = 12,000) in 2002–2003 was conducted to evaluate any changes in the prevalence of
overweight and obesity among school-aged children. By the age of 5 years 24% of the children were

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3514018_nihms418223f3.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F3/
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obese, and 44% overweight, exceeding at nearly every age the prevalence among US children of the
same age and sex (Zephier et al., 2006). The prevalence of overweight and obesity was increased by
4.5 and 4.3% in the 7 years between studies.

A study of over 4,000 American Indian children attending school on a South Dakota reservation
reported that nearly 46% of all children 3- to 19-year old were overweight, and over 24% obese, with
the highest prevalence for overweight and obesity between the ages of 12–14 years (48.4 and 28.9%,
respectively) (Hearst et al., 2011). These extensive surveys indicate clearly a marked increase in the
prevalence of overweight and obesity over a fairly short period.

Anthropometric measurements and rates of obesity were examined among a sample of Cherokee youth
(13–16 years) in the early 1980s (Story et al., 1986). The prevalence of obesity was based on triceps
skinfold thicknesses. According to the criterion set forth by Seltzer and Mayer, obesity among the
Cherokee youth was high: overall, 38% of the Cherokee youth were obese (51% boys; 25% girls)
(Story et al., 1986).

Thirty-three percent of Northern Plains children (8–12 years) were found to be obese and 20%
overweight (Jollie-Trottier et al., 2009). A retrospective study conducted within a small group (n = 100)
of urban Oklahoma City American Indian children (2–12 years) concluded that by the age of 12 years,
60% of the children were overweight or obese, and males demonstrated an earlier onset of excess
weight compared to females (Stern et al., 2007). Wind River Indian Reservation children in 3rd to 8th
grade were measured in order to examine changes in measurements of BMI during school vacation
time. The reported findings established that the combined rates of overweight and obesity (62% for
boys, and nearly 60% for girls) substantially exceeded national estimates (Smith et al., 2009).

Urbanization is another factor that may influence weight-for-height among Great Plains American
Indian youth. Self-identified Ojibway adolescents from an urban/metropolitan area of Minnesota were
measured as part of Project EAT, and measurements were compared to those of the Caucasian children
in the study. Significantly higher rates of overweight and obesity were found among the American
Indian teenagers: 43% of the boys were overweight and 23% obese and the prevalence for overweight
and obesity among the girls was 39 and 21%, respectively (DeLong et al., 2008). Among urban
Anishinaabe children (Minneapolis, MN) between the ages of 5–18 years, 63% were either overweight
or obese using BMI cutoffs set forth by the CDC (Gray and Smith, 2003).

Whether residing in an urban or rural environment, these studies indicate that a higher percentage of
American Indian children from the Great Plains area of the US are overweight or obese when
compared to non-Native children. In fact, these prevalence rates are continuing to increase as
demonstrated by the larger surveys.

CANADIAN PLAINS AND WOODLANDS

Several studies in the past 10 years have indicated increasing temporal trends in obesity and overweight
among First Nation and Aboriginal children and youth of Canada (Hanley et al., 2000; Katzmarzyk,
2002, 2007; Khalil et al., 2010; Tremblay et al., 2002; Young, 2007; Young et al., 2000). In a sample of
over nearly 1,800 children (1st Nation, Metis, Inuit, and non-Aboriginals) between the ages of 2 and 17
years, the prevalence of obesity was substantially higher among Aboriginal children (15.8%) than non-
Aboriginals (8%) (Katzmarzyk, 2007). A project assessing the physical and emotional well-being of
on-reserve Aboriginal youth, combined data from nine surveys conducted in 1996–1997, and reported
that over 6% of children aged 6–11 years and 10% of those 12 years and up were overweight
(MacMillan et al., 2010). Among 6- to 9-year-old Sandy Lake Oji-Cree children of central Canada,
prevalence of overweight was generally similar between boys and girls (30%), yet significantly higher
when compared to the NHANES III reference population (Hanley et al., 2000). The prevalence of
overweight remains consistently higher among Oji-Cree girls in comparison to their male peers
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between the ages of 10–14 (32 vs. 24%) and 15–19 years (27 vs. 19%) (Hanley et al., 2000). Further
north in Manitoba, nearly two-thirds of Ojibwa-Cree school children (4–19 years) of the St. Theresa
Point First Nation measured between 1996 and 1998 were found to have BMIs exceeding the 85th
percentile; of those exceeding the 85th percentile 64% of females and 60% of males were obese
(Young et al., 2000).

A smaller study (n = 416) assessing measures of overall body fatness in 8- to 17-year old Aboriginal
youth found that Aboriginal girls and boys had more total body fat (5.4 and 7.6%, respectively), and
higher trunk fatness (6 and 8.3%, respectively) than non-Aboriginal youth of the same age (Anderson
et al., 2010). On average, Aboriginal girls had a greater prevalence of overweight/obesity pre-, during,
and post-peak height velocity than their non-Aboriginal peers (47.4 vs. 20.8%; 25.6 vs. 19.5%; and 50
vs. 26.2%, respectively).

In the 1990s, a study of Cree school children (4th to 9th grade) in the Sandy Lake Oji-Cree community
defined overweight as a BMI ≥ 90th percentile of an undefined reference population, and found that
38% of the participants were considered overweight (Bernard et al., 1995). Thirty-five percent of Cree
children of Northern Quebec were reported obese by the Cree Board of Health and Social Services
(Ngnie Teta, 2002). More recently, a study of James Bay Cree school-aged children reported that 54%
of 9- to 13-year olds were obese, and the obesity prevalence reached nearly 39% of 14- to 18-year olds
(Khalil et al., 2010).

Living in a more urban environment does not appear to alter these high rates of overweight and obesity.
Among urban Mohawk children of Kahnawake near Montreal, the prevalence of overweight of school-
aged youth reached 29.5% in boys, and 32.8% in girls (Willows, 2005).

Clearly, Canadian American Indian children are experiencing the alarming rise in overweight and
obesity similar to that among other Native Americans and North Americans generally. Young
Aboriginals are experiencing an obesity rate over twice that of the Canadian national average (Shields,
2005).

SOUTHWEST

Of all American Indian groups, those in the southwest have been studied most often allowing
comparison over time of the rates of overweight and obesity (Table 2). Evidence for a high prevalence
of overweight and obesity among many American Indian groups in this region is substantial. Further,
there is substantial evidence that this is a long developing phenomenon. In one of the best controlled
studies of secular trend, Miller measured young Apache men in 1967 whose fathers had been measured
in 1940 (Miller, 1970). The sons averaged 5.9 kg more than their fathers though the sons were only 1.3
cm taller. Since the 1960s, there have been further substantial increases in the weights of youth from
the US southwest.

Findings from studies in the 1980s among older Navajo adolescents (14 to 18 years of age),
demonstrated that 33% of the girls and 25% of the boys were found to be overweight using NHANES
II reference values (Gilbert et al., 1992). Consistent with other earlier reports of Navajo growth status
(Gilbert et al., 1992; Sugarman et al., 1990), results of the Navajo Health and Nutrition Survey found
that the prevalence of overweight (at or above the 85th percentile of NHANES II reference population)
among 12-to 19-year-old Navajo adolescents was 35% in boys and 40% in girls (Freedman et al.,
1997). Results from this study show a median BMI that is ~2 kg/m  higher when compared to the US
reference population of the same age and sex.

In a study from 1997–2000, of over 1,700 7- and 8-year olds from two Apache and Lakota
communities, a Navajo, a Tohono O’odham and a Gila River (Pima-Maricopa) community, nearly 50%
of the children were above the 85th percentile for BMI-for-age (based on NHANES II), and ~29%

2
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were above the 95th percentile; the percentage of children with a BMI above the 95th percentile
fluctuated between 23% (Navajo) to 54% (Pima-Maricopa) in girls and 21% (Navajo) to 49% (Tohono
O’odham) in boys (Caballero et al., 2003).

Among Navajo children, 5–17 years of age, BMIs have increased substantially between 1955 and 1989.
Mean heights among Navajo children increased 6.1% in boys and 4.4% in girls whereas weights
increased 28.8% among boys and 18.7% among girls across all age groups (Sugarman et al., 1990). By
1989, BMIs of Navajo boys exceeded those of the general US population (using reference values from
NHANES I) at all ages by ~1 unit, and girls’ BMIs exceeded the NHANES I values increasingly from
1 unit at age 8 to nearly 4 at age 17 years (Sugarman et al., 1990). A more recent study reported that
Navajo youth under 20 years of age with Type II diabetes had a higher prevalence of obesity (67.7 vs.
12.5%) than those with Type I diabetes (Dabelea et al., 2009).

These results were consistent with recent findings of the Navajo Health and Nutrition Survey
(Eisenmann et al., 2000) that examined children between the ages of 6 and 12 years over a similar
period (1955–1997). Approximately 41% of the Navajo youth had a BMI ≥85th percentile of the
NHANES I reference population. While there was only a small difference in the prevalence of
overweight and obesity among Navajo boys, the younger girls (between 6 and 9 years) had a higher
prevalence of overweight and obesity than the older girls (44 vs. 37%) (Eisenmann et al., 2000).
Furthermore, the authors note a secular increase in BMI between the years 1989 and 1997 that was
equal or greater than the increase between 1955 and 1989. Between 1955 and 1997, BMI had increased
~0.5 units per decade in younger children and 1.0 unit per decade in older children (Eisenmann et al.,
2000).

Using the more recently developed international reference to classify overweight and obesity standards
proposed by the IOTF (International Obesity Task Force) (Cole et al., 2000), ~24% of Hopi children
measured in 1996 and 1997, 6–12 years of age, are overweight and an additional 24% are obese with
age-specific mean BMIs tracking the 85th percentile (Eisenmann et al., 2003). Comparisons of data on
Pima children from the turn of the century to a recent cohort indicate that Pima children at 5 and 10
years of age are now 6 kg heavier at comparable heights (Salbe et al., 2002a,b).

NORTHEAST: THE MOHAWK

One of the most studied American Indian groups is the Mohawk. They are one of the nations of the
Haudenosaunee Confederacy (sometimes referred to as the Iroquois League of Nations). There are
several Mohawk or Kahniakenhaka communities: Kahnawá:ke, Kanehsatake, Ohsweken, Tyendinaga,
Wahta, Kana’tsiohare:ke, Ganienkeh, and Akwesasne. Population size estimates of each community
vary. Mohawk children have been studied several times over a period dating back to 1934 (Helmuth,
1983b) and these studies provide an opportunity to examine within a single population the changes in
size and obesity during the period when the obesity epidemic developed.

The most recent information comes from a study of Akwesasne Mohawk youth (10–16 years of age)
measured between 1996 and 2000 (Gallo et al., 2005). Mean heights closely approximate the 50th
percentile of NCHS reference values at each age. However, mean weights of boys and girls at every
age are significantly greater than the NCHS 50th percentile (Fig. 4a, b). Age specific BMI means of
boys and girls exceed the 50th percentile of the CDC reference population consistently. Nearly 60% of
the youth met or exceed the 85th percentile; the frequency of overweight is 26%: the frequency of
obesity is 33% (Gallo et al., 2005).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F4/
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Fig. 4

(a, b) BMI of Haudenosaunee males measured between 1934 and 2000 with NHANES II 10th, 50th, and
90th percentiles. Citations are found in the text.

Over the 65-year period covered by the studies, the change in weights among males is extraordinary (
Fig. 4a). The earliest study (n = 49) included Mohawk youth, as well some youth from other
Haudenosaunee groups, the Seneca and Cayuga (Helmuth, 1983a). Ten-year old Haudenosaunee boys
measured in 1934 weighed 28.5 kg while same-aged Akwesasne boys measured between 1996 and
2000 weighed 45.5 kg. The 17 kg difference is similar across the entire 10–16 age range. Heights
increased also though not to the same degree.

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3514018_nihms418223f4.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514018/figure/F4/
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As the sample measured in 1934 includes some non-Mohawk youth, a comparison of the two
Akwesasne Mohawk samples may be more exact and informative. Eight- to fourteen-year old boys
measured between 1996 and 2000 are from 11 to 19 kg heavier than their Mohawk age-peers measured
in 1981 (Helmuth, 1983a). The average difference across the age range is 15.4 kg. In contrast, there
was virtually no change in heights over those same 14 years. BMIs increased by 5.5 units on average.
Although the studies were performed by different investigators and one could question the role of
differences in measurement methods between studies, the measurement of weight is subject to very
little inter-observer error. Also, clothing weight is not an issue as the most recent study measured youth
in standard, lightweight clothes.

DISCUSSION

The extremely high prevalence of overweight and obesity among the Mohawk and nearly every other
American Indian group studied recently and described here is hardly the result of changes in
measurement methods, or definitions of overweight or obesity. It is powerfully real and affects the lives
of all American Indians either directly or through friends and family. The very high rates of disability,
productivity losses, and premature death that seem terribly characteristic of American Indian
communities can be traced to this epidemic.

Our conclusions regarding overweight and obesity are based on reports of BMI among many American
Indian groups over time and space. Problems associated with BMI as an indicator of adiposity have
been described and its limitations must be acknowledged (Wells, 2010). Furthermore, as BMI is a
function of weight and height, changes in heights may be influential in creating patterns of BMI.
Evidence is lacking for positive or negative changes in heights during the rise of the obesity epidemic
over the last 2 decades among American Indians suggesting that changes in BMI are largely due to
changes in weight.

There are several explanations for the high frequencies of overweight and obesity among American
Indians in the past and their increasing prevalence. The most common explanation is the nutrition
transition. While the nutrition transition concept is more commonly applied to dietary transitions in less
economically developed countries, there is a clear parallel with many American Indian communities
where poverty, unemployment, and psychosocial stress are too common. Historical and present-day
prejudice, exploitation, and attacks on sovereignty and identity play large roles in the daily lives of
tribal members (Cook, 2011).

Many American Indian communities are changing from consumption of traditional, locally grown or
caught foods to commodities (Compher, 2006; Kuhnlein et al., 2004; Sharma et al., 2009). Store
bought foods are characteristically energy dense but nutritionally weak; fresh fruits and vegetables are
rare in local stores mirroring the food deserts of poor urban neighborhoods. Studies of urban American
Indians conducted 2–4 decades ago reported higher weight for heights in conjunction with more urban
or acculturated diets (Johnston et al., 1978). Similarly, in a study conducted sometime before 1986
(date of data collection not reported), North Carolina Cherokee teenagers, who may have been similar
to the urban samples in terms of dietary acculturation, also display far greater weight for height in
comparison to NCHS reference values (Story et al., 1986). These earlier studies of more acculturated
American Indian groups foreshadowed a trend current in American Indian communities generally as
diets high in fat and energy have become common in most American Indian communities (Downs et
al., 2009; Ho et al., 2008; Khalil et al., 2010; Lytle et al., 2002; Stroehla et al., 2005).

Obesity and overweight among American Indian children and youth may result from the
multigenerational transmission of overweight and obesity. This review found that many studies report
higher weights at birth as well as associations between larger maternal weights, larger birth weights,
and diabetes risk among offspring (Alexander et al., 2008; Baldwin et al., 2009; Caulfield et al., 1998;
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Luo et al., 2004; Wenman et al., 2004). Together these findings suggest multigenerational continuity of
risk. A review of the physical growth and development of American Indian children and youth
concluded that among those measured 25–50 years ago, they were characteristically stocky (Schell et
al., 2005). The children measured then have become the parents of the children described in studies of
the last decade. Mechanisms for the transmission of overweight and obesity include social inheritance
(familial dietary and activity habits) and epigenetic mechanisms.

Finally, there is now considerable evidence that some chemical exposures are associated with
overweight and obesity (Elobeid and Allison, 2008; Elobeid et al., 2010; Karmaus et al., 2009; Mendez
et al., 2011). Although these studies provide correlative evidence, controlled laboratory experiments
prove the concept of causal relationships (Grun and Blumberg, 2009; Grun et al., 2006; Newbold et al.,
2007a, b). The mechanism of action may involve alteration of thyroid economy as lower thyroid
activity is one cause of positive energy balance that contributes to overweight and obesity. Lower
thyroid activity has been found in connection with toxicant exposures, particularly some persistent
organic pollutants (Boas et al., 2009; Crofton, 2008; Jugan et al., 2010; Miller et al., 2009; Pearce and
Braverman, 2009; Schell et al., 2008, 2009).

More often studied in this regard is the connection between certain toxicant exposures and diabetes, a
frequent consequence of overweight and obesity. Studies of human populations have shown clear
associations between measures of exposure to specific persistent organic pollutants and diabetes,
usually Type II (Lee et al., 2006; Park et al., 2009; Uemura et al., 2009).

Toxicant exposures are too common among Native American groups (Donaldson et al., 2010; Garza,
2001; Harada et al., 2005; Zaferatos, 2006). The “ecological footprint” (Rees, 1992) of industrialized
areas includes the distribution of many kinds of wastes to rural areas including the sites of some Native
American communities and of minority communities generally. Further, many remote areas have
become industrialized. A prime example is the Akwesasne (St. Regis) Mohawk Nation, a community
located on the St. Lawrence River and downstream from industries that developed when the St.
Lawrence River itself was developed in the 1950s. Some of these industries have contaminated local
waterways and the local ecology. The Nation is now downriver from a federal superfund site and two
New York State Superfund sites, designations that testify to the contamination of the local waterways.

Like many Native American communities, the Akwesasne Mohawk have depended on local plants and
animals for their traditional diet. The consumption of local foods to supply traditional diets can be a
healthier approach to food acquisition than use of prepared foods from markets, but the contamination
of the community’s local environment has led to contamination of the local food supply, particularly
local fish (Fitzgerald et al., 1995, 1998, 2004; Lacetti, 1993; Sloan and Jock, 1990). In fact,
consumption of local wildlife is associated with higher levels of persistent polychlorinated biphenyls in
young adults (Schell et al., in press). The community finds itself between two negative, obesogenic
forces: consumption of local foods containing certain toxicants can lead to overweight and obesity as
recent research suggests, yet avoiding such foods and consuming energy dense prepared foods also
elevates risk of overweight and obesity. This is the dietary dilemma (Halpern, 2007; Haman et al.,
2010) of what is a safe food in the modern world that many Native American groups have faced
(Dewailly et al., 1993, 1996; Girard et al., 1996; Harris and Harper, 1997). Now we all do.

CONCLUSION

This review clearly suggests that American Indian youth are affected disproportionately when
compared to other US ethnic/racial groups. The high prevalence of overweight and obesity contribute
to the poor health of many American Indian groups. To remedy this problem, long-term interventions
are necessary. These should be consonant with cultural values, accepted by tribal leaders and supported
by community health care providers. New interventions are sorely needed as ones in place have not
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stemmed the rise in overweight and obesity. Continuing efforts between American Indian health care
providers, medical centers, and universities on a long-term basis can make a lasting difference to this
epidemic. Interventions at many points in the lifecycle may be helpful as overweight and obesity are
multigenerational problems. Thus, interventions among children and youth may promote health in one
generation and additionally contribute to the health of the next and future generations. In many
American Indian communities, goals and actions are evaluated in terms of their benefits for seven
generations in the future. Solving the epidemic of overweight and obesity is essential to safeguard the
future of Native Americans, seven generations on and further.
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