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ABSTRACT
Prevailing infant and toddler feeding practices in an American
Indian community were assessed to explore the feasibility of
improvement by implementation of a maternal education
program. A survey of prevailing nutritional practice was the
basis for design of an instruction program on infant nutrition
for mothers during pregnancy. Follow-up assessments
provided information on feasibility, and requirements for
an effective program. Failure to sustain breast-feeding, low
fruit and vegetable intake, low fiber intake, consumption of
sweetened beverages, low milk consumption and low vitamin
D intake were identified as persisting problems. We conclude
that infant and toddler feeding practices are comparable to
national trends, but suboptimal and conducive to promoting
early obesity and diabetes in a susceptible community. A
successful education-based intervention strategy beginning
in pregnancy appears feasible if psychosocial, environmental,
and economic barriers can be addressed.
INTRODUCTION
High prevalence of obesity has been observed among the
American Indian populations, even at ages 2 to 4 years of age,
since 12 percent of this age group were found to be between the
85th and 95th percentiles.1 At ages 5 and 6 years, children were
more than twice as likely to be above the 95th percentile than
U.S. children,2 and 48.9 percent of 7-year-old school children in
predominantly Indian schools were above the 85th percentile.3
The associated increase in incidence of obesity and diabetes in
children and adolescents,4,5 especially in the American Indian
population including school-age populations,6 is indication for
assessment of causative factors and planning corresponding
prospective intervention.
The study provided the potential to reduce the high
prevalence of diabetes through intervention. Previous
observation of a high prevalence of obesity and dyslipidemia
in school-age children,7 supported the idea that it would be
informative to conduct a nutritional assessment to serve as a
basis for determining prevailing nutritional practices and to use
the information to plan and test the effect of maternal education
beginning in pregnancy.
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METHODS
The surveyed population included toddlers aged 12 to 36
months visiting pediatric local clinics for minor illnesses or
routine health evaluations. Toddlers with tribal affiliation
aged 12 to 36 months, including siblings, were eligible for
recruitment. Recruitment at the health facilities continued until
the study included 100 participants. Subsequently six toddlers
who had eaten at least one meal a day at a daycare institution
were excluded resulting in a final number of 94 participants. All
participants received verbal and written information about the
study, understood that study participation was voluntary, and
were assured of their confidentiality. Each parent or caregiver
gave informed consent approved by the Institutional Review
Boards of the University of Oklahoma Health Sciences Center
and the Oklahoma City Area Indian Health Service and the
participating tribes represented by the Southwest Intertribal
Health Board. The study was conducted from 2006-2008.
The survey was based on methods used by the national
Feeding in Infants and Toddlers Study (FITS Mathematica
Policy Research Inc.).8,9 Nutrient analysis software (FoodWorks,
The Nutrition Company, Long Valley, NJ) was used to analyze
the 24-hour dietary recalls, and has a comprehensive food and
nutrient database including known micro- and macronutrients.
In addition, manual analyses of the types and quantities of
foods eaten were performed for comparison with the most
recent national data. For toddlers who consumed both breast
milk and other forms of milk, the amount of other forms of milk
was subtracted from 600 milliliters to estimate the quantity
of breast milk consumed.10 The amounts of food reported for
the 24-hour dietary recall were approximate estimates from
the interviewees and possible variability of recall among
individuals was recognized.
Description of Intervention:
The study coordinator, a certified lactation specialist, conducted
a class for the pregnant mothers covering the benefits of
breast-feeding, common breastfeeding myths and problemsolving, latching techniques, breast-feeding positions, use of
breast pumps (provided free of charge) and healthy feeding
practices for toddlers. The infants were seen with their mothers
for educational follow-up and support at 2 weeks, 6 weeks, 4
months, 6 months, 9 months, 12 months, 15 months, 18 months
and 24 months and mothers were provided with nutritional
guidance at the visits.
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Maternal Demographics:
The recruited mothers ranged in age from 13 to 39 years (13-18
years 18%, 19-24 years 40%, 25-30 years 23%, 31-35 years
13% and 36-39 years 5%). 40% of the mothers were married
and 60% were unmarried. Maternal education assessment
showed that 13% had graduated from college, 21% had postsecondary education, 42% graduated from High School and
25% had attained the 11th grade or less. Yearly household dollar
income assessment showed that 41% earned < $10,000, 14%
$10,000-14,999, 17% $15,000-24,999, 8% $25,000-34,999,
8% $35,000-$49,999, 8% $50,000-74,999, 1% $75,000-99,999,
3% > $100,000. The distribution of maternal BMI by age was
2% < 18.5, 40% 18.5-24.9, 22% 25-29.9, 30% >30.
RESULTS
Breastfeeding:
The breastfeeding initiation rate was 59%, lower than the
Healthy People 2010 goal of 75%. The breastfeeding duration
rate was 23% at 6 months and 13% at 12 months. According to
the FITS data, the national breastfeeding duration rates at 6 and
12 months are 43% and 7%, respectively; whereas the Healthy
People 2010 goal for the United States is 50% and 25% at 6 and
12 months.
The breast-feeding initiation rate was successfully
increased to 89% in the intervention group compared to the
prevailing rate of 59%. However, it was sustained in only
35% at 6 months and 12% at 12 months. The national Healthy
People 2010 goals for population breastfeeding rates are >75%
for initiation, >50% at 6 months and >25% at 12 months; thus
we exceeded the goal for initiation but not for continuation at
6 and 12 months. Furthermore, there were higher prevailing
rates at 6 and 12 months in the survey, an observation which we
attribute to strong advocacy for breastfeeding by medical staff
at regional health facilities at the time of delivery.
Reasons for early breastfeeding termination were attributed
to lack of social support (15%), low milk flow (14%), latching
problems (10%), work or school-related issues (4%), choosing
not to breast-feed (4%) and a medical condition (2%). The
remaining reasons were categorized as other (10%) and no
response (40%).
Estimated Energy Requirements (EER):
The distribution of the toddlers’ 24-hour caloric intake for age
was compared to the distribution of the normal or estimated
energy requirements for their respective percentiles, each
matched individually for age (Figure 1).
The 5th percentile of energy intake was lower than the 5th
percentile of EERs, 721 kcal and 768 kcal respectively. This is
also true for the 10th percentile, but the caloric intake is more
comparable to normal. However, for the 25th percentile to the
95th percentiles, the caloric intake of the toddlers is above that
of the EERs. The mean toddler caloric intake was 1305 kcal in
the survey and 1176.6 in the intervention cohort compared to
the mean EER of 945 kcal. This is a significant excess in the
amount of calories needed for normal weight gain and growth.
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The maternal education program was not successful in
substantially changing the EER. The mean and median
EER values were less than those for the surveyed toddlers
representing the prevailing intake (Figure 1), indicating partial
success of the intervention, however the values were still higher
than the EER for age.
Figure 1. Normal Estimated Energy Requirements matched
individually with Energy Intakes of Intervention and
Survey groups aged 12 to 36 months for their respective
percentiles for age-appropriate energy intake.

Carbohydrate:
The cohort and survey groups exceeded the estimated average
requirement (EAR) for carbohydrate by 66.8 and 51.2 grams,
and by 36.8 and 32.8 grams for protein. Sweetened beverages
were the most commonly consumed sweet/dessert of the toddler
sample. Among 12 to 14 month-olds, 40% consumed cake, pie,
cookies, or pastry at least once in the 24-hour period. Among
toddlers aged 19 to 24 months, 70% consumed some kind of
sweetened beverage, 30% consumed a carbonated beverage,
and 19% consumed some type of candy. Among toddlers aged
25 to 29 months, 43% consumed at least one salty snack, 86%
consumed at least one sweetened beverage, and 43% consumed
at least one type of dessert or candy in the 24-hour period. The
majority of toddlers from every age group consumed at least
one dessert or sweetened beverage in the 24-hour period. Baby
food desserts were only eaten by a small percentage of 12 to
18 month-olds. Food choices high in sugar persisted despite
education.
Fiber:
Fiber intake was much less than the recommended intake in
the survey group and failed to improve with intervention.
Adequate intake (AI) is used as a reference in place of EAR
for fiber because there is no EAR value for dietary fiber. The
American Indian toddlers consumed 42% of that recommended.
This observation has previously been observed in the national

sample of toddlers who consumed 44% of that recommended.
The fiber content was 38% of recommended compared to 42%
in the survey.
Fat:
High fat meat products such as bacon, hot dogs, sausage and
bologna were frequent items of choice. 60% of 15 to 18 month
old toddlers, 56% of 19 to 24 month olds, and 36% of 12-14
month olds consumed one of these products at least once during
the day of recall. There were 20 servings of fried foods in the
12 to 14 month old toddlers, 80 in the 15 to 18 month olds,
and 26 in the 19 to 24 month olds. The choices often appeared
to be selected for their convenience and low cost, which we
perceived as the most significant barriers to education.
Fat Soluble Vitamins (Figure 2):
The fat soluble vitamin intake in surveyed control and
intervention groups were adequate for vitamin A (96% and
155% of the dietary recommended intake), but were notably
higher in the national Feeding in Infants and Toddlers survey
(330.5%). Deficiency was notable for vitamin D (88% and 79%
of recommended) compared to 174% in the national survey.
Vitamin E intake was also low; 48% and 56.8% of recommended
compared to 100% in the national survey. Vitamin K was only
35% of recommended in the intervention but was not assessed
in the survey.
Figure 1. Percent of the daily recommended intake for the
fat soluble vitamins, A,D,E and K in the intervention and
non-intervention groups.

Vitamins B and C:
Both groups consumed well over the dietary recommended
intake for thiamin, riboflavin, niacin, vitamin B6, folate,
vitamin B12 and vitamin C.
Minerals:
The survey and intervention groups exceeded the dietary
recommended intakes for iron (332 & 160%), zinc (251 &

220%), calcium (130 & 133%), phosphorus (223 & 180%), and
magnesium (218 & 173%) respectively.
DISCUSSION
The concept of conducting a pilot study for assessing and
improving infant and toddler nutrition practices, with the goal
of offsetting the onset of obesity and subsequent diabetes was
supported by abundant information that American Indians
including mothers and their offspring are known to be
susceptible to type 2 diabetes and cardiovascular disease. More
recently this has been emphasized by data from the Strong
Heart Study.11,12
The developing hypothesis that obesity and subsequent
insulin resistance may begin by programming metabolic
processes at vulnerable periods during gestation and early
childhood,13 provided rationale for early reversal of risk.
However, the sample population of infants and toddlers did not
appear to have been exposed to gestational diabetes, a known
primer;14 possibly because the young maternal average age of
the participants, which generally precedes the age at which
they are likely to develop gestational diabetes or overt type 2
diabetes. However, we did observe significant problems with
attaining optimal infant and toddler nutritional standards,
despite educational intervention beginning in pregnancy and
follow up education during the first two years of life.
A major emphasis of the intervention was to evaluate,
initiate, sustain and improve breast-feeding during the first year
based on supportive evidence that breast-feeding, in addition
to other benefits such as increased infant immunity, maternalinfant bonding, and protection against maternal estrogen-related
cancers,15 may offset obesity in childhood16 and diabetes in
adults.17 We were able to improve the prevailing breastfeeding
initiation rate to above the Centers of Disease Control Healthy
People Goal of 75%, however, mothers frequently found
it difficult to sustain breast feeding during the first year. We
attribute slightly better continuation rates prevailing in the
community before than during the intervention, to concerted
advocacy for breastfeeding by the local medical staff. However,
significant barriers included young maternal age and lack of
resources for lactation education and maternal support during
breast-feeding continuation. Since classic reasons were given
for early discontinuation, they could potentially be remediable
by education and increasing availability of social support and
trained personnel with sensitivity to the needs for optimizing
infant nutrition over the long term.
Our evaluation of prevailing infant feeding practice
revealed excessive 24-hour caloric intake and nutrient
composition consisting of a high proportion of energy-dense
foods, which unfortunately is likely to offset any effects of
breastfeeding on preventing obesity. Daily food consumption
exceeded the estimated energy requirement for age, as has
been described previously in the national Feeding in Infants
and Toddlers Survey.18 Nutrient analysis attributed the excess
calories mainly to the large amounts of sweetened beverages
and refined carbohydrates. However, energy consumption in
the Feeding in Infants and Toddlers Survey showed similar
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excess energy intake18 indicating the problem is pervasive
in the United States and may reflect prevailing available
food choices and marketing strategy. Furthermore, corporate
vendors in the rural townships of Oklahoma tend to stock and
sell the foods most preferred by the local population, which
tend to be of low nutritional value. Especially concerning
is the number of toddlers consuming sucrose-containing
carbonated beverages since they have become associated with
obesity in older children.19 The intake of macronutrients in
grams and percentages of total calories was consistently above
the recommended amounts and comparable to the national
toddlers’ intake, indicating again that the problem is pervasive,
but particularly relevant for a population at high risk for type 2
diabetes. It is also likely that the food selection for the toddlers
shapes long term food preferences for the growing children and
adolescents.8
The observation that vitamin D consumption is low can
be attributed to low milk consumption, and may relate to the
over-consumption of concentrated fruit juice and sweetened
beverages, a problem nationally,20 but especially in the
American Indian toddlers, because it replaces the needed
daily consumption of milk. When combined with a lack of
vitamin D and relatively low calcium, bone health could be
compromised, particularly if the problem is allowed to persist
until adolescence and early adulthood when maximal bone
accretion occurs. Also calcium deficiency has been associated
with increased lipogenesis21 potentially leading to obesity, and
to type 2 diabetes.22
The remarkably low intake of fiber is attributed to the low
intake of fruits, vegetables, and whole grains. The American
Academy of Pediatrics recommends a toddler diet consisting
of adequate fruit, vegetable, meat, and grain intake in order
to insure proper nutrition and foster good eating practices at a
young age. Furthermore, low fiber intake has been associated
with increased risk for type 2 diabetes when associated or
substituted with increased intake of rapidly absorbed refined
carbohydrates with a low glycemic index.23,24 It is also possible
that dietary fiber lowers inflammatory markers that cause
insulin resistance.25
American Indian participants in this study originated from
Oklahoma which is a predominantly rural state. Thus it is likely
that effects are a result of rural living and available dietary
options and not selections attributable to being American
Indian. We observed that infant and toddler feeding practices
were suboptimal when compared to the American Academy of
Pediatrics recommendations, the Centers for Disease Control
Healthy People 2010 goals, and the national Feeding in Infants
and Toddler Survey,26 indicating that poor feeding practices were
found to be pervasive throughout the United States. Also similar
to the national survey, predisposition to become overweight
was increased in the toddlers since they had known risk factors
such as low socioeconomic status, low breastfeeding initiation
and duration rates, low milk and vitamin D consumption, high
consumption of sweetened beverages, and a high consumption
of energy-dense foods.
During the study we identified provision of high quality
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services by the staff at local offices for the national Special
Supplemental Nutritional Program for Women, Infants and
Children (WIC) which provides targeted intervention by
supplying healthy foods and nutrition education. Since 73.4%
and 79% of mothers were WIC recipients in the survey and
intervention, it is disappointing that participating mothers were
not inclined to follow the WIC recommendations, which have
been based on American Academy of Pediatrics guidelines, and
our own educational efforts at follow-up study visits were not
significantly additive. It is possible that the 2009 WIC package
revisions may improve healthy food choices since they have
had a positive influence on access.27 However, socioeconomic
factors are likely to have influenced access in our study because
we consistently observed problems with transport, daytime
family support and prevailing health beliefs, which could in
part account for higher obesity rates in American Indian and
Hispanic WIC preschool participants documented throughout
Oklahoma28 and may present significant barriers to effective
education. We found that the annual household income was less
than ten thousand dollars in 38% and more than fifty thousand
dollars in only 12% and that the maternal age was often very
young; 57% were under age 24 years and 53% were unmarried
and often dependent on parents. Participants lived at significant
distances from WIC centers and with rising gasoline prices
during the study, closer convenience stores provided a logical
alternative, since using benefits (food stamps) provided by
the Supplemental Nutrition Assistance Program (SNAP) was
often an available option. This is a cause for concern since
the latter program has permitted purchase of sugar-sweetened
beverages.29 Since corn-syrup and sugar-derived fructose has
become a national focus of investigation and intervention
owing to its role in the pathogenesis of fatty liver disease and
the metabolic syndrome,30,31 our observations support targeted
intervention in “at risk” populations and identification of
barriers to effective education on beverage choices.
Maternal nutritional concepts and practice, although partly
determined by socioeconomic factors, requires a planned long
term approach targeting maternal education. We propose that
the immediate focus should be on attainable goals pertaining to
improving maternal knowledge and implementation of infant
and toddler nutrition. The educational focus should address
breastfeeding initiation and continuation, and inappropriate
feeding of toddlers with sweetened beverages and energy-dense
foods with low fiber content. Increased consumption of fruits,
vegetables, and whole grains, as well as milk and vitamin D
needs emphasis and appropriate support. However, inherent
problems with food availability and purchasing appeared to
account for persistence of prevailing feeding practices despite
intervention. Although the nutritional excesses and deficits are
similar to the findings in the national survey,32 their detection
in toddlers growing up in a diabetes-susceptible community
such as the south-western Oklahoma Indian tribes, makes risk
identification and effective intervention an urgent priority.
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