
ORIGINAL RESEARCH
published: 08 August 2019

doi: 10.3389/fnut.2019.00117

Frontiers in Nutrition | www.frontiersin.org 1 August 2019 | Volume 6 | Article 117

Edited by:

Inge Tetens,

University of Copenhagen, Denmark

Reviewed by:

Sergiy Smetana,

German Institute of Food

Technologies, Germany

Alessandra Bordoni,

University of Bologna, Italy

*Correspondence:

Adam Drewnowski

adamdrew@uw.edu

Specialty section:

This article was submitted to

Nutrition and Food Science

Technology,

a section of the journal

Frontiers in Nutrition

Received: 01 May 2019

Accepted: 16 July 2019

Published: 08 August 2019

Citation:

Maillot M, Vieux F, Rehm CD,

Rose CM and Drewnowski A (2019)

Consumption Patterns of Milk and

100% Juice in Relation to Diet Quality

and Body Weight Among

United States Children: Analyses of

NHANES 2011-16 Data.

Front. Nutr. 6:117.

doi: 10.3389/fnut.2019.00117

Consumption Patterns of Milk and
100% Juice in Relation to Diet Quality
and Body Weight Among
United States Children: Analyses of
NHANES 2011-16 Data
Matthieu Maillot 1, Florent Vieux 1, Colin D. Rehm 2, Chelsea M. Rose 3 and

Adam Drewnowski 3*

1MS-Nutrition, Faculté de Médecine la Timone, Laboratoire C2VN, Marseille, France, 2 Albert Einstein College of Medicine,

Montefiore Medical Center, New York, NY, United States, 3Center for Public Health Nutrition, University of Washington,

Seattle, WA, United States

Background: The American Academy of Pediatrics (AAP) has recommended placing

limits on the consumption of milk and 100% juice by children.

Methods: Consumption data for 9,069 children aged 2–19 years came from three

cycles of the nationally representative National Health and Nutrition Examination Survey

(NHANES 2011-2016). Beverages were classified into 100% juices, milk (whole, reduced

fat, and skim), caloric sugar sweetened beverages (SSB), low calorie beverages (LCB),

and drinking water. The Healthy Eating Index 2015 and Nutrient Rich Food Index NRF9.3

were two measures of diet quality. Analyses examined consumption patterns for milk and

100% juice in relation to diet quality, AAP recommendations, and BMI z-scores across

time and for different age groups.

Results: Intakes of milk and 100% juice declined sharply with age, whereas SSB

and water increased. Top quartiles of HEI 2015 and NRF9.3 diet quality scores were

associated with higher intakes of water, milk, and 100% juice and with lower intakes of

SSB. Lower-income groups drank less skim milk and water and more whole milk and

SSB. Only 30% of the children consumed any 100% juice. There was no association

between the consumption of milk or 100% juice and BMI z-scores for any age group.

Conclusions: Top quartiles of diet quality were associated with more milk, 100% juice,

and water, and less SSB. Higher quality diets were associated with lower compliance

with the AAP 100% juice recommendations. Compliance with the AAP 100% juice

recommendations was not associated with lower body weights. Attempts to limit the

consumption of milk and 100% juice by childrenmight have the unintended consequence

of increasing consumption of SSB and may have limited value for obesity prevention.
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INTRODUCTION

The role of milk and 100% fruit juice in the US children’s
diets continues to be a topic of debate (1–6). To prevent
excess weight gain, the American Academy of Pediatrics (AAP)
has recommended that children switch to low-fat or non-
fat milk after the age of 2 years (7). The AAP has also set
limits on the consumption of 100% fruit juices. The suggested
amounts for 100% fruit juice were 4–6 oz./d for children aged
4–6 years and up to 8 oz./d for children aged 7–18 years
(8). That would limit 100% fruit juice to only one of the
recommended 2 to 2 ½ cups of fruit servings per day. For the
remainder of the paper 100% juice will be referred to simply
as “juice.”

Past studies have shown that beverage drinking patterns built
around milk and juice were more nutrient-rich than beverage
patterns built around sugar-sweetened beverages (SSB) (4).
However, only a small minority of children drank mostly milk,
juice, or both. The consumption of milk and juice dropped
sharply with age, to be replaced by SSB. Efforts are under way
to replace SSBs along with juices and milk in the children’s diets,
with non-caloric and non-nutritive plain drinking water.

Replacing one food or one beverage with another can
be problematic when consumption patterns fall along a
socioeconomic gradient (9). In past studies, consumption
patterns for juice, milk, and even tap water showed very different
links to socioeconomic status (SES) (10). For example, higher-
SES groups consumed more whole fruit, whereas lower-SES
groups drank more fruit juice. Economic issues may have been
an underlying factor. A modeling study showed that while
eating whole fruit cost more, a combination of whole fruit and
juice effectively remedied inadequate fruit consumption, without
increasing diet cost (11).

However, social gradients in other beverage choices are not
always related to cost. Past analyses of NHANES data showed
that higher SES groups drank more low-fat milk, whereas lower
SES groups drank more whole milk. Higher SES groups drank
more diet soda, whereas lower SES groups drank more regular
soda. Higher SES groups also drank more plain water from the
tap (12–14).

Obesity prevalence in childhood and in adult life also follows
a socio-economic gradient (15). We may therefore expect SES-
driven consumption of whole fruit, skim milk, and water to
be associated with lower obesity rates. Indeed, reducing added
sugars by replacing SSB with plain drinking water is a recognized
strategy for obesity prevention (16). However, past studies
linking beverage consumption to body weight may not have
fully accounted for the potential (and mostly unobserved) SES
confounds. Whereas, obesity has been viewed as the direct
consequence of eating a specific food or beverage, it can also be
viewed as the outcome of eating patterns associated with lower
education and lower incomes (17).

This study examined consumption patterns for milk, fruit
juice, and water in a representative sample of toddlers, children,
and adolescents in the US. The primary goal was to examine the
relation between beverage consumption patterns and diet quality
measures. A secondary goal was to examine any links between the

consumption ofmilk and juice and bodyweight by age, within the
confines of a cross-sectional study design.

MATERIALS AND METHODS

Dietary intakes data for 9,069 children aged 2–19 years came
from the first day of the National Health and Nutrition
Examination Survey (2011-2016 NHANES). The NHANES 24-
h recall uses a multi-pass method, where respondents reported
the types and amounts of all food and beverages consumed in
the preceding 24-h, from midnight to midnight. The multi-pass
method is conducted by a trained interview using a computerized
interface. The recall first identifies a quick list of foods and
beverages consumed. The time and occasion for each food
item is also obtained. A detailed cycle is then conducted that
records the amounts consumed, followed by a final probe for
any frequently forgotten foods (beverages, condiments). Day 1
interviews were conducted by trained dietary interviewers in a
mobile examination center. For children of 4-5 years, the dietary
recall was completed entirely by a proxy respondent (i.e., parent
or guardian with knowledge of child’s diet). Children aged 4–11
years were the primary respondents, but a proxy respondent was
present and able to assist. Children aged 12–19 years were the
primary source of dietary recall information, but could be assisted
by an adult who had knowledge of their diet.

Participant Characteristics
NHANES participants were stratified by gender and age.
The sample was stratified by age into toddlers (2–4 years);
young children (5–8 years); older children (9–13 years);
and adolescents (14–19 years). These age groups generally
correspond to the age groups used by the IOM (18). The cut-
points for the family income-to-poverty ratio were: <1.3, 1.3–
1.849, 1.85–2.99, and ≥3.0. Information from the demographic
NHANES questionnaires was used to stratify the sample by
race/ethnicity, defined as Non-Hispanic White; Non-Hispanic
Black, Mexican American, Other Hispanic, Non-Hispanic Asian,
and other/mixed race (19). The ethics board review for the
NHANES data collection is documented by the National Center
for Health Statistics online (20). Analyses of publicly available
federal NHANES data are exempt from approvals by Institutional
Review Boards.

Beverage Consumption Patterns
Beverages were classified into 6 categories as follows: (1) fruit
juices (citrus juices, apple juice, and non-citrus juices) and
vegetable juices. (2) Milk and milk beverages, separated into
whole, reduced fat, and skim. (3) Other caloric sugar sweetened
beverages or SSB (>50 kcal/240g). (4) Other non-caloric and
low-calorie beverages or LCB (<50 kcal/240g). (5) Drinking
water, separated into tap and bottled. (6) Baby formula. The
100% fruit juice blends (e.g., apple-cranberry) were included in
the juice category but sweetened fruit-based drinks with added
sugars were placed among SSBs. All milk analyses were stratified
into 3-levels: whole, reduced, and low-fat/skim. Baby formula
was included, even though its consumption was low. Very few
toddlers> 2 years old consumed breast milk.
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Measures of Diet Quality
Energy and nutrient intakes for NHANES participants were
calculated using the Food and Nutrient Database for Dietary
Studies 2011-2014, customized with the addition of vitamin D
and added sugars. This information was supplemented with data
from the Food Patterns Equivalents Database (FPED) from the
United States Department of Agriculture (USDA) (21).

The HEI-2015 is the latest iteration of the USDA diet quality
measurement tool, specifically designed to monitor compliance
with the 2015 Dietary Guidelines for Americans (22). The HEI-
2015 is a 100-point scale where the adequacy components are
fruits (10 points), vegetables (10), grains (10), dairy (10), protein
foods (10), and fats (10). The HEI 2015 adequacy component
is based around food groups to encourage, with some food
categories called out by name (i.e., total vegetables, dark-green
and orange vegetables, total fruit, whole fruit, whole grains, total
protein foods, protein from seafood and plant sources, the ratio
of polyunsaturated and monounsaturated fatty acids to saturated
fatty acids, and total dairy). The moderation component listed
foods and nutrients to limit that included refined grains, sodium
added sugars and saturated fats. Former versions listed SoFAAs,
a composite of solid fat, alcohol, and added sugars that served as
a summary measure of empty calories.

The Nutrient Rich Foods (NRF) index served as the second
measure of dietary nutrient density (23–25). The NRF9.3d
variant is an energy-adjusted diet quality score that is based
on 9 nutrients to encourage and 3 nutrients to limit. Reference
daily values (DVs) were based on the US Food and Drug
Administration (FDA) and other standards (26). The qualifying
nutrients to encourage and standard reference amounts were
as follows: protein (50 g), fiber (28 g), vitamin A (900 RAE),
vitamin C (90mg), vitamin D (20 mcg), calcium (1300mg),
iron (18mg), potassium (4,700mg) and magnesium (420mg).
The 3 disqualifying nutrients and maximum recommended
values (MRVs) were: added sugar (50 g), saturated fat
(20 g) and sodium (2,300mg). The NRF was calculated
as follows.

NRF 9.3d = (NR− LIM) × 100

with

NR =

9∑

i=1

Intakei/Energy× 2000

DVi

and

LIM =

3∑

i=1

Intakei/Energy× 2000

MRVi
− 1

where intakei is the daily intake of each nutrient i, and DVi is the
reference daily value for that nutrient. In NR calculation, each
daily nutrient intake i was adjusted for 2000 kcal and expressed
in percentage of DV. Following past protocol, percent DVs for
nutrients were truncated at 100, so that an excessively high intake
of one nutrient could not compensate for the dietary inadequacy
of another. In LIM, only the share in excess of the recommended
amount was considered.

The development and validation of the NRF family of nutrient
density indices have been reported in the literature (27). In the
present adaptation, vitaminD, a nutrient of public health concern
(28), replaced vitamin E. Fiber, vitamin D, calcium, magnesium,
and potassium were all identified in the 2015 Dietary Guidelines
for Americans as nutrients of concern (28). The NRF score was
adjusted for energy intakes, analogous with the recent versions of
the USDAHealthy Eating Index, a federal measure of diet quality
(22). Both NRF9.3d and HEI 2015 were corrected for dietary
energy (1,000 kcal for HEI and 2,000 kcal for NRF).

Plan of Analysis
The sample was stratified by gender, age group, IPR (income-
to-poverty ratio) and race/ ethnicity. Diet quality measures—
Healthy Eating Index 2015 and the Nutrient Rich Food (NRF)
index—were dichotomized to allow for comparisons between
high quality diets and diets that needed work (22). Healthy
diets were those in the top quartile of HEI 2015 and NRF
scores. Weight status was measured using BMI z-scores that
were split into 4 classes using clinically meaningful cut-points.
We then conducted regression analyses between key indexes of
consumption and BMI z-scores, adjusting for covariates.

Analyses of beverage consumption (g/day) were conducted
for the entire population and by age group. All analyses
accounted for the complex survey design of NHANES data and
are representative of the US population. Data analyses were
conducted using Stata 13.1 (College Station, TX) and SAS 9.4
(SAS institute, Cary, NC).

RESULTS

Table 1 shows participant characteristics. The sample of children
and adolescents was evenly distributed by gender and income-to-
poverty ratio (IPR). The sample was 52.1 %Non-HispanicWhite;
14.6% Non-Hispanic Black, 15.7% Mexican American, and 8.0%
other Hispanic.

Beverages were separated into juice, milk (whole, reduced,
skim), SSB, LCB, and water. Figure 1 shows beverage
consumption (in g/d) by age group. Panel 1 (left) shows
absolute intakes in g/d; panel 2 (right) shows proportions. The
consumption of milk (all types) and juice declined sharply
with age. Conversely, the consumption of water, SSB, and LCB
increased with age. Absolute intake data presented in Figure 1

are also available in Supplemental Table 1.
Beverage consumption patterns were linked to incomes, as

expected. Figure 2 shows socioeconomic gradient in beverage
consumption by 4 IPR strata, separately for each age group.
There was a progressive drop in the consumption of whole milk
at higher household incomes and a corresponding increase in
consumption of reduced fat and skim milk. There was also an
income associated drop in SSB consumption and an increase in
LCB and water consumption. Consumption of juice was lower at
higher IPR but only for young children (2–4y).

Figure 3 shows that beverage consumption patterns varied by
race/ethnicity. Non-Hispanic White children drank more water,
LCB, and skim milk than other racial/ethnic groups, especially
after age 9 years. Non-Hispanic Black children drank more SSB,
again especially later in childhood after 9 years.
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TABLE 1 | Sample characteristics by age group, demographics, diet quality and BMI z-scores.

Total 2–4y 5–8y 9–13y 14–19y p-value

N = 9069 N = 1729 N = 2133 N = 2501 N = 2706

n % % % % %

Gender 0.10

Male 4574 51.0 48.3 54.2 50.1 51.0

Female 4495 49.0 51.7 45.8 49.9 49.0

Family IPR 0.02

<1.3 2892 24.5 27.1 26.8 23.7 22.3

1.3-1.849 2280 22.8 23.4 21.3 23.1 23.3

1.85-2.99 1590 21.1 18.0 19.8 24.6 20.6

≥3.0 1655 25.8 25.7 26.5 23.7 27.1

Missing 652 5.7 5.8 5.5 4.8 6.6

Race/ethnicity 0.58

Non-Hispanic White 2335 52.1 50.7 52.0 51.5 53.4

Non-Hispanic Black 2345 14.6 15.2 14.5 13.6 15.1

Mexican American 1925 15.7 15.2 15.9 15.9 15.7

Other Hispanic 1032 8.0 8.7 8.5 8.6 6.9

Non-Hispanic Asian 867 4.6 4.5 4.3 4.9 4.8

Other 565 4.9 5.6 4.9 5.4 4.1

BMI Z-score cutpoints <0.001

Underweight 295 3.4 2.9 3.7 3.8 3.0

Normal 5521 61.8 70.1 64.1 58.4 58.9

Overweight 1443 15.7 13.6 14.4 17.4 16.1

Obese 1645 17.6 9.5 17.5 19.9 19.8

Missing 165 1.6 3.9 0.3 0.5 2.1

HEI 2015 <0.001

Low (below Q3 = 56.58) 6760 75.0 60.6 74.0 78.7 79.7

High (above Q3 = 56.58) 2309 25.0 39.4 26.0 21.3 20.3

NRF9.3 <0.001

Low (below Q3 = 653.38) 6901 75.0 58.4 72.5 77.3 82.7

High (above Q3 = 653.38) 2168 25.0 41.6 27.5 22.7 17.3

Data for children and adolescents, United States 2011-2016 NHANES.

FIGURE 1 | (A) Intakes in grams per day by beverage type and by age group. (B) Intakes in percent of daily intake by beverage type and by age group.
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FIGURE 2 | (A) Intakes in grams per day by beverage type and by age group and IPR strata. (B) Intakes in percent of daily intake by beverage type and by age group

and IPR strata.

FIGURE 3 | (A) Intakes in grams per day by beverage type and by age group and race/ethnicity. NHW, Non-Hispanic White; NHB, Non-Hispanic Black; Mex, Mexican

American; OH, Other Hispanic. (B) Intakes in percent of daily intake by beverage type and by age group and race/ethnicity.

Diet Quality and Beverage Consumption
Figure 4 shows beverage consumption patterns that were
associated with the top quartile of HEI 2015 scores. Data are
shown separately for each age group. The left panels show
absolute intakes; right panels show proportions. Diets in the top
quartile of HEI 2015 scores had more fruit juice, more reduced-

fat and skim milk, and more drinking water. Lower quality diets
were associated with higher SSB intakes.

The same pattern was observed using NRF9.3 as the measure

of diet quality. Figure 5 shows beverage patterns associated with

lower and higher NRF scores. Data are shown separately for each
age group. The left panels show absolute intakes; right panels

show proportions. Diets in the top quartile of NRF9.3 scores had
more fruit juice, more skim and reduced-fat milk andmore water.

Lower quality diets were associated with higher SSB intakes.

Beverage Consumption Patterns and Body
Weight Status
Table 2 shows beverage consumption patterns as a
function of BMI z-scores, separated into 4 classes:
underweight, normal, overweight, and obese. There was
no relation between fruit juice consumers and body
weight status. There was no relation between milk
consumption and body weight status. There was no
significant relation between water consumption and body
weight status.

To test for interactions, additional analyses were conducted
with BMI classes as independent variables and fruit juice, milk,
and water as dependent variables, adjusting for gender and age
group, poverty level, and ethnicity. The age∗BMI interaction was
also included in the general linear model to test whether any
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FIGURE 4 | (A) Intakes in grams per day by beverage type and by age group and HEI quartile: lower (<56.58) vs. higher (>56.58). (B) Intakes in percent of daily

intake by beverage type and by age group and HEI quartile: the lower (<56.58) vs. higher (>56.58).

FIGURE 5 | (A) Intakes in grams per day by beverage type and by age group and NRF quartiles: the lower (<653.38) vs. higher (>653.38). (B) Intakes in percent of

daily intake by beverage type and by age group and NRF quartile: the lower (<653.38) vs. higher (>653.38).

interaction between beverage consumption and BMI classes was
age dependent. No significant interactions were observed.

Table 3 shows percent compliance with the AAP
recommendations for juice consumption, separately for
each age group. Dietary compliance was calculated separately for
each age group according to AAP standards. For 1–3 year-olds,
the standard was <=2 oz juice per day; for 4–6 year-olds, it was
between 4 and 6 ounces per day, and for 7–18 year-olds it was <

8 ounces per day.
The data are split by gender, diet quality and BMI z-

scores. First, diets of about 70% of the children were
consistent with the AAP recommendations. Compliance
rates ranged for 38% to 85% depending on age-specific
consumption limits set by AAP. Interestingly, higher quality
diets, assessed using two separate diet quality scores, were

associated with lower compliance with AAP guidelines
for juice. There was no relation between diets consistent
with AAP recommendations and the children’s body
weight status.

DISCUSSION

Based on a representative sample of US toddlers, children, and
adolescents aged 2–19 years, the present analyses include the
most recent NHANES 2015-16 data. The comparisonsmade were
between milk, juice and drinking water. We have previously
identified beverage patterns built around milk and juice as
providing an optimum selection of nutrients—from vitamin C to
calcium and protein (4). However, few children in the NHANES
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TABLE 2 | Average amount (g/d) of fruit juices, milk, and water by BMI class, in the total NHANES sample.

Fruit juices Milk Water

BMI classes N Mean SE Lower limit Upper limit Mean SE Lower limit Upper limit Mean SE Lower limit Upper limit

Underweight 295 70.30 15.57 38.98 101.62 265.65 36.11 193.01 338.29 536.36 125.47 283.94 788.78

Normal 5521 88.01 4.27 79.42 96.60 259.38 8.66 241.97 276.80 636.51 24.04 588.16 684.87

Overweight 1443 85.70 5.53 74.58 96.81 237.47 8.44 220.49 254.44 667.70 33.92 599.46 735.95

Obese 1645 72.10 6.80 58.41 85.78 235.57 9.08 217.30 253.83 758.78 36.83 684.69 832.87

Missing 165 122.34 32.61 56.72 187.95 212.21 31.68 148.48 275.94 673.41 86.55 499.30 847.52

TABLE 3 | Compliance with American Academy of Pediatrics (AAP) recommendations for fruit juice by gender, diet quality and body weight status.

Total 2–4y 5–8y 9–13y 14–19y

N = 9069 N = 1729 N = 2133 N = 2501 N = 2706

n % % % % %

GENDER

Male 4574 68.0 38.1 48.7 83.3 82.8

Female 4495 71.4 44.9 50.0 86.0 85.8

p-value 0.03 0.05 0.66 0.12 0.15

HEI 2015

Low (below Q3 = 56.58) 6760 73.4 44.0 49.8 88.0 86.7

High (above Q3 = 56.58) 2309 58.4 38.0 47.8 72.1 74.8

p-value <0.001 0.06 0.55 <0.001 <0.001

NRF9.3

Low (below Q3 = 653.38) 6901 72.4 39.8 50.4 86.4 85.6

High (above Q3 = 653.38) 2168 61.2 44.2 46.5 78.6 77.9

p-value <0.001 0.14 0.35 0.008 0.0002

BMI Z-SCORE CUTPOINTS

Underweight 295 77.5 52.6 70.4 82.7 89.0

Normal 5521 68.1 42.8 47.4 85.7 83.4

Over weight 1443 69.6 36.0 48.0 84.1 83.2

Obese 1645 73.3 35.0 52.9 82.2 86.7

Missing 165 70.2 47.7 51.2 88.9 88.8

p-value 0.02 0.18 0.11 0.64 0.45

Data are shown separately for each age group.

2011-14 dataset drank mostly milk and juice. The vast majority
had beverage drinking patterns built around SSB.

In the present study, diets in the top quartile of HEI 2015 and
NRF9.3 scores had more milk, more juice, and more water. By
contrast, lower quality diets had more SSB.

We also confirm the previously observed age effect—whereas
milk and juices sharply decline with age, SSB and water
increase. The age-related shifts in beverage choice can have
consequences for nutrient density of the diet. Preventing the shift
to SSB by continuing to drink milk and juice can confer some
nutritional advantage.

Previously observed social gradients in beverage consumption
were also confirmed in the present analyses. As expected,
children from households with higher SES groups drank more
skim and reduced fat milk and more water. By contrast,
children from households with lower SES drank more SSB
and more whole milk. A similar relationship for race/ethnicity

was observed where Non-Hispanic White children drank
more water, LCB, and skim milk and NHB children drank
more SSB.

Previous studies showed that the consumption of whole
fruit vs. fruit juice was income driven. Whereas, higher
SES groups consumed more whole fruit, lower SES groups
consumed more juice. Those studies also indicated that whole
fruit accounted for 66% of total fruit consumption; there
was no indication that juice displaced whole fruit in any
way (29).

The present analyses showed no association between juice
consumption and BMI z-scores, in line with a recent review
concluded that there is not enough evidence to support the
association of fruit juice intake and weight status or adiposity
(2). A recent meta-analysis found that consumption of fruit juice
lead to small, not clinically significant weight gain in children
aged 1–6 years and no weight gain in older children (7–18 years).
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The researchers suggest that the type of fruit juice consumed
may account for this age difference; where younger children
tend to drink apple juice and older children are more likely
to consume orange juice, which may have different effects on
cardiometabolic health due to differences in glycemic load (16).
Similar analyses were conducted for whole, reduced fat, and
skim milks.

Only about 30% of children drank juice on the first
day of NHANES data collection. Although beverage drinking
patterns built around milk and juice are most nutrient rich,
most children drink SSB. Furthermore, both milk and juice
consumption drop with age, whereas the consumption of
SSB and water increases. Replacing milk and juice with
water is one public health goal—however, milk and juice
are also being replaced with SSB. Promoting milk and
juice consumption into early adolescence may have some
nutritional advantages.

The present analyses incorporate one of the few analyses
of how compliance with the AAP juice guidelines related to
diet quality overall. First, compliance with the AAP guidelines
was lower for younger children who drank for juice than older
children. Older children drank less juice and were therefore more
compliant with the AAP guidelines; however, those children also
drank more SSB. Paradoxically, better compliance with AAP
guidelines (i.e., less juice) was associated with lower dietary
nutrient density scores (i.e., more SSB). Whereas, replacing
juice with plain water may be the desirable public health goal,
the fact is that both water and SSB consumption increase
with age.

Second, there was no association between compliance with
AAP recommendations and body weight status. Together these
novel results, albeit based on cross-sectional data, suggest that
limiting juice intake may not have the intended effect of reducing
obesity risk and may be at odds with other measures of
diet quality.

The present study had limitations. Most important, the
NHANES data were cross sectional, meaning that no causal
inferences can be drawn. The present discussion is therefore
limited to associations or lack thereof. Dietary intakes data were
self-reported, and included proxy report for children 5 years or
younger. There are limits to the accuracy of the self-reported data,
such that participants are likely not able to report specific details
of their intake; i.e., whether a juice was pasteurized or sterilized.
Thus, the USDA nutrient composition database only classifies
juice into the following categories; freshly squeezed, canned,
bottled, frozen reconstituted from concentrate. In addition, self-
reported dietary data are always subject to under- and over-
reporting. However, the NHANES data are thoroughly examined
in several rounds by trained reviewers before being approved
for usage, ensuring high quality data (30). Finally, due to the
cross-sectional design of the NHANES study, causality cannot
be inferred from the data. Despite these limitations, NHANES
data are still used as the basis for dietary policies in the US.
Nutrient profiling models of nutrient density are nutrient based
and may not adequately capture multiple aspects of healthy food

patterns. The same limitation applies to the food and nutrient
based Healthy Eating Index 2015. Though it is the preferred
USDA measure of compliance with the 2015 USDA dietary
guidelines, it may not adequately capture food patterns across the
social strata.

CONCLUSIONS

Beverage consumption patterns varied with age; older
children replaced milk and juice with SSB and to some
extent with water. Higher SSB consumption was associated
with lower quality diets. Lower compliance with AAP
recommendations was associated with higher quality diets.
While the current dietary guidance is for children to replace
milk and juice with plain water, there is a high likelihood
that children will drink palatable SSB instead. Finally,
the AAP recommendation to limit juice intake were not
associated with weight status, suggesting that compliance
with the recommendations may have limited value for
obesity prevention.
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