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Abstract: Fruit juice consumption during childhood remains controversial. Here, we evaluated the
association between preadolescent 100% fruit juice intake and later adolescent diet quality and body
mass index (BMI). We used prospective data over 10 years from the National Growth and Health
Study for 1921 black and white girls, ages 9-10 years at baseline, for analyses of diet quality, and
2165 girls for BMI analyses. Statistical analyses included repeated measures analysis of variance and
logistic regression models. Girls who drank >1.0 cup/day of fruit juice in preadolescence consumed
0.44 cup/day more total fruit in later adolescence than non-juice-drinking girls (p < 0.0001). White
and black girls who drank >1.25 cups/day in preadolescence were 2.62 (95% CI: 1.35-5.08) and 2.54
(1.27-5.07) times more likely, respectively, to meet the Dietary Guidelines for whole fruit by later
adolescence than those with the lowest juice intakes. Further, fruit juice consumption was positively
associated with diet quality scores. Overall, girls consuming >1.25 cups/day of juice had a BMI in
late adolescence that was 1.7 kg/m? lower than that of non-juice-drinking girls. In conclusion, early
adolescent fruit juice intake was positively associated with subsequent whole fruit consumption,
better diet quality, and lower BMI in later adolescence.

Keywords: fruit juice; fruit intake; diet quality; pediatric obesity; BMI; adolescence; Healthy Eating
Index

1. Introduction

Fruit is an important source of beneficial nutrients and has anti-inflammatory and
antioxidant properties [1]. Fruit consumption has also been linked with positive health
outcomes, including reduction in risk of hypertension and cardiovascular diseases [2,3].
Current Dietary Guidelines for Americans (DGA) recommend that at least half of the
recommended total daily fruit intake for both children and adults should be derived from
whole fruit [4]. While the nutrient composition of whole fruit and fruit juice is very similar,
whole fruit is considered by some to be superior to 100% fruit juice due to its higher fiber
content and slower absorption in the gut [5]. Data from the National Health and Nutrition
Examination Survey (NHANES) suggest that children and adolescents generally fail to
meet the DGA recommendations for total fruit consumption [6,7]. Although one analysis
suggests that whole fruit intake has improved over time [8], the declining intakes of fruit
juice over the last few decades may be responsible for the failure of most children to meet
the current recommendations for total fruit consumption [9]. It is possible that fruit juice
consumption may encourage the later consumption of whole fruit, although data on its
contribution to whole fruit intake are limited. Recent data from NHANES found that
children who consumed both more milk and more 100% fruit juice had higher scores on
the Healthy Eating Index (HEI) [10].

Fruit juice consumption among children is controversial primarily due to concerns
about its energy content and the resulting potential for excess weight gain and metabolic
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disturbances [11]. At least one recent study found fruit juice consumption to be associated
with higher levels of abdominal adiposity [12]. However, a 2016 review of 22 studies found
no independent association between 100% fruit juice and risk of childhood obesity [13],
and another more recent review also concluded that 100% fruit juice was not generally
associated with excess weight gain or other metabolic problems during childhood [14]. Re-
cent data from the Growing Up Today Study (GUTS) found an inverse association between
orange juice consumption and body mass index (BMI) in girls and a null association in
boys [15]. Another analysis in that same study also found orange juice consumption to be
positively associated with height gain but not with weight gain [16].

A 2019 study of 100% fruit juice intake and diet quality among adults in the NHANES
cohort concluded that fruit juice consumption was positively associated with diet qual-
ity [17]. A 2017 review of this topic by an expert panel concluded that children consuming
higher amounts of 100% fruit juice had better diet quality, with higher intakes of folate, vita-
min C, and potassium [18]. In another such study, children who consumed more 100% fruit
juice were more likely to have adequate intakes of dietary fiber, potassium, magnesium,
and vitamin C [14].

In this study, data from the prospective National Heart, Lung, and Blood Institute’s
National Growth and Health Study (NGHS) were used to evaluate the association between
100% fruit juice consumption in preadolescence and subsequent intakes of whole and total
fruit in white and black girls throughout adolescence. We hypothesized that girls who
consumed more fruit juice at baseline would have higher scores on the Healthy Eating
Index (HEI) [19] and a higher likelihood of meeting the DGA for fruit consumption. In
addition, we theorized that girls consuming more fruit juice would have no greater gains
in BMI during adolescence than those who consumed less.

2. Materials and Methods
2.1. Subjects

The NGHS is a prospective study that began in 1987 with the recruitment and enroll-
ment of 2379 9-10 year old (preadolescent) girls. There were approximately equal numbers
of black and white girls, and they were followed annually for 10 years. In an attempt to
provide a representative sample of urban residential and suburban families, participants
were recruited from three clinical centers: the University of California at Berkeley, Berkeley,
CA, USA; the University of Cincinnati—Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA; and Westat, Inc., Rockville, MD, USA (which was associated with
a Washington, DC metropolitan-area health maintenance organization). Girls who self-
declared as black or white and whose parents were similarly self-identified were eligible to
participate if they were 9-10 years of age at the time of the first clinic visit and their parents
or guardians signed an informed consent. Details of the original study design and methods
have been previously published [20]. Of the 2379 girls enrolled at baseline, 36 failed to
provide dietary data at the first visit and an additional 422 girls were missing dietary data
through the end of follow-up (at age 17 or older), leaving 1921 girls for the analysis of fruit
juice consumption and diet quality. For the analyses of juice intake and BMI, we excluded
36 girls missing dietary data at baseline and 178 girls with missing BMI at age 17 or older.
This left 2165 girls for the BMI analyses.

The original NGHS protocol was approved by the Institutional Review Board (IRB)
of each participating clinical center. These secondary analyses were deemed exempt
by the Boston University Medical Campus IRB. The original data used in this study
are publicly available through the NHLBI's BioLINCC repository (Biologic Specimen
and Data Repository Information Coordinating Center (BioLINCC, Bethesda, MD, USA),
RRID:SCR_013142).

2.2. Dietary Intake

Each child’s diet was evaluated using 3-day diet records during 8 of the 10 years of
follow-up (years 1-5, 7, 8, and 10). Participants received instructions for completing the
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diet records from a trained study nutritionist using age-appropriate language. Girls were
taught to record all food and drink consumed on three consecutive days, including two
weekdays and one weekend day. The girls used standard measuring cups, spoons, and
geometric shapes to estimate portion sizes and, whenever necessary, received information
from a parent on recipes, brands, and other details of the foods consumed. A standardized
debriefing was carried out for each set of dietary records. Data were entered into the
Nutrition Data System (NDS) of the University of Minnesota, Minneapolis, MN (Food
Table Version 19 was used at baseline, with updated versions of the database being used as
the study progressed) [21]. During the first two years, data were entered at the Nutrition
Coordinating Center (NCC, Minneapolis, MN, USA) of the University of Minnesota while
in subsequent years, data were entered onsite by a NCC-trained nutritionist. Data on
food servings including cup-equivalents of whole (raw) fruit (e.g., apples, pears, citrus
fruits, melons, and berries), 100% fruit juice (consumed as a beverage), and total fruit
(from all sources) were derived by the authors (M.R.S. and L.L.M.) by linking NDS food
codes with USDA food codes [22]. Sweetened juices, such as cranberry juice and part-juice
drinks, were excluded from the category of 100% fruit juice in these analyses, but the fruit
portion of a part-juice drink (e.g., the fruit in a fruit smoothie) was counted in the total
fruit category. Intakes of total fruit, whole fruit, and 100% fruit juice were estimated as
the mean intake across all available days of dietary data within each of the following age
groups: 9-10, 11-12, 13-14, 15-16, and 17-20 years. There were 186 girls who provided the
first set of dietary records after they had turned 11 years old because the dietary records
were completed between the baseline visit (when the girls were 9-10 years of age) and the
second visit (when they were 11-12 years of age). Data for these girls were included in the
calculation of baseline fruit juice intake.

2.3. Diet Quality

The HEI is a measure of diet quality that was designed through the collaborative
efforts of the USDA (Washington, DC, USA) and the National Cancer Institute (Bethesda,
MD, USA) to evaluate the extent to which an individual’s dietary intake met the recom-
mendations of the DGA. The HEI is comprised of 13 component scores with a maximum
total score of 100. Fruit is included in two components: total fruit and whole fruit, with
total fruit including both whole fruit and 100% fruit juice. HEI scores were calculated using
the HEI Scoring Algorithm available at https://epi.grants.cancer.gov/hei/sas-code.html.
(accessed on 4 May 2023)

2.4. Body Mass Index (BMI)

Height was measured annually in duplicate using a portable stadiometer, and weight
was measured on a digital scale. BMI was estimated as mean weight (in kilograms) at each
exam divided by mean height (in squared meters).

2.5. Statistical Analysis

Each child’s mean baseline intake of 100% fruit juice was calculated using all available
days of diet records during the first examination visit year. Intake was classified into one
of four categories of intake for most analyses: 0 cups, >0-<0.5 cup/day, 0.5-<1.0 cup/day,
and >1.0 cup/day. Because the recommended juice intake for girls of this age is up to
0.75 cup/day, we first chose our categories to bracket this level of intake and to compare
it with higher and lower intakes. The primary contrast to be examined was the highest
(=1.0 cup/day) vs. the lowest (0 cups/day) juice intake. Sensitivity analyses were used to
explore the sensitivity of the results to changes in juice intake categories. A second set of
cutoff values (0 cups, >0-<0.75 cup/day, 0.75-<1.25 cup/day, and >1.25 cups/day) was
designed to determine whether even higher intakes of juice (>1.25 cups/day) had any
adverse effects, particularly on BMIL

To address the first analytic question of the impact of fruit juice intake in preadoles-
cence on the consumption of total fruit and whole fruit throughout adolescence, we used
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mixed models for repeated measures due to the unbalanced nature of the groups. Mixed
models allow for inclusion of both fixed and random effects and incorporate an interaction
term for age (group) by juice intake (group). In these analyses, data were missing at ran-
dom over the course of follow-up. Further, we chose to use an unstructured covariance
assumption. Similar models were used to evaluate the association between early juice
consumption and total HEI scores as well as mean BMI throughout adolescence. Logistic
regression models were used to estimate the likelihood of meeting the current DGA for
whole and total fruit intakes in later adolescence in each of the fruit juice intake categories,
with a primary focus on comparing the highest vs. the lowest intakes. Because several of
these outcomes, including intakes of whole fruit and fruit juice as well as BMI, have been
shown to differ by race, we also carried out these analyses separately for black and white
girls [23].

We explored potential confounding by several factors including baseline age, race (for
combined models), socioeconomic status (SES) based on parental education level, physical
activity, baseline BMI, total energy intake, and percent of calories from carbohydrates,
protein, and fats. We examined each factor alone as a potential confounder and then in
combination with other factors. We were careful not to include factors that were likely to be
collinear in the same model (e.g., including carbohydrates, protein, and dietary fats in the
same model). We found no confounding by any of these factors, alone or in combination,
as indicated by an observed change of generally less than approximately 1% in the effect
estimates. Nonetheless, we included race in the combined models but focused the primary
results on the race-specific models.

3. Results

In Table 1, participant characteristics are given in four categories of intake of 100%
fruit juice at baseline. There was no statistically significant difference in percent body fat or
BMI at baseline by category of 100% fruit juice intake. Girls consuming more fruit juice
tended to have lower energy-adjusted intakes of protein and fat and higher intakes of
carbohydrates. Those girls who drank more fruit juice in preadolescence also tended to
consume more whole fruit at that age than those drinking less.

Table 1. Baseline descriptive characteristics of girls according to 100% fruit juice intake at baseline.

Intake of 100% Fruit Juice at Baseline

0 Cups >0-<0.5 Cup 0.5-<1.0 Cup >1.0 Cup
n =535 n =745 n =431 n =210
Mean =+ s.d. p-trend
Age (years) 10.5 + 0.57 10.3 + 0.47 10.3 048 10.3 £ 0.50 <0.0001
Height (meters) 1.43 £ 0.07 1.42 £+ 0.07 1.43 £ 0.07 1.44 £+ 0.07 0.0275
BMI (kg/m?) 19.0 £ 4.0 189 +3.7 184 +3.7 18.7 £ 3.7 0.1396
Body fat (%) 249 £72 246+73 239 £6.7 239+70 0.1163
Energy (kcals/day) 1791 £ 463 1809 + 454 1903 + 444 2033 =+ 459 <0.0001
Protein (% of energy) 14.6 +£2.8 143 +£25 13.9+25 13.8 £2.3 <0.0001
Total fat (% of energy) 36.5+5.3 36.3 +4.8 35.0+4.9 33.5+45 <0.0001
Carbohydrates (% of energy) 50.0 + 6.7 50.5+5.9 522+ 6.1 54.0+54 <0.0001
Calcium (mg/day) 806 + 297 798 + 284 799 + 281 844 + 310 0.2547
Potassium (mg/day) 1942 £ 592 1964 £ 553 2146 £ 537 2513 + 590 <0.0001
Whole fruit (cup-equivalents/day) 0.45 + 0.60 0.49 +£0.55 0.53 £ 0.56 0.65 + 0.74 0.0009
100% fruit juice (cup-equivalents/day) 0.0£0.0 0.26 £ 0.11 0.67 +£0.14 1.37 +0.48 <0.0001
Race (1, % white) 263 (49%) 363 (49%) 215 (50%) 95 (45%) 0.9214

Socioeconomic status (11, % low) 116 (22%) 187 (25%) 93 (22%) 34 (16%) 0.2357
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Figure 1 provides descriptive information on the median intakes of total fruit as well
as whole fruit and 100% fruit juice for white and black girls throughout adolescence. The
highest median intake of fruit, whether juice or whole fruit, was found at 9-10 years of
age. Black girls consumed less total fruit than white girls at all ages, and this finding was
attributable to lower intakes of whole fruit. Supplementary Table S1 also shows the median
intake values and interquartile ranges for the intakes at each age in Figure 1.
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Figure 1. Median intakes of total fruit (green lines with triangles), whole fruit (red lines with squares),
and 100% fruit juice (blue lines with diamonds) consumption throughout adolescence, in white
(Panel (A)) and Black (Panel (B)) girls.

Figure 2 shows the association between the categories of 100% fruit juice consumption
at baseline and intakes of total fruit (Panel A), whole fruit (Panel B), and 100% fruit juice
(Panel C) from preadolescence to the end of adolescence. The mean intakes of total fruit
throughout adolescence (Panel A) were highest among those girls with higher levels of
juice consumption at baseline. Specifically, preadolescent girls who drank > 1.0 cup/day
of 100% fruit juice consumed 0.44 more cup/day of total fruit at 17-20 years of age than
those who did not drink fruit juice at baseline (mean total fruit intakes at ages 17-20:
1.19 vs. 0.75 cup/day in the highest vs. lowest juice-drinking categories, respectively),
as shown in Supplementary Table S2. In addition, girls who consumed the most fruit
juice at baseline had the highest intakes of whole fruit at the end of adolescence (Panel B).
Supplementary Table S2 also shows that overall, girls who drank more fruit juice at baseline
had statistically significantly higher intakes of total fruit at every follow-up age period.

We also examined the association between 100% fruit juice consumption at baseline
and subsequent overall diet quality scores as measured by the HEI in Figure 3. The sample
sizes in each juice-drinking category at each age are shown below the x-axis labels. The
figure shows that among white girls, the total HEI scores at each age were positively
associated with fruit juice intake categories (p < 0.0001 at all ages). These associations
among black girls were similar although somewhat less consistent during mid-adolescence.
For white girls, the HEI scores at the end of follow-up (ages 17-20 years) increased as the
amount of fruit juice consumed at baseline also increased. For black girls, the HEI scores at
the end of follow-up were higher among girls who drank at least 0.5 cup/day at baseline,
with those who drank >1.0 cup/day having the highest HEI scores (p = 0.054, comparing
girls drinking >1.0 cup/day with those who did not drink juice at baseline).
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Figure 2. Mean intakes, adjusted for race, for total fruit (Panel (A)), whole fruit (Panel (B)), and 100%
fruit juice (Panel (C)) at each age during adolescence in four categories of 100% fruit juice intake
at preadolescence.



Beverages 2023, 9, 42

7 of 12

(A) White Girls B) Black GlIrls
5 m0cups ®>0—<0.5cups 0.5—<1.0cups ®>1.0cups
52 E0cups ®>0-<0.5cups ®0.5-<1.0cups =>1.0cups
@ 50
o § 50
é 48 . S 48
— 46 I z " i % 4
E 44 EJ 44 I .
g § 42 -- !
8 1IN ISR
38 38
9-10y 11-12y 13-14y 15-16y 17-20y 9-10y 11-12y 13-14y 15-16y 17-20y
Ocups 303 309 282 224 263 0 cups 259 298 270 229 272
0-<0.5 422 416 370 324 363 0-<0.5 442 456 409 349 382
0.5-<1.0 248 247 211 196 215 0.5<1.0 223 248 229 191 216
>1.0 102 101 88 81 95 >1.0 119 131 116 98 115
Fruit Juice Intake (Baseline) White girls Black girls
Overall Differences End of Follow-up Overall differences End of Follow-up
(p-values) (p-values) (p-values) (p-values)
0 versus <0.5 cups <0.0001 0.202 0.179 0.322
0 versus 0.5—<1.0 cups <0.0001 0.002 0.014 0.199
0 versus 1 cup <0.0001 0.001 <0.0001 0.054

Figure 3. Healthy Eating Index scores throughout adolescence according to 100% fruit juice intake
categories in preadolescence among white (Panel (A)) and black (Panel (B)) girls. Sample sizes for
each age period are shown below the x-axis age groups and show the number of girls providing
dietary data for the calculation of HEI scores in each age and juice-drinking category. Note that
some girls completed their first food diaries at age 11, leading to slightly larger sample sizes in the
11-12-year-old age group.

Table 2 evaluates the likelihood of meeting the DGA [24] at the end of adolescence
for total fruit (>1.5 cups/day) and whole fruit (>0.75 cup/day) intakes according to 100%
fruit juice consumption at baseline. We show two different exposure categories for the
highest juice intake in this table: >1.0 cup/day and >1.25 cups/day. Since only 10 white
girls and 13 black girls drank more than 2.0 cups/day of 100% fruit juice, we were unable
to evaluate intakes at that level as a separate category. We found that girls who drank
>1.0 cup/day of fruit juice (vs. non-juice consumers) in preadolescence were 2.48 times as
likely (95% CI: 1.70-3.61) to meet dietary recommendations for total fruit and 2.12 times as
likely (95% CI: 1.44-3.12) to meet dietary recommendations for whole fruit at 17-20 years
of age. Girls who drank >1.25 cups/day of juice were even more likely to meet the DGA
for whole fruit at older ages. There were few race-specific differences in these results.

Figure 4 and Table 3 examine the relation between fruit juice consumption and adoles-
cent BMI. Trends in BMI according to fruit juice intake in preadolescence are shown first
in Figure 4. Here, we see that girls with the highest baseline juice intake had a lower BMI
throughout adolescence than girls with the lowest baseline juice intake (p = 0.0063 and
p = 0.0143 comparing highest vs. lowest for white and black girls, respectively). At the end
of adolescence (Table 3), girls who consumed >1.25 cups/day of juice had lower BMI levels
(2.2 kg/m? lower for white girls and 1.5 kg/m? lower in black girls) than non-juice drinkers.
In fact, the highest BMIs at the end of adolescence in both white and black girls were found
among nonfruit juice consumers, and the lowest BMIs were found in the highest juice
consumers. In Supplementary Table S3, we further examined whole fruit intake as well
as total fruit intake at baseline in association with BMI at the end of follow-up. In these
analyses, we found that the association between whole fruit and BMI was slightly weaker
than that observed in Table 3 for 100% fruit juice and subsequent BML
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Table 2. Race-specific likelihood of meeting dietary guidelines for total fruit and whole fruit in late
adolescence according to categories of fruit juice intake at baseline.

All Subjects White Black
Number (%)
Fruit Juice Intake N Meeting OR 95% CI OR 95% CI OR 95% CI
Guidelines
Intake Categories Meeting the DGA for Total Fruit
0 cups 535 82 (15.3%) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
<0.5 cup 745 137 (18.4%) 1.25 0.92-1.68 1.58 1.06-2.35 0.9 0.56-1.43
0.5—<1.0 cup 431 94 (21.8%) 1.54 1.11-2.14 1.91 1.24-2.95 1.14 0.68-1.91
>1.0 cups 210 65 (31.0%) 2.48 1.70-3.61 2.88 1.71-4.85 2.21 1.28-3.82
Intake Categories
0 cups 535 82 (15.3%) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
>0-<0.75 cup 1048 199 (19.0%) 1.30 0.98-1.72 1.61 3.37-2.34 0.97 0.63-1.49
0.75-<1.25 cups 229 59 (25.8%) 1.92 1.31-2.80 2.45 1.49-4.05 1.38 0.76-2.51
>1.25 cups 109 38 (34.9%) 2.96 1.87-4.68 3.37 1.75-6.49 2.74 1.43-5.27
Intake Categories Meeting the DGA for Whole Fruit
0 cups 535 80 (15.0%) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
<0.5 cup 745 120 (16.1%) 1.09 0.80-1.49 1.27 0.86-1.89 0.86 0.52-1.42
0.5-<1.0 cup 431 82 (19.0%) 1.34 0.95-1.87 1.47 0.95-2.27 1.16 0.67-2.00
>1.0 cup 210 57 (27.1%) 212 1.44-3.12 2.55 1.52-4.28 1.84 1.01-3.34
Intake Categories
0 cups 535 80 (15.0%) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
>0-<0.75 cup 1048 171 (16.3%) 1.11 0.83-1.48 1.23 0.84-1.78 0.96 0.61-1.52
0.75-<1.25 cups 229 55 (24.0%) 1.80 1.22-2.64 2.45 1.50-4.01 1.08 0.55-2.11
>1.25 cups 109 33 (30.3%) 2.47 1.54-3.96 2.62 1.35-5.08 2.54 1.27-5.07
DGA: Dietary Guidelines for Americans; OR: Odds Ratio; CI: Confidence Interval; Ref: Reference group;
DGA: Dietary Guidelines for Americans.
(A) White Girls (B) Black Girls
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Figure 4. Trends in BMI throughout adolescence according to fruit juice intake at baseline for white
(Panel (A)) and black (Panel (B)) girls. p-values comparing the change in BMI associated with the
lowest vs. highest juice intakes were 0.0063 and 0.0143 for white and black girls, respectively.
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Table 3. Mean BMI at 17-20 years of age according to intake of 100% fruit juice at baseline.
All Girls * White Girls Black Girls
Baseline Juice Intake n n = 2165 n =1052 n=1113
Median Mean =+ s.e.
0 cups 601 0 cups 25.8 £ 0.26 244+ 0.29 27.2 +0.42
>0-<.75 cup 1187 0.33 cup 25.1 £0.19 23.6 £ 0.21 26.4 £ 0.29
0.75-<1.25 cups 257 0.94 cup 24.7 +£0.40 23.3 £ 0.45 26.0 £ 0.63
>1.25 cups 120 1.5 cups 24.1 £ 0.58 222 +0.70 25.7 £0.87
p-trend 0.0022 0.001 0.058

* All girls model is adjusted for race. BMI: body mass index; s.e.: standard error.

4. Discussion

The results of these analyses suggest that higher intakes of 100% fruit juice during
preadolescence were associated with higher intakes of both whole fruit and total fruit as
well as better overall diet quality throughout adolescence as measured by total scores on
the HEIL. Black girls consumed less total fruit at all ages than white girls, and this difference
was due to lower intakes of whole fruit. The positive association between fruit juice intake
and later diet quality was evident in all girls, regardless of race. Both white and black girls
who consumed more 100% fruit juice during preadolescence were also more likely to meet
the DGA recommendations for whole fruit intake throughout adolescence. Finally, girls
with higher intakes of preadolescent fruit juice had lower BMIs during adolescence and at
the end of adolescence than girls who did not drink fruit juice in the preadolescent years.
The beneficial effects of whole fruit consumption on BMI were similar.

The intake of total fruit, and particularly whole fruit, has increased in recent years
among younger children [8]. However, this is not the case in older children. Previous
studies have shown that 14-18-year-olds generally consume only half of the recommended
amount of whole fruit per day [4,25]. According to the DGA, the proportion of total fruit
consumed that is derived from fruit juice declines with age throughout the life span, with
nearly half of total fruit coming from fruit juice among preschoolers, while only one third of
total fruit is derived from fruit juice among adults. By late adolescence, total fruit intake is
only about half of what is recommended [4], suggesting that the identification of strategies
for promoting total fruit consumption is an important priority during the childhood years.

Whole fruit contains many essential vitamins and minerals and is an important source
of dietary fiber. Thus, it is an important part of a healthy diet [26]. These analyses support
those of other studies showing that fruit juice consumption is associated with a higher diet
quality among children and adolescents [10]. While fruit juices provide limited amounts of
dietary fiber, they do contain important quantities of magnesium and potassium [13]. Some
juices, such as orange juice, have been shown to have much higher levels of bioavailability
for both carotenoids and flavonoids than whole fruit [27]. Thus, the beneficial properties of
whole fruit and fruit juice, including their antioxidant and anti-inflammatory properties,
may differ [28,29]. Data from the DGA show that the most commonly consumed whole
fruits are apples, bananas, watermelon, grapes, and strawberries, while the most commonly
consumed fruit juice, by far, is orange juice [19]. Thus, whole fruit and fruit juice may
have different roles in the prevention of cardiovascular disease, diabetes, and obesity,
suggesting perhaps that a balanced intake of whole fruit and fruit juice may provide an
optimal nutrient profile [30].

Fruit juice consumption has been at the center of controversy regarding the promotion
of excess weight gain in children. In our own previous analyses using data from the
Framingham Children’s Study, we found no association between the consumption of 100%
fruit juice starting in preschool and the change in BMI throughout childhood [31]. A 2017
meta-analysis found that one 6-8-ounce serving per day of 100% fruit juice in children ages
1-6 years led to a 0.087 unit increase in BMI z-scores [32]. However, this same amount of
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fruit juice had no impact on BMI in children ages 7-18 years. The results of the current study
support those of earlier studies among adolescents, including an analysis from the Growing
Up Today Study II, which found that fruit juice consumption among 9-16-year-old girls was
inversely associated with a change in BMI [15,16]. In the Women’s Health Study, middle-
aged and older women who had higher total fruit intakes had a lower risk of overweight
and obesity [33]. In these analyses, we also found an inverse association between total fruit
intake and BMI at the end of adolescence. This association was very similar to that for 100%
fruit juice. Because fruit juice and total fruit intake are highly correlated (Pearson r = 0.64 at
baseline and 0.72 in late adolescence), it is difficult to separate out the effect of fruit juice
from total fruit. However, the weaker correlation between fruit juice and whole fruit intake
at baseline (r = 0.07) and 0.12 in later adolescence) suggests that whole fruit itself may not
be responsible for the observed beneficial association between fruit juice and BML

The current study has several important strengths in terms of its design. It is a
relatively large prospective study with dietary data derived from multiple sets of three-day
diet records, which should yield more precise estimates of dietary intake than most other
methods used in large-scale epidemiologic studies. Additionally, the sample size allowed
for a comparison of black and white adolescent girls. On the other hand, at the outset of
the study, the girls were 9-10 years of age when accurate quantification of the amounts
consumed is challenging. While the children were encouraged to obtain details of recipes
and food preparation from a parent, there is no guarantee that this was consistently done.
All self-reported dietary assessment methods are prone to error. However, given that
these data were collected at a time when there was little concern about potential adverse
effects of fruit juice consumption, the reported intakes of fruit and fruit juice are unlikely
to be biased.

A 2017 commentary concluded that further evidence is needed to refine the recommen-
dations for fruit juice consumption during childhood [34]. In the interim, they concluded
that there is no justification for banning fruit juice other than during the first year of life.
The current study adds evidence that may provide support for a role of fruit juice in the
evolution of healthy eating behaviors without adversely impacting weight gain. These data
suggest that fruit juice consumption could promote later intake of whole fruit through its
impact on taste preferences because taste perception develops throughout childhood and
seems to stabilize in midadolescence [35]. The taste of a variety of fruit juices tends to be
acceptable to young children and may, through early exposure, facilitate the development
of preferences for a variety of whole fruits. Since fruit juice is more available (regardless of
climate and season), has a longer shelf life, and is often more affordable than many whole
fruits, it may play a particularly important role in meeting DGA recommendations for
families of a lower socioeconomic status who typically have lower intakes of total fruit and
whole fruit [7].

The current data provide evidence supporting a beneficial association between early
juice-drinking behaviors and the development of healthy dietary behaviors while having
no apparent adverse impact on adolescent BML
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according to intake of whole fruit and total fruit at 9-10 years of age.

Author Contributions: Conceptualization, L.L.M.; methodology, L.L.M. and M.R.S.; formal analysis,
M.R.S,; investigation, S.R.D. and L.L.M.; data curation, M.R.S., S.R.D. and L.L.M.; writing—original
draft preparation, L.L.M.; writing—review and editing, X.Z., LW., M.R.S.,, M.L.B., SR.D. and L.L.M.;
supervision, project administration, and funding acquisition, S.R.D. and L.L.M. All authors have read
and agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/beverages9020042/s1
https://www.mdpi.com/article/10.3390/beverages9020042/s1

Beverages 2023, 9, 42 11 of 12

Funding: This research was funded by National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK), grant number #R21 DK075068. Additional funding from the Juice Products Association.

Data Availability Statement: The data used in this study are publicly available through the National
Heart, Lung, and Blood Institute’s (NHLBI) BioLINCC repository.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Liu, R.H. Health Benefits of Fruit and Vegetables Are from Additive and Synergistic Combinations of Phytochemicals. Am. J. Clin.
Nutr. 2003, 78, 5175-520S. [CrossRef] [PubMed]

2. Wu, L.; Sun, D.; He, Y. Fruit and Vegetables Consumption and Incident Hypertension: Dose—-Response Meta-Analysis of
Prospective Cohort Studies. J. Hum. Hypertens. 2016, 30, 573-580. [CrossRef] [PubMed]

3. Zhao, C-N.;Meng, X,; Li, Y;; Li, S; Liu, Q.; Tang, G.-Y.; Li, H.-B. Fruits for Prevention and Treatment of Cardiovascular Diseases.
Nutrients 2017, 9, 598. [CrossRef]

4. Dietary Guidelines for Americans 20202025, 9th ed.; U.S. Department of Agriculture and U.S. Department of Health and Human
Services: Washington, DC, USA, 2020.

5. Slavin, J.; Green, H. Dietary Fibre and Satiety. Nutr. Bull. 2007, 32, 32-42. [CrossRef]

6.  Guenther, PM.; Dodd, K.W.; Reedy, J.; Krebs-Smith, S.M. Most Americans Eat Much Less than Recommended Amounts of Fruits
and Vegetables. ]. Am. Diet. Assoc. 2006, 106, 1371-1379. [CrossRef] [PubMed]

7. Drewnowski, A.; Rehm, C.D. Socioeconomic Gradient in Consumption of Whole Fruit and 100% Fruit Juice among US Children
and Adults. Nutr. ]. 2015, 14, 3. [CrossRef] [PubMed]

8.  Kim, S.A,; Moore, L.V,; Galuska, D.; Wright, A.P.; Harris, D.; Grummer-Strawn, L.M.; Merlo, C.L.; Nihiser, A.J.; Rhodes, D.G. Vital
Signs: Fruit and Vegetable Intake Among Children—United States, 2003—2010. Morb. Mortal. Wkly. Rep. 2014, 63, 671-676.

9.  Herrick, K.A,; Terry, A.L.; Afful, J. Beverage Consumption Among Youth in the United States, 2013—2016. NCHS Data Brief 2018,
320, 1-8.

10. Maillot, M.; Rehm, C.D.; Vieux, F,; Rose, C.M.; Drewnowski, A. Beverage Consumption Patterns among 4-19 year Old Children
in 2009-14 NHANES Show That the Milk and 100% Juice Pattern Is Associated with Better Diets. Nutr. J. 2018, 17, 54. [CrossRef]

11.  Rampersaud, G.C. 100% Fruit Juice: Perspectives amid the Sugar Debate. Public Health Nutr. 2016, 19, 906-913. [CrossRef]

12.  Wu, AJ].; Aris, LM.; Rifas-Shiman, S.L.; Oken, E.; Taveras, E.M.; Hivert, M.-F. Longitudinal Associations of Fruit Juice Intake
in Infancy with DXA-Measured Abdominal Adiposity in Mid-Childhood and Early Adolescence. Am. J. Clin. Nutr. 2021, 114,
117-123. [CrossRef] [PubMed]

13.  Crowe-White, K.; O'Neil, C.E.; Parrott, ].S.; Benson-Davies, S.; Droke, E.; Gutschall, M.; Stote, K.S.; Wolfram, T.; Ziegler, P. Impact
of 100% Fruit Juice Consumption on Diet and Weight Status of Children: An Evidence-Based Review. Crit. Rev. Food Sci. Nutr.
2016, 56, 871-884. [CrossRef] [PubMed]

14.  Murray, R.D. 100% Fruit Juice in Child and Adolescent Dietary Patterns. . Am. Coll. Nutr. 2020, 39, 122-127. [CrossRef] [PubMed]

15. Sakaki, J.R.; Li, J.; Gao, S.; Ha, K.; Tamimi, R.M.; Chavarro, J.E.; Chen, M.-H.; Sun, Q.; Hart, J.E.; Chun, O.K. Associations between
Fruit Juice and Milk Consumption and Change in BMI in a Large Prospective Cohort of US Adolescents and Preadolescents.
Pediatr. Obes. 2021, 16, €12781. [CrossRef]

16. Sakaki, J.R; Li, J.; Melough, M.M.; Ha, K.; Tamimi, R.M.; Chavarro, J.E.; Chen, M.-H.; Chun, O.K. Orange Juice Intake and
Anthropometric Changes in Children and Adolescents. Public Health Nutr. 2021, 24, 4482-4489. [CrossRef]

17.  Agarwal, S.; Fulgoni, V.L., IIl; Welland, D. Intake of 100% Fruit Juice Is Associated with Improved Diet Quality of Adults:
NHANES 2013-2016 Analysis. Nutrients 2019, 11, 2513. [CrossRef]

18. Byrd-Bredbenner, C.; Ferruzzi, M.G.; Fulgoni III, V.L.; Murray, R.; Pivonka, E.; Wallace, T.C. Satisfying America’s Fruit Gap:
Summary of an Expert Roundtable on the Role of 100% Fruit Juice. J. Food Sci. 2017, 82, 1523-1534. [CrossRef]

19. US Department of Health and Human Services and US Department of Agriculture. 2015-2020 Dietary Guidelines for Americans, 8th
ed.; US Department of Health and Human Services and US Department of Agriculture: Washington, DC, USA, 2015. Available
online: https:/ /health.gov/our-work/food-nutrition/previous-dietary-guidelines /2015 (accessed on 13 February 2023).

20. Morrison, J.; Biro, F; Campaigne, B.; Barton, B.; Shumann, B.; Crawford, P.; Falkner, F,; Sabry, Z.; Kimm, S.; Lakatos, E.; et al.
Obesity and Cardiovascular Disease Risk Factors in Black and White Girls: The NHLBI Growth and Health Study. Am. J. Public
Health 1992, 82, 1613-1620. [CrossRef]

21. Affenito, S.G.; Thompson, D.R.; Franko, D.L.; Striegel-Moore, R.H.; Daniels, S.R.; Barton, B.A.; Schreiber, G.B.; Schmidt, M.;
Crawford, P.B. Longitudinal Assessment of Micronutrient Intake among African-American and White Girls: The National Heart,
Lung, and Blood Institute Growth and Health Study. J. Am. Diet. Assoc. 2007, 107, 1113-1123. [CrossRef]

22. Bowman, S.A ; Friday, ].E.; Moshfegh, A. MyPyramid Equivalents Database, 2.0 for USDA Survey Foods, 2003-2004; Food Surveys
Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, U.S. Department of Agriculture:
Beltsville, MD, USA, 2008. Available online: http://www.ars.usda.gov/ba/bhnrc/fsrg (accessed on 13 February 2023).

23. Kirkpatrick, S.I; Dodd, K.W.; Reedy, J.; Krebs-Smith, S.M. Income and Race/Ethnicity Are Associated with Adherence to
Food-Based Dietary Guidance among US Adults and Children. J. Acad. Nutr. Diet. 2012, 112, 624-635.e6. [CrossRef]

24. Fruits | MyPlate. Available online: https:/ /www.myplate.gov/eat-healthy/fruits (accessed on 24 January 2023).


https://doi.org/10.1093/ajcn/78.3.517S
https://www.ncbi.nlm.nih.gov/pubmed/12936943
https://doi.org/10.1038/jhh.2016.44
https://www.ncbi.nlm.nih.gov/pubmed/27306085
https://doi.org/10.3390/nu9060598
https://doi.org/10.1111/j.1467-3010.2007.00603.x
https://doi.org/10.1016/j.jada.2006.06.002
https://www.ncbi.nlm.nih.gov/pubmed/16963342
https://doi.org/10.1186/1475-2891-14-3
https://www.ncbi.nlm.nih.gov/pubmed/25557850
https://doi.org/10.1186/s12937-018-0363-9
https://doi.org/10.1017/S1368980015001135
https://doi.org/10.1093/ajcn/nqab043
https://www.ncbi.nlm.nih.gov/pubmed/33829237
https://doi.org/10.1080/10408398.2015.1061475
https://www.ncbi.nlm.nih.gov/pubmed/26091353
https://doi.org/10.1080/07315724.2019.1615013
https://www.ncbi.nlm.nih.gov/pubmed/31318659
https://doi.org/10.1111/ijpo.12781
https://doi.org/10.1017/S1368980020003523
https://doi.org/10.3390/nu11102513
https://doi.org/10.1111/1750-3841.13754
https://health.gov/our-work/food-nutrition/previous-dietary-guidelines/2015
https://doi.org/10.2105/AJPH.82.12.1613
https://doi.org/10.1016/j.jada.2007.04.014
http://www.ars.usda.gov/ba/bhnrc/fsrg
https://doi.org/10.1016/j.jand.2011.11.012
https://www.myplate.gov/eat-healthy/fruits

Beverages 2023, 9, 42 12 of 12

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.
35.

Banfield, E.C.; Liu, Y.; Davis, ].S.; Chang, S.; Frazier-Wood, A.C. Poor Adherence to US Dietary Guidelines for Children and
Adolescents in the National Health and Nutrition Examination Survey Population. J. Acad. Nutr. Diet. 2016, 116, 21-27. [CrossRef]
[PubMed]

Slavin, J.L.; Lloyd, B. Health Benefits of Fruits and Vegetables. Adv. Nutr. 2012, 3, 506-516. [CrossRef] [PubMed]

Aschoff, ] K,; Kaufmann, S.; Kalkan, O.; Neidhart, S.; Carle, R.; Schweiggert, RM. In Vitro Bioaccessibility of Carotenoids,
Flavonoids, and Vitamin C from Differently Processed Oranges and Orange Juices [Citrus Sinensis (L.) Osbeck]. J. Agric. Food
Chem. 2015, 63, 578-587. [CrossRef] [PubMed]

Parhiz, H.; Roohbakhsh, A.; Soltani, F; Rezaee, R.; Iranshahi, M. Antioxidant and Anti-Inflammatory Properties of the Citrus
Flavonoids Hesperidin and Hesperetin: An Updated Review of Their Molecular Mechanisms and Experimental Models. Phytother.
Res. 2015, 29, 323-331. [CrossRef] [PubMed]

Zhang, Y.-].; Gan, R.-Y;; Li, S.; Zhou, Y.; Li, A.-N.; Xu, D.-P; Li, H.-B. Antioxidant Phytochemicals for the Prevention and Treatment
of Chronic Diseases. Molecules 2015, 20, 21138-21156. [CrossRef]

Mozaffarian, D. Dietary and Policy Priorities for Cardiovascular Disease, Diabetes, and Obesity. Circulation 2016, 133, 187-225.
[CrossRef]

Wan, L.; Jakkilinki, P.D.; Singer, M.R.; Bradlee, M.L.; Moore, L.L. A Longitudinal Study of Fruit Juice Consumption during
Preschool Years and Subsequent Diet Quality and BMI. BMIC Nutr. 2020, 6, 25. [CrossRef]

Auerbach, B.].; Wolf, EM.; Hikida, A.; Vallila-Buchman, P.; Littman, A.; Thompson, D.; Louden, D.; Taber, D.R.; Krieger, J. Fruit
Juice and Change in BMI: A Meta-Analysis. Pediatrics 2017, 139, €20162454. [CrossRef]

He, K.; Hu, EB,; Colditz, G.A.; Manson, ].E.; Willett, W.C.; Liu, S. Changes in Intake of Fruits and Vegetables in Relation to Risk of
Obesity and Weight Gain among Middle-Aged Women. Int. J. Obes. 2004, 28, 1569-1574. [CrossRef]

Abrams, S.A.; Daniels, S.R. Fruit Juice and Child Health. Pediatrics 2017, 139, €20170041. [CrossRef]

Mennella, ]J.A.; Reiter, A.R.; Daniels, L.M. Vegetable and Fruit Acceptance during Infancy: Impact of Ontogeny, Genetics, and
Early Experiences. Adv. Nutr. 2016, 7, 2115-219S. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jand.2015.08.010
https://www.ncbi.nlm.nih.gov/pubmed/26391469
https://doi.org/10.3945/an.112.002154
https://www.ncbi.nlm.nih.gov/pubmed/22797986
https://doi.org/10.1021/jf505297t
https://www.ncbi.nlm.nih.gov/pubmed/25539394
https://doi.org/10.1002/ptr.5256
https://www.ncbi.nlm.nih.gov/pubmed/25394264
https://doi.org/10.3390/molecules201219753
https://doi.org/10.1161/CIRCULATIONAHA.115.018585
https://doi.org/10.1186/s40795-020-00347-6
https://doi.org/10.1542/peds.2016-2454
https://doi.org/10.1038/sj.ijo.0802795
https://doi.org/10.1542/peds.2017-0041
https://doi.org/10.3945/an.115.008649
https://www.ncbi.nlm.nih.gov/pubmed/26773029

	Introduction 
	Materials and Methods 
	Subjects 
	Dietary Intake 
	Diet Quality 
	Body Mass Index (BMI) 
	Statistical Analysis 

	Results 
	Discussion 
	References

