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Abstract American Indian (AI) children have the highest

rates of obesity among ethnic groups in the United States,

and rates continue to increase. This study was designed to

examine the effects of prenatal and early postnatal factors

on AI children’s body mass index (BMI) trajectories, adi-

posity, and cardiovascular risk markers during early

childhood. We screened 471 AI children (ages 5–8) from

three Wisconsin tribes. Screenings included anthropomet-

ric and body fat measures and non-fasting lipid and glucose

via fingerstick blood samples. Tribal records from Women

Infants and Children (WIC) programs and clinic charts

provided data on children’s BMI trajectories, maternal

prenatal factors, and the early postnatal feeding environ-

ment. Forty-seven percent of children were overweight or

obese. Analysis of growth trajectories showed that chil-

dren’s BMI category was largely determined within the

1 year of life. Significant predictors of children’s BMI

category at age 1 included macrosomia (OR 4.38), excess

gestational weight gain (OR 1.64) and early termination of

breastfeeding (OR 1.66). Children who were overweight/

obese at age 1 had greater odds of being overweight (OR

3.42) or obese (OR 3.36), and having unhealthy levels of

body fat (OR 2.95) and LDL cholesterol (OR 1.64) at ages

5–8. Children’s BMI category is determined in the early

post-natal environment, within the 1 year of life, by fac-

tors including excess gestational weight gain and early

termination of breastfeeding. In turn, children’s BMI cat-

egory at age 1 predicts the emergence of cardiovascular

risk markers in early childhood.
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Introduction

While obesity is a concern for all cultural groups in

industrialized countries, minority ethnic groups in the U.S.

have disproportionately high rates of obesity relative to

European Americans [1]. Among all ethnic groups in the

United States, American Indian (AI) children have the

highest prevalence of obesity, and while rates of obesity

have plateaued for most ethnic groups in the U.S., the

prevalence of obesity among American Indian children

continues to rise [2].

Research is accumulating to support the view that early

development—particularly the prenatal period and first

year of life—is especially important in determining chil-

dren’s ultimate propensity for obesity. During this period,

developmental plasticity is at its peak, and therefore small

changes to the early environment are thought to induce

phenotypic changes that have cascading effects across the

lifespan [3–6].

Research to date has identified several risk factors in

the prenatal and early postnatal environment that seem to

predispose children to becoming overweight or obese.

Maternal obesity [7–9] excess gestational weight gain [8,

10], gestational diabetes [7, 11], and maternal smoking

during pregnancy [8, 11–14] all have been linked to

increased risk of childhood obesity. Birth weight, at either

very high or very low levels, also predicts later obesity
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[4–6, 8, 9, 15]. The early feeding environment is also

important, with breastfeeding conferring a protective effect

relative to formula feeding [16, 17].

Given the high prevalence of childhood obesity and its

determinants among American Indians [18], we sought to

examine predictors and consequences of early childhood

body mass index (BMI) category in this understudied and

high-risk population using data from the Wisconsin Nutri-

tion and Growth Study (WINGS) [15, 16]. WINGS was

designed to investigate the prevalence rates and contributing

risk factors for obesity and its sequelae among children in

three Wisconsin tribes (the Bad River Band of Lake Superior

Chippewa Indians, the Menominee Tribe of Wisconsin, and

the Lac du Flambeau Band of Lake Superior Chippewa

Indians). The project took a community-based participatory

approach to gather information about American Indian

children’s early physical growth and environments in order

to identify opportunities for intervention and prevention

within the tribal communities. The current study examines

the effects of prenatal and early postnatal factors on AI

children’s BMI trajectories, adiposity, and cardiovascular

risk markers during early childhood.

Methods

Participants

Data included in this analysis were from 471 American

Indian children, the subset of the full WINGS cohort

(n = 652) for whom we had both physiological data from a

health screening conducted at age 5–8 and data from

medical records of early growth from tribal Women Infants

and Children (WIC) centers, Head Start, or tribal clinic

chart records. The full WINGS cohort resulted from a 60 %

response rate among those eligible. There was no indica-

tion that selection was biased relative to health measures.

Specifically, distributions of height, weight, and BMI were

comparable for the sample of WINGS participants as for

the entire population of students in the schools/grades from

which children were recruited [19, 20].

The children’s mean age at the health screening was

6.02 years (SD = 1.68). The sample was 49.7 % female.

Approximately 45.2 % of participants were from the

Menominee tribe; 38.4 % were from Lac du Flambeau;

16.3 % were from Bad River. The characteristics of the

sample mirror those of the overall WINGS cohort [20].

Procedure

Kindergarten-2nd grade children (ages 5–8) were recruited

for health screenings on three Wisconsin tribal reservations.

Recruitment differed across the three tribal sites. Two tribes

had schools located on their reservations, and those schools

allowed us to conduct health screenings during the school

day. In those two tribes, parent surveys and consent forms

were sent home with all kindergarten through second grade

students on two occasions prior to the health screenings. The

caregiver survey asked about the home environment and

the child’s activities. Consented children were asked for

their assent then were screened at school over a period of

2–3 days. The health screening included anthropometric and

body fat measures, non-fasting lipid panels and glucose via

finger stick blood samples. The schools were compensated

$10 for each child screened, and child participants received a

t-shirt and other small prizes.

Because the third reservation did not have a tribal

school, screenings took place at a series of community

health fairs on the reservation. Advertisements for each

health fair were posted in the tribal newspaper and at

locations around the community. At the health fairs, par-

ents completed the consent form and caregiver survey; then

children gave their assent and were screened. Survey items

and health screening procedures were identical to those

used with the other two tribes. Caregivers received $10

cash for their participation, and children received a t-shirt

and other small prizes.

Given the stable nature of the tribal communities, almost

all child participants in the health screening had previously

been participants in WIC or Head Start on their respective

reservations. This provided us with a unique opportunity to

obtain and review children’s medical records in order to

learn about the children’s early growth, maternal prenatal

risk factors, and early postnatal environments. With par-

ent’s consent, members of the research team examined the

records and recorded information about children’s birth

status and early growth. Notably, some items from the WIC

data were similar to those obtained from the parental sur-

veys (e.g. birth weight, duration of breastfeeding). When

compared, data from the two sources corresponded quite

well. For example, for breastfeeding duration, r = 0.70 and

for birth weight r = 0.92.

Measures

Data Collected at the Health Screening

Children’s heights were measured to the nearest .1 cm

using a portable stadiometer. Impedance-based percentage

of body fat was measured with a Tanita instrument (Model

TBF-305; Tanita Corp, Chicago) which also provided

weights to the nearest 1 kg. Hip and waist circumferences

were measured to the nearest .1 cm with flexible plastic

measuring tape. CDC syntax was used to convert children’s

weights and heights into age- and gender- adjusted BMI

and BMI z scores based on CDC growth charts [21].
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Children who were above the 95th percentile were classi-

fied as obese. Children who were between the 85th and

95th percentiles were classified as overweight. Children

between the 5th and 85th percentiles were classified as

healthy weight. Children below the 5th percentile were

classified as underweight.

Non-fasting glucose levels, total cholesterol (TC), and

high-density lipoprotein (HDL) were measured from blood

samples obtained by finger stick (Cholestech, LDX System,

Hayward, CA). Blood pressures were measured by aus-

cultation with a standard sphygmomanometer.

Trained tribal health professionals or academic research

staff performed all measurements. Individual results for

each child were sent to parents by letter, with recom-

mended clinic follow-up for abnormal values.

Data Collected from WIC Records

Measures collected from the records included: birth order,

birth weight, birth length, presence of gestational diabetes,

duration of pregnancy, mother’s smoking habits before and

during pregnancy, mother’s weight and height before

pregnancy and at delivery, initiation and duration of

breastfeeding, duration of formula feeding and age at

which formula was started, age at which solid foods were

started. Gestational weight gain was computed and classi-

fied according to IOM recommendations [22].

In addition, the height and weight of each child was

recorded at each WIC visit, conducted approximately every

6 months from birth onward. These weights and heights

were used to calculate age- and gender- specific BMI for

each time point using CDC growth charts. Together, those

measurements make it possible to track children’s growth

trajectories across early childhood, leading up to the health

screening.

Data Analysis

Descriptive characteristics of the sample were examined

using v2 tests and one-way analysis of variance to compare

healthy weight, overweight and obese children’s health and

to compare the prevalence of prenatal and early postnatal

risk factors for obesity across groups. Then, to examine

children’s growth trajectories, children were classified

according to BMI category at the health screening, and data

from the children’s medical records were used to construct

mean growth trajectories for each weight group from birth

to age 5. Next, logistic regression was used to compute

odds ratios for prenatal and early postnatal risk factors,

predicting children’s BMI category at age 1 and age 5–8.

Finally, odds ratios were computed to examine the asso-

ciation between children’s BMI category at age 1 and their

cardiovascular risk markers at age 5–8.

Results

Prevalence of Childhood Overweight/Obesity

at the Health Screening

The health screening revealed that approximately 54 % of

children were normal weight, 18 % were overweight, and

27 % were obese. An additional 6 children (1 % of the

sample) were underweight. Because the small size of the

underweight group was unlikely to yield robust findings,

we excluded them from further analyses.

Table 1 presents characteristics of the healthy weight,

overweight, and obese children, from the health screening

and accompanying parental survey. Results from one-way

ANOVAs and v2 tests showed that there were no differ-

ences among the groups in demographic factors, including

age, gender distribution, parental educational attainment,

or household size. However, there were significant differ-

ences among the groups, in the predicted directions, for

almost every measure of physical health, including: hip and

waist circumference, percentage body fat, total cholesterol,

HDL cholesterol, and blood pressure, with obese children

showing greatest risk for future cardiovascular problems.

Prevalence of Prenatal and Early Postnatal Risk Factors

for Childhood Obesity

Table 2 shows the prevalence of prenatal and early post-

natal risk factors within our sample. Overall, the rate of

gestational diabetes was 13 %, and the rate of maternal

smoking during pregnancy was 59 %. Maternal smoking

was equally common across weight groups, but reports of

gestational diabetes were significantly more common

among mothers whose children were overweight or obese.

Low birth weight and very low birth weight were uncom-

mon (3 % and\1 %, respectively), and rates did not differ by

children’s BMI category at the health screening. High birth

weight (macrosomia) was more common (5 %), and it was

more frequent among overweight and obese children.

The rate of breastfeeding initiation was low (59 %)

relative to formula use (97 %). Among mothers who ini-

tiated breastfeeding, the median duration was 13 weeks

(range 1 day–5 years). The median time for introducing

solid foods, was 22 weeks (range 5–65 weeks).

Self-reported heights and weights indicated that 72 % of

mothers and 81 % of fathers were either overweight or

obese at the time of the children’s health screening. Med-

ical records showed that 60 % of mothers were overweight

or obese before pregnancy. A majority of mothers (51 %)

reported gestational weight gain in excess of IOM guide-

lines [22], and excess gestational weight gain was espe-

cially common among mothers whose children were

overweight (54 %) or obese (60 %).
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Growth Trajectories

The age- and gender- adjusted BMI growth trajectories of

children who ultimately were healthy weight, overweight,

and obese at the health screening are depicted in Fig. 1.

There was no difference between the groups’ BMIs at birth,

F (2, 377) = 0.29, p = 0.75. However, the groups’ growth

trajectories quickly diverged during the first year of life,

and the groups differed by age 1, F (2, 361) = 24.15,

p \ .001. The groups remained reliably different from age

1 onward (all ps \ .001).

Predictors of Childhood Overweight and Obesity

Table 3 displays risk estimates for prenatal and early

postnatal risk factors for childhood obesity, with each risk

factor predicting BMI category at age 1 and age 5–8. The

findings identify several determinants of children’s BMI

category at age 1. Macrosomia (high birth weight), limited

breastfeeding duration, and excess gestational weight gain

all increased the odds that the child would be overweight or

obese at age 1.

We conducted a parallel analysis to examine whether

factors in the prenatal and early post-natal environment

would also predict children’s BMI category at age 5–8 (the

health screening). Those risk estimates are reported in

Table 3, as well. Macrosomia, limited breastfeeding dura-

tion, and excess weight gain significantly all increased the

odds that the child would be overweight or obese at age

5–8. Gestational diabetes was also associated with

increased odds that the child would be overweight or obese

by age 5–8.

To ensure that the effect of macrosomia was not solely a

product of its co-occurrence with gestational diabetes, we

conducted stratified analyses of those with a diabetic

pregnancy and those without. Even when mothers had no

diagnosis of gestational diabetes, macrosomia increased the

odds that the child would be overweight/obese by age 1

(OR 2.53) and age 5–8 (OR 4.14).

Implications of Early BMI Category on Child Health

Table 4 shows that BMI category at age 1 is a reliable

predictor of children’s’ BMI category at age 5–8. Children

Table 1 Characteristics of the WINGS sample, by BMI category at health screening

Normal weight Overweight Obese p value

(n = 254) (n = 83) (n = 128)

Age (years) 6.06 ± 1.60 5.85 ± 1.75 6.05 ± 1.76 .57

Gender (% Male) 48.0 44.6 57.0 .14

Highest education in household (%) .40

\high school 4.3 4.8 2.3

High school 17.7 10.8 18.0

Some college 36.6 33.7 41.4

College degree 0.4 0 0

Don’t know or declined to answera 40.9 50.6 38.8

Size of household 4.96 ± 1.84 5.28 ± 1.88 5.02 ± 1.70 .48

Height (cm) 116.10 ± 10.91 116.32 ± 12.70 119.37 ± 14.42 .08

Weight (kg) 21.91 ± 4.42 24.76 ± 6.07 33.07 ± 10.82 \.001

BMI (z score) 0.36 ± 0.50 1.32 ± 0.17 2.33 ± .047 \.001

Hip circumference (cm) 64.21 ± 5.15 67.38 ± 6.88 76.19 ± 10.43 \.001

Waist circumference (cm) 55.11 ± 4.35 58.81 ± 5.62 70.27 ± 10.80 \.001

Body fat (%) 16.96 ± 4.88 20.71 ± 5.75 33.04 ± 8.06 \.001

Cholesterol

Total 158.87 ± 27.71 156.88 ± 27.42 176.35 ± 40.48 \.001

HDL 51.08 ± 11.32 47.34 ± 12.35 44.55 ± 10.84 \.001

Non-fasting blood glucose 88.59 ± 18.60 94.35 ± 21.93 89.09 ± 18.46 .35

Blood pressure

Systolic 100.01 ± 9.94 102.59 ± 11.03 107.44 ± 10.90 \.001

Diastolic 64.18 ± 8.00 64.40 ± 7.14 67.68 ± 8.67 \.01

Data reported are means and standard deviations, unless otherwise noted. p values are reported from omnibus ANOVAs (for continuous

variables) and v2 tests (for categorical variables)
a An unusually high percentage of respondents indicated that they did not know ‘‘the highest grade that anyone in the household completed’’ or

skipped this question. We are uncertain why this question resulted in such a high proportion of missing values

1882 Matern Child Health J (2012) 16:1879–1886

123



who were overweight/obese at age 1 had over 3 times the

odds of being overweight or obese at age 5–8, relative to

children who were at a healthy weight at age 1, whether

measured by BMI or excess body fat.

Furthermore, odds ratios showed a pattern indicating

that children who were overweight at age 1 were more

likely to exhibit symptoms of cardiovascular risk and early

metabolic syndrome during the health screening, including

higher total cholesterol, lower HDL cholesterol, and higher

non-fasting glucose. These effects were marginally

significant.

Discussion

This study corroborates other studies showing that Amer-

ican Indian children are at high risk for overweight and

obesity. Combined prevalence of overweight and obesity in

Table 2 Percentage of WINGS sample with known risk factors, by BMI category at the health screening

Normal weight Overweight Obese p value

(n = 254) (n = 83) (n = 128)

Pre-natal environment

Diabetic mother or gestational diabetes 8.6 12.2 22.3 \.01

Mother smoked before pregnancy 76.9 75.0 78.9 .90

Mother smoked during pregnancy 59.2 63.6 56.4 .76

Birth weight

\1,500 g (very low birth weight) 1.3 0 0 .26

\2,500 g (low birth weight) 4.2 1.1 2.5 .33

[4,500 g (macrosomia) 2.1 4.6 10.7 \.01

Early feeding environment

Breastfeeding never initiated 36.9 50.6 43.8 .09

Breastfeeding \4 months 71.4 85.2 79.0 .03

Formula fed (ever) 96.6 97.5 97.8 .83

Mother’s weight

Mother’s BMI [25 before pregnancy 56.2 55.2 70.5 .13

Mother’s BMI [30 before pregnancy 26.4 32.8 50.8 \.01

Gestational weight gain [IOM guidelines 42.7 54.1 60.0 .04

Mother’s BMI [25 at health screening 69.6 67.2 81.5 .10

Mother’s BMI [30 at health screening 30.7 42.6 51.9 \.01

Father’s weight

Father’s BMI [25 at health screening 80.6 80.8 81.9 .97

Father’s BMI [30 at health screening 38.9 32.7 38.9 .71

p values are reported from omnibus v2 tests
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Fig. 1 Growth Trajectories from Birth to Age 5 by BMI Category at Health Screening
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this sample of kindgergarten-2nd graders was 45 %.

Moreover, known risk factors for childhood obesity were

unusually common. For example, 59 % of mothers were

overweight or obese at the beginning of their pregnancy,

59 % of mothers reported smoking during pregnancy, and

76 % of mothers terminated breastfeeding within 4 months

of the child’s birth. These rates are much higher than are

typically seen in U.S. samples [12, 23, 24].

Not surprisingly, these common prenatal and early

postnatal risk factors were associated with elevated risk for

childhood overweight and obesity. Gestational weight gain

in excess of the IOM’s 2009 guidelines increased the odds

of having an overweight or obese child by 60 %, and a

diabetic pregnancy increased the odds of having an over-

weight or obese child by almost 90 %. Children who

weighed more than 4,500 g at birth had more than 4 times

the odds of being overweight, compared to children who

weighed less. These results are consistent with other

studies that have linked fetal overnutrition to later obesity

[6, 25]. Supporting a growing literature on the benefits of

breastfeeding [16, 17], we found that breastfeeding for

\4 months led to a 60 % increase in the odds of having an

overweight or obese child.

Using current and historical data on children’s growth

over time, we were able to examine the trajectories by

which childhood overweight and obesity emerged. We

found that children who ultimately would be overweight or

obese at our health screening were, on average, already

overweight by age one and their BMI category remained

relatively stable thereafter. This adds to the body of work

suggesting that children’s BMI category is largely deter-

mined during the 1 year of life [26]. Having a BMI greater

than the 85th percentile at age 1 was also associated with

cardiovascular risk markers at age 5–8.

These findings should all be interpreted in light of this

study’s limitations. First, the population-based sample was

not randomly selected. However, the high response rate,

along with evidence that the WINGS children were repre-

sentative of their school populations on relevant anthropo-

morphic factors, lead us to believe that our results can likely

Table 3 Risk estimates for prenatal and early postnatal characteristics, predicting childhood overweight/obesity at age 1 and at age 5–8

Risk factor Outcome

Overweight/obese at age 1 Overweight/obese at age 5–8

Odds ratio (95 % CI) Odds ratio (95 % CI)

Education

High school or below 1.58 (0.91–2.76) 0.81 (0.49–1.34)

Pre-natal environment

Diabetic mother or gestational diabetes 1.71 (0.90–3.27) 1.89 (1.07–3.35)

Mother smoked before pregnancy 1.11 (0.59–2.12) 0.95 (0.52–1.73)

Mother smoked during pregnancy 0.98 (0.57–1.70) 0.88 (0.52–1.49)

Birth weight

Very low birth weight (\1,500 g)a – –

Low birth weight (\2,500 g) 0.40 (0.10–1.64) 0.47 (0.15–1.53)

Macrosomia (C4,500 g) 4.38 (1.25–15.38) 4.38 (1.59–12.10)

Early feeding environment

Breastfeeding never initiated 1.53 (0.99–2.36) 1.38 (0.93–2.05)

Breastfeeding \4 months 1.66 (1.01–2.74) 1.63 (1.02–2.60)

Formula fed (ever)a – –

Maternal weight

Mother’s BMI C25 before pregnancy 1.58 (0.95–2.64) 1.22 (0.75–1.99)

Mother’s BMI C30 before pregnancy 1.27 (0.75–2.16) 1.62 (0.98–2.67)

Gestational weight gain [IOM 1.64 (1.01–2.66) 1.73 (1.09–2.75)

a Denotes too few cases or insufficient variability to compute risk estimate

Table 4 Risk estimates (95 % CI) of child overweight/obesity versus

normal weight at age 1, predicting health outcomes at age 5–8

Health outcome at age 5–8 Odds ratio p value

BMI

Overweight (C85th Percentile) 3.42 (2.24–5.24) \.001

Obese (C95th Percentile) 3.36 (2.04–5.52) \.001

High body fat (Boys: C20 %, Girls:

C25 %)

2.95 (1.86–4.68) \.001

Cholesterol

High TC (C170) 1.50 (0.93–2.43) .09

Low HDL (B35) 1.46 (0.90–2.37) .11

Non-fasting blood glucose (C120) 2.74 (0.87–8.66) .09
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be generalized to other communities, especially other

American Indian tribes. Second, our data analysis was lim-

ited by incomplete and imperfect data from the children’s

historical WIC and clinic records. For example, not every

child had height and weight data for every time point from

birth to age 5. Our findings appear to be robust in spite of

those missing data. Third, the sample is quite homogenous.

This is a benefit in many ways, but it limits our ability to draw

conclusions about the contributions of socioeconomic status

and other community factors as predictors of childhood

obesity. Despite these limitations, our findings provide

support for the hypothesis that the prenatal and early post-

natal environments play a major role in shaping long-term

health outcomes related to obesity and its sequalae.

Conclusions

Children’s prenatal and early post-natal environments pre-

dict their BMI growth trajectories across early childhood and

are associated with the emergence of cardiovascular risk

markers. Therefore, community-research partnerships that

address early determinants of obesity will be essential for

understanding and combating childhood obesity and its

sequalae.

In light of these results, each of the three tribes has

undertaken projects to respond to the unique health needs of

their communities. In addition, the current study helped

inform a data-driven, culturally-tailored, family-based inter-

vention to improve early childhood nutrition and physical

activity in AI communities. That intervention, called Healthy

Children, Strong Families, is ongoing [27, 28].
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