
Inappropriate Feeding Behaviors and Dietary Intakes in Children
with FASD or Probable PAE

Rachel L. Werts, B.S.1, Sandra C. Van Calcar, R.D., Ph.D.1,2, David S. Wargowski, M.D.1,2,
and Susan M. Smith, Ph.D.1,3

1Waisman Center, University of Wisconsin School of Medicine and Public Health
2Department of Pediatrics, University of Wisconsin School of Medicine and Public Health
3Department of Nutritional Sciences, University of Wisconsin-Madison, Madison WI 53706

Abstract
Background—Prenatal alcohol exposure (PAE) is a leading cause of significant neurobehavioral
and neurocognitive deficits. Its potential consequences for eating behaviors, nutritional status and
other nutritional issues in childhood have received little attention.

Methods—Nineteen children (11 male, 8 female) of mean age 9.6 years, referred for FASD
screening and assessment, were analyzed with physical exams and caregiver questionnaires to
identify possible abnormalities in food and eating behaviors. Fourteen children contributed 24-
hour diet recalls and were assessed for nutritional status.

Results—Seventy-nine percent of participants were diagnosed with FASD and 63.2% had
confirmed PAE. Fifty percent of females were overweight or obese, whereas 37% of males had
reduced stature, weight, or BMI for their age. Recurring feeding problems included constant
snacking (36.8%), lack of satiety (26.3%), and picky eating/poor appetite (31.6%). None had oral
feeding problems. Constipation was common (26.3%). Macronutrient intakes were largely normal
but sugar consumption was excessive (140%-190% of recommendations) in 57% of subjects.
Vitamin A intake exceeded the Upper Limit for 64% of participants, whereas ≥50% had intakes
<80% of RDAs for choline, vitamin E, potassium, β-carotene, and essential fatty acids; 100% had
vitamin D intakes <80% of the RDA.

Conclusions—PAE may be associated with altered acquisition and distribution of body mass
with increasing age. Disordered eating was common. The increased feeding behaviors surrounding
lack of satiety suggest self-regulation may be altered. Constipation could reflect low dietary fiber
or altered gastrointestinal function. These exploratory data suggest that children with PAE may be
at risk for nutritional deficiencies, which are influenced by inappropriate food preferences,
disordered eating patterns, medication use, and the stressful dynamics surrounding food
preparation and mealtime.
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Introduction
Prenatal alcohol exposure (PAE) is a leading cause of significant neurodevelopmental
disability and affects between 0.5% to 5% of individuals, depending on the population (May
et al., 2009). Individuals with Fetal Alcohol Syndrome (FAS) exhibit the diagnostic trio of
somatic growth deficiencies, specific craniofacial alterations, and central nervous system
deficits. Many more individuals have known PAE and similar levels of neurodevelopmental
disability, but do not meet these diagnostic criteria, and these effects comprise a range of
outcomes described as Fetal Alcohol Spectrum Disorder (FASD) (Riley and McGee, 2005).
PAE adversely affects specific behavioral domains including learning, attention, cognition,
memory, and executive function (Mattson et al., 2013). These are paralleled with structural
brain changes that include reduced white matter formation and dysmorphologies affecting
the cortex, hippocampus, cerebellum, and other regions. fMRI reveals regional differences
in brain activity during cognitive task performance in those exposed to alcohol compared
with controls (Coles and Li, 2011; Lebel et al. 2011; Norman et al., 2009).

Little attention has been given to whether these neurobehavioral changes also affect the
dynamics surrounding nutrition and eating behaviors. Ingestion behaviors are controlled by
a complex neurocircuitry between brain, intestinal, and adipocyte compartments that
produce endocrine hormones that control appetite and satiety (Yeo and Heisler, 2012). Food
texture sensing, mastication, and swallowing are governed by craniofacial nerves, and PAE
impairs the development of their neural crest progenitors (Smith and Debelak-Kragtorp,
2006). Epigenetic modifications also affect postnatal nutritional outcomes, for example,
growth rates via IGF2 and appetitive behavior in Prader-Willi syndrome (Jirtle and Skinner,
2007), and PAE can alter epigenetic marks (Kaminen-Ahola et al., 2010).

There has been very little investigation into the possibility that PAE may adversely affect
food and eating behaviors, nutritional status and other nutritional issues. Although reduced
postnatal body growth is part of the FAS diagnostic criteria, one study noted an association
of FAS and FASD with increasing adiposity in young adult females, whereas growth
deficiency was more common in young adult males (Spohr et al., 2007). There are several
reports of infants with FASD also diagnosed with “Failure to Thrive” due to gastrointestinal
dysfunctions including pseudoobstruction and gastroesophageal reflux, conditions that
reduced feeding behaviors and necessitated specialized nutritional support (Sujay et al.
2012; Uc et al. 1997). PAE can also delay oromotor development, producing feeding
dysfunction and dependence upon enteral or even parenteral feeding to correct the growth
impairment (Van Dyke et al. 1982).

This exploratory study was designed to broadly address the possibility that eating behaviors,
nutritional status and other nutritional issues found in childhood may be affected by PAE.
Inquiries were made into the feeding behaviors, eating patterns, food preferences and
cravings, and nutrient intake, as well as body mass distribution and weight status of a cohort
of children with suspected FASD.

Materials and Methods
Study Population

The study population consisted of participants from Wisconsin who were referred by a
physician for screening and assessment for FASD based on prior medical history. Nineteen
children were assessed at the FASD Diagnostic Clinic at the Waisman Center, University of
Wisconsin-Madison, between 2003 and 2006. Prior to participation, written informed
parental consent and child assent were obtained via protocols approved by the Institutional
Review Board of the University of Wisconsin-Madison. Children were evaluated by a
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trained dysmorphologist (D.S.W.). Anthropometric data of children were recorded on-site
and plotted on growth charts obtained from the CDC (Kuczmarski et al., 2002). Medical
history data were based on medical record review and physical exam. Diet and eating
behavior information were collected during a nutrition interview with caregivers and their
child by a Registered Dietitian.

Dietary Behaviors Analysis
A three-page diet questionnaire was mailed to each participant's caregivers and filled out
prior to the diagnostic clinic. The questionnaire was designed specifically for the nutrition
interview of the FASD clinic visit and made inquiries into nutrition-related medical
concerns, current medications, enrollment in social programs, child feeding history, current
feeding habits, recurring feeding-related problems, typical food selection, food safety/
security, and other general nutrition-related concerns. The dietitian reviewed the
anthropometric data and inquired into physical activity, which was classified as sedentary,
low activity, active, or very active, to assess estimated nutrition needs. A 24-hour diet recall
was provided by the caregivers of 14 out of the 19 children screened. Diet recalls were
analyzed for nutrient and micronutrient content using a standardized diet analysis software
(The Food Processor, ESHA Research, Salem OR) that combines nutrient data from more
than 1700 sources including the USDA, manufacturers and restaurants. Information about
some micronutrients is more limited and was analyzed for 76.9% (choline), 82.7% (copper),
93.3%, (β-carotene) and 83.5% (essential fatty acids) of dietary items.

The diet recall data were analyzed to calculate Estimated Energy Requirement (EER) for
each participant using the standard equations from the Dietary Reference Intakes (DRI)
(Otten et al. 2006). The equation accounts for age, gender, physical activity level and BMI
status and an “active” activity level was assumed for all participants. Calculated EER was
compared to total calorie intake calculated from the Food Processor Database.

Age- and sex-specific definitions for underweight (<5th percentile), normal (5th to <85%
percentile), overweight (85th to <95% percentile) or obese (≥95th percentile) BMI status
followed CDC guidelines (Mei et al,. 2002). The most recent Recommended Daily
Allowances (RDAs) of the Dietary Reference Intakes (DRI) were used to determine percent
over or under of recommended macronutrient intake for age (Food and Nutrition Board,
2012). Micronutrient intakes were compared to the RDA and Upper Tolerable Intake Levels
(UL) (Food and Nutrition Board, 2012). Participants with levels >80% RDA but <UL were
determined to be of adequate nutrient status. Carotenoids do not have a specified RDA, so
intakes were compared to recent recommendations (Otten et al., 2006). Nutritional adequacy
was assessed by comparing the average intake of select nutrients of the study population to
the same age groups of the general U.S. population (Bailey et al., 2010; Chester et al., 2011;
Ervin et al., 2012; Hoy and Goldman, 2012; Wright et al., 2003). There are limited data on
average U.S. dietary intakes for young children, therefore, not all intakes could be compared
with the general population.

Results
Population Characteristics

The population characteristics of the study group are presented in Table 1. Of 19
participants, 11 were male with an average age of 10.6 years (range 3.9-15.1 years), and 8
were female, average age 8.2 years (range 4.3-13.8 years). Average age was 9.6 years for the
entire cohort. Prenatal alcohol exposure was confirmed in 63.2% of participants and
suspected in the remainder. A total of 79.0% of study participants were diagnosed as having
FAS (10.5%), partial FAS (21.0%) or Alcohol-Related Neurodevelopmental Disorders
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(ARND, 47.4%). One individual was diagnosed as possible ARND and three received “no
diagnosis”. Seven participants (36.8%) exhibited facial dysmorphology, one had low birth
weight (5.3%), and all had behavioral disorders or neurodevelopmental delays that prompted
screening.

With respect to morphometric characteristics, one individual, a 4-year old male, had a BMI
that placed him in the <5th percentile for BMI/age, indicating underweight. Two additional
males were at the 5th percentile with respect to height/age and <10th percentile with respect
to weight for age. However, these two and the remaining males had normal BMI for age,
except for one who was obese (BMI ≥95th percentile) and one who was overweight (85th

percentile). In contrast, none of the females were below their age-specific height or weight
norms. Moreover, half (4/8) of the females were either obese (3/8) or overweight (1/8), and
they had a higher reported percentile weight-for-height and weight-for-age, lower incidence
of healthy weight, and higher incidence of overweight and obesity (Table 2). All children
with ≥85% BMI were 7.75 yrs or older. Three of the six overweight/obese children were
taking anti-depressive medication, and four of six children with ≤30% BMI were taking
stimulant/ADHD medication. None were diabetic. Those providing an activity level all
reported an “active” lifestyle; therefore, for the purpose of calculating energy requirements,
we assumed this level for all participants.

Medical problems reported in ≥25% of respondents were developmental delay (42.1%),
behavioral disorders / ADHD (36.8%), psychiatric problems (26.3%), and neuromotor
disorders (26.3%). The latter included impaired/delayed motor skills (3), impaired sensory
processing (1), and poor visual-motor coordination (1). Constipation was reported in 26.3%
of respondents. Two children had a history of anemia. There were no reports of conditions
affecting ingestive or digestive behaviors including colostomy, dental problems,
gastrointestinal disorders, metabolic disorders, or thyroid disorders. One child had a former
cleft lip/palate. There were no reports of food allergy. Medications of appreciable use were
stimulants/behavioral disorder treatment drugs (36.8%) and depression/psychiatric treatment
drugs (26.2%). Medication classes used at a lower incidence included hypertension
treatments (10.5%) and anticonvulsants (5.3%). None reported laxative use.

Dietary Behaviors
Caregivers were asked to report perceived “recurring problems,” defined as unwanted
behaviors related to feeding and eating habits occurring at least three times per month.
Recurring problems reported by at least 25% of the study population were “picky eater/poor
appetite” (31.6%), “constant snacking” (36.8%), and “never seems full or satisfied” (26.3%).
Two individuals had a recurring incidence of refusing certain textures and one had chewing
difficulties. No incidence of gagging/choking, swallowing disorders and problems with self-
feeding were reported, suggesting no severe oral/motor dysfunction.

We performed dietary analysis for the 14 participants who completed the 24-hour diet recall.
We calculated individual Estimated Energy Requirement (EER), adjusted for age, gender,
and BMI status. Three individuals consumed >100% than their estimated needs, based on
their intake from 24-hour recalls, and two of these three were overweight (Table 3). One
individual's EER was substantially below the 80% cut-off for energy adequacy; that
individual was obese.

Macronutrient intake analysis was based on the Acceptable Macronutrient Distribution
Ranges (AMDR) set by the most recent DRI (Otten et al., 2006). Consumption of
carbohydrate, protein, and fat, as a percentage of total calories, was at target levels for most
individuals (Table 4). However, 64% did not consume the recommended intake of dietary
fiber for their age. Conversely, over half the participants obtained more than 25% of their
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total calories as simple sugars (mono- and disaccharides) and exceeded target
recommendations for their respective age, gender, and BMI (Ervin et al., 2012). With
respect to essential fatty acids, half of the cohort did not consume sufficient omega-6 fatty
acid (linoleic acid) and 71% did not consume sufficient omega-3 fatty acid (α-linolenic acid;
Otten et al., 2006).

Intakes for most micronutrients were adequate, including vitamins B6, B12 and C, thiamin,
riboflavin, niacin, and folate, and the minerals calcium, copper, iron, and zinc (Table 5).
Vitamin A intake, including pro-Vitamin A forms, was excessive and 64.3% had intakes
above the UL. Similarly, excessive sodium intake was found in 85.7% of participants. There
were several micronutrient inadequacies, defined as intake below 80% of the RDA. The
most notable included low intake of vitamin D (100% of participants), Vitamin E (85.7%),
Vitamin K (57.1%) and potassium (85.7%). A substantial number of participants did not
consume sufficient choline (71.4%) or beta-carotene (64.3%). No participant reported use of
multivitamins or mineral supplements, home remedies, or herbal/alternative medicines.

Select macronutrients and micronutrients intakes for several age ranges of the study
population were compared to that nutrient's intake for the same age group in the general
U.S. population (Table 6). Macronutrient intakes were similar to age-specific norms for U.S.
children as a whole, as were intakes for iron, sodium, choline and potassium. However,
percent of total kilocalories from sugar was substantially higher (150% to 190%) in this
cohort as compared with age-matched average U.S. intakes (Ervin et al. 2012). While
dietary calcium was consistent with typical intakes, Vitamin D intake was substantially
below average for this age range (Bailey et al., 2010).

Discussion
This exploratory study is the first investigation into the possible feeding and nutritional
consequences of prenatal alcohol exposure. The most notable results suggest that PAE may
be associated with female obesity, constant snacking, lack of satiety, constipation, and low
vitamin D status. Several outcomes were more common than in the age-matched, U.S.
population, suggesting that PAE may have influenced these digestive and eating behaviors.
Because adequate nutrition is essential for healthy child growth and development, nutritional
disorders could negatively impact the developmental potential of children who experienced
PAE. Disordered feeding behaviors can also stress the family dynamic, particularly around
mealtime. These problems may be an unappreciated consequence of PAE.

The obesity/overweight incidence for these female subjects was 50%, a rate substantially
greater than the U.S. average of 31.3% for girls of all races ages 2-19 (Ogden et al., 2010).
In contrast, the obesity/overweight incidence for these males (18.2%) was well below the
U.S. average (32.1%).The sample size was too small to determine whether obesity rates
significantly differed between the sexes. However, these data are consistent with a
longitudinal study of FASD patients, which found that underweight and shorter stature
persisted in males into adulthood, while body weight and adiposity increased in post-
pubertal females (Spohr et al., 2007). Klug et al. (2003) similarly found that partial FAS was
associated with an increased BMI vs. FAS and no-FAS. Although that study found no
gender influence, male status did increase the risk for alcohol-associated height and weight
reductions. Supporting these clinical observations is the recent demonstration of increased
adiposity and pancreatic dysmorphology in adult guinea pigs that experienced PAE (Dobson
et al., 2012). In the general population, obesity risk is the sum of complex interactions
between genes and environment. PAE can affect physiological processes that influence BMI
including epigenetic marks and metabolic dysregulation (Kaminen-Ahola et al. 2010; Glavas
et al., 2007). BMI is also heavily influenced by behavioral practices that can include food
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availability, food reward use, exercise opportunity / ability, and the use of psychotherapeutic
medications that affect appetite and energy expenditure such as stimulants and
antidepressants (Luke et al., 1996). We note that stimulant/ADHD medications, which can
suppress appetite, were used by almost half of the males and only two females studied here.
Studies into this question must consider these complex physiological, pharmacological, and
behavioral influences upon BMI.

Constant snacking is common during childhood and adolescence. However, in this
population, snacking behavior was unusually associated with a more marked complaint of
lack of satiety. Dietary self-regulation is a learned skill shaped by environmental factors
such as early experiences with food and eating and energy expenditure, as well as inherent
factors such as genetics and neurodevelopment (Birch and Fischer, 1998). Our findings of
increased female obesity, constant snacking in both sexes, and parental complaints of lack of
satiety suggest a potential association between FASD and impaired dietary self-regulation.
Ethanol's adverse effects on brain development could extend to the neuroendocrine signals
that control appetite and reward in regions such as the hypothalamus and ventral tegmental
area. Poor dietary self-regulation could also be linked to the low impulse control common in
those diagnosed with FASD.

The most common medical complications reported here, behavioral disorders,
developmental delay, and psychiatric problems, are commonly reported in FASD (Mattson
et al., 2012) and likely contributed to the clinic referral. In contrast, constipation is an
uncommon childhood complaint. An estimated 3% of child visits to U.S. pediatric clinics
present with some degree of constipation (van den Berg et al., 2006), a value that contrasts
sharply with the 26.3% incidence reported here. Constipation is not a common sign or
symptom of FASD. The higher incidence noted here could, in part, reflect the participants'
inadequate fiber intake. These symptoms also could be caused by abnormal enteric nerve
structure or function. The enteric nervous system is derived from the neural crest, which is a
known target of ethanol's neurotoxicity (Smith and Kragtorp-Debelak, 2006). Enteric
disruptions including retrograde and stationary contractions were documented in several
instances of FASD (Uc et al., 1997). More research is needed to investigate the potential
extent of constipation issues in the FAS/FASD population.

Micronutrient intakes in this population were largely adequate and evaluation of diet records
revealed a high consumption of fortified foods such as cereals and breads. However, intakes
of Vitamins D, E, K, potassium, and choline were consistently low and posed a risk for
deficiencies. The choline inadequacy is noteworthy given that choline has been suggested to
improve neurobehavioral outcomes in rats affected by PAE (Ryan et al., 2008). Most of the
cohort consumed inadequate potassium and excessive sodium, due to high consumption of
processed foods and cheeses rather than whole vegetables and grains. This potassium-
sodium imbalance is disconcerting given that 2 of 14 children were hypertensive, a
condition not normally associated with PAE. One affected child was overweight and thus at
higher risk for hypertension (Tu et al., 2011). The incidence of pediatric hypertension in the
U.S. is 3.7% (Din-Dzietham et al., 2007) compared with the 10.8% reported here. More
study is needed to determine whether hypertension is more common in those with PAE.
Overall these dietary patterns indicated that children with PAE could be at risk for several
nutritional deficiencies.

Additionally, 100% of this cohort was at risk for Vitamin D deficiency, with intakes well
below that of U.S. children (Bailey et al., 2010). Although their dairy consumption and
calcium consumption were adequate, their poor vitamin D intake was explained by their
high consumption of cheese products, which have a low vitamin D content. When describing
their child's favorite foods, 31.6% of caregivers specifically cited cheese or cheese-

Werts et al. Page 6

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



containing foods (i.e. pizza, cheeseburger, macaroni and cheese), whereas only 25% favored
a high vitamin D food (milk or yogurt). The low intake is troubling because children in
northern regions such as Wisconsin synthesize sufficient vitamin D only seasonally, due to
the sun's low winter angle. Vitamin D is essential for calcium absorption, bone health,
immune function, and other roles. This population's residency and dietary practices
substantially heightened their risk for vitamin D deficiency. These exploratory data suggest
that children with PAE may be at risk for several nutritional deficiencies that are influenced
by their food preferences, disordered patterns of eating, and perhaps the stressful dynamics
surrounding food preparation and mealtime.

This study had several limitations. There was no control group, so responses were compared
with age- and sex-matched U.S. norms. The study population was limited to 19 participants,
14 of which contributed a 24-hour diet recall. Although 79% of children had confirmed PAE
or were diagnosed with FAS or FASD, the observed associations may not represent t
children with FASD as a whole. The 24-hour dietary recall provides a single dietary
snapshot and its accuracy relies upon memory, even with trained questioners. Diet histories
of children tend to overreport caloric intake, whereas adolescents and adults generally
underreport especially as BMI increases (Jonnalagadda et al., 2000; Livingstone et al.,
1992). Thus the reported dietary patterns could have been skewed by inaccurate memory of
caregivers. This is supported by a majority of participants reporting a total caloric intake
below 100% of the calculated EER. However, this difference could also be explained by an
over-estimation of energy needs because we assumed “active” fitness for those not
providing an activity level, and because self-reports tend to overestimate child physical
activity (Slootmaker et al. 2009).

In conclusion, female obesity, high sugar intake, inadequate micronutrient intake,
constipation, and patterns of disordered eating were common in a population with confirmed
PAE and/or FAS/FASD. Because the diagnosis was not always confirmed, these
observations may not be representative of the FAS/FASD population. However, a similarly
high incidence of nutrient inadequacies was recently documented in young children (3-5 yr
old) diagnosed with FASD (Fugelstad et al., accepted). Given the importance of adequate
nutrition to healthy child development, greater attention to nutritional issues in FASD has
the potential to improve these individuals' outcomes.
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Table 1
Population Characteristics

Sex Male 57.9% (11)*

Female 42.1% (8)

Mean Age All participants 9.6 ± 3.6 yrs

Males 10.6 ± 3.7 yrs

Females 8.2 ± 3.2 yrs

Prenatal Alcohol Exposure Confirmed 63.2% (12)

Suspected 36.8% (7)

Diagnosis FAS 10.5% (2)

PFAS 21.0% (4)

ARND 47.4% (9)

Partial ARND 5.3% (1)

No diagnosis 15.8% (3)

Mean Birth Weight All participants 3302g ± 556g (13)

> 2500 g 63.2% (12)

≤ 2500 g 5.3% (1)

Unknown 31.6% (6)

Dysmorphic Face 36.8% (7)

*
Value in parentheses indicates number of participants out of 19 total.
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Table 4
Macronutrient Intake of Subjects

Macronutrient % Below Recommendation % Adequate % Above Recommendation

Total Carbohydrate

 Total 0.0% 92.9% 7.1%

 Males 0.0% 87.5% 12.5%

 Females 0.0% 100% 0.0%

Protein

 Total 7.1% 92.9% 0.0%

 Males 12.5% 87.5% 0.0%

 Females 0.0% 100% 0.0%

Fat

 Total 14.3% 71.4% 14.3%

 Males 12.5% 75.0% 12.5%

 Females 16.7% 66.7% 16.7%

Dietary Fiber

 Total 64.3% 35.7% 0.0%

 Males 50.0% 50.0% 0.0%

 Females 83.3% 16.7% 0.0%

Sugar

 Total 0.0% 42.9% 57.1%

 Males 0.0% 62.5% 37.5%

 Females 0.0% 16.7% 83.3%

Linoleic Acid

 Total 50.0% 50.0% 0.0%

 Males 62.5% 37.5% 0.0%

 Females 50.0% 50.0% 0.0%

Alpha-Linolenic Acid

 Total 71.4% 28.6% 0.0%

 Males 62.5% 37.5% 0.0%

 Females 83.3% 16.7% 0.0%

All percentages are corrected for age-specific Acceptable Macronutrient Distribution Ranges from the NRC. Intakes that were >80% RDA but <UL
were defined as adequate. N=14 participants, 8 males and 6 females.
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Table 5
Micronutrient Intake of Subjects

Micronutrient <80% RDA Adequate > UL

Vitamin A Total 7.1% 28.6% 64.3%

Males 0.0% 37.5% 62.5%

Females 16.7% 16.7% 66.7%

Vitamin C Total 14.3% 85.7% 0.0%

Males 25.0% 75.0% 0.0%

Females 0.0% 100% 0.0%

Vitamin D Total 100% 0.0% 0.0%

Males 100% 0.0% 0.0%

Females 100% 0.0% 0.0%

Vitamin E Total 85.7% 14.3% 0.0%

Males 100% 0.0% 0.0%

Females 66.7% 33.3% 0.0%

Vitamin K Total 57.1% 42.9% 0.0%

Males 62.5% 37.5% 0.0%

Females 50.0% 50.0% 0.0%

Thiamin Total 7.1% 92.9% 0.0%

Males 12.5% 87.5% 0.0%

Females 0.0% 100% 0.0%

Riboflavin Total 0.0% 100% 0.0%

Males 0.0% 100% 0.0%

Females 0.0% 100% 0.0%

Niacin Total 7.1% 35.7% 57.1%

Males 12.5% 25.0% 62.5%

Females 0.0% 50.0% 50.0%

Vitamin B6 Total 0.0% 100% 0.0%

Males 0.0% 100% 0.0%

Females 0.0% 100% 0.0%

Vitamin B12 Total 0.0% 100% 0.0%

Males 0.0% 100% 0.0%

Females 0.0% 100% 0.0%

Folate Total 7.1% 57.1% 35.7%

Males 12.5% 50.0% 35.7%

Females 0.0% 67.3% 33.3%

Calcium Total 28.6% 71.4% 0.0%

Males 25.0% 75.0% 0.0%

Females 33.3% 66.7% 0.0%

Copper Total 0.0% 100% 0.0%

Males 0.0% 100% 0.0%

Females 0.0% 100% 0.0%
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Micronutrient <80% RDA Adequate > UL

Iron Total 7.1% 92.9% 0.0%

Males 0.0% 100% 0.0%

Females 16.7% 83.3% 0.0%

Potassium Total 85.7% 14.3% 0.0%

Males 75.0% 25.0% 0.0%

Females 100% 0.0% 0.0%

Sodium Total 0.0% 14.3% 85.7%

Males 0.0% 25.0% 75.0%

Females 0.0% 0.0% 100%

Zinc Total 0.0% 92.9% 7.1%

Males 0.0% 100% 0.0%

Females 0.0% 83.3% 16.7%

Choline Total 71.4% 28.6% 0.0%

Males 62.5% 37.5% 0.0%

Females 83.3% 16.7% 0.0%

β-Carotene Total 64.3% 14.3% 21.4%

Males 75.0% 12.5% 12.5%

Females 50.0% 16.7% 33.3%

*
Vitamin A content includes retinol and carotenoids (alpha-carotene, beta-carotene, and cryptoxanthins); Beta-carotene does not have an RDI, but

a recommended range of 3-6 mg/day. RDA, Recommended Daily Allowance; UL, Tolerable Upper Intake Level. N=14, 8 males and 6 females.
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Table 6
Comparison of Study Population to U.S. Population Norms

Nutrient Average Intake Study Population (mean age 9.3yr) Average Intake of U.S. Children

Ages < 6yr Ages 6 – 11 yrs Ages 12-19 yr

Carbohydrate 1,2 57.6% 55.4% 55.2% 54.8%

Protein 1,2 15.0% 13.2% 13.2% 13.7%

Fats & Lipids 1,2 29.0% 32.9% 32.9% 32.0%

Sugar 3 25.3%

23.3% (M) 13.5% (M) 16.6% (M) 17.5% (M)

27.9% (F) 13.2% (F) 15.7% (F) 16.6% (F)

Folate, μg 2 431 μg 255 μg 339 μg 372 μg

Iron, mg 2 15.1 mg 12.9 mg 14.4 mg 15.9 mg

Sodium, mg 2 3049 mg 2114 mg 3255 mg 3586 mg

Choline, mg 4 227.6 mg

243 mg (M) 200 mg (M) 250 mg (M) 330 mg (M)

207 mg (F) 205 mg (F) 210 mg (F) 215 mg (F)

Potassium, mg5 2632 mg

2805 mg (M) 2092 mg (M) 2248 (M) 2750 mg (M)

2401 mg (F) 2046 mg (F) 2092 mg (F) 2008 mg (F)

Ages 4 – 8 yrs Ages 9 – 13 yrs Ages 14-18 yrs

Calcium, mg 6 1202 mg

1344 mg (M) 1058 mg (M) 1074 mg (M) 1266 mg (M)

1013 mg (F) 869 mg (F) 1039 mg (F) 1249 mg (F)

Vitamin D, IU 6 121 IU

128 IU (M) 264 IU (M) 336 IU (M) 228 IU (M)

112 IU (F) 316 IU (F) 320 IU (F) 244 IU (F)

1
Expressed as % of total calories.

References for U.S. Intakes:

2
Wright et al., 2003;

3
Ervin et al., 2012;

4
Chester et al., 2011;

5
Hoy and Goldman, 2012;

6
Bailey et al., 2010.

(M), value for 8 males; (F), value for 6 females; IU, international units. Sodium value does not include discretionary use.
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