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Abstract

Background: Sugar-sweetened beverages (SSB) are considered a risk factor for obesity.
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Objective: The objective of the current study was to investigate associations between the
predictors of beverage and energy intakes and mean adequacy ratios (MARs), and the outcome of
body mass index (BMI) z-scores, in a birth cohort using longitudinal models.

Design: Longitudinal analyses of secondary data.

Participants/setting: Participants in the lowa Fluoride (IFS) and lowa Bone Development
Studies with two beverage intake questionnaires completed between ages 2—-4.7 or 5-8.5 years or
one questionnaire between ages 9-10.5, 11-12.5, 13-14.5, or 15-17 years (n=720); two food and
beverage diaries completed between ages 2—4.7 or 5-8.5 years or completion of the Block’s Kids’
Food Frequency Questionnaires at age 11, 13, 15 or 17 years (n=623); and anthropometric
measures at the corresponding age 5, 9, 11, 13, 15 or 17 year exam(s).

Predictors: Mean daily 100% juice, milk, SSB, water/SFB, and energy intakes and MARS
averaged over ages 2-4.7, 5-8.5, 9-10.5, 11-12.5, 13-14.5, or 15-17 years.

Outcome: BMI z-score.

Statistical Analyses: Linear mixed models were fit for each beverage, energy and MAR
variable, with the beverage, energy or MAR variable as the predictor and BMI z-score as the
outcome. Beverage models were adjusted for energy and MAR and baseline socioeconomic status
(SES).

Results: SSB intake adjusted for energy intake, MAR and baseline SES was associated with
BMI z-score; each additional 8 0z SSB consumed/day throughout childhood and adolescence
increased the BMI z-score an average 0.050 units (Confidence Interval {CI}: 0.022, 0.079;
P=0.001). Adjusted water/SFB intake (0.026 units; Cl: 0.006, 0.046; £=0.013) was modestly
associated with BMI z-score, while 100% juice (-0.001 units; Cl: —0.059, 0.057; £=0.97) and
milk (0.022 units; CI: —0.007, 0.052; P=0.13) intakes were not associated with BMI z-scores.

Conclusions: Higher SSB intakes were associated with increased BMI z-scores throughout
childhood and adolescence in IFS participants. Public health initiatives targeting SSB consumption
during childhood and adolescence remain relevant.

Keywords
Beverage; sugar-sweetened beverages; energy; BMI z-score

Introduction:

Childhood obesity is a risk factor for adult obesity, type 2 diabetes mellitus and
cardiovascular disease. The prevalence of obesity has remained relatively stable since 1999-
2000 among children aged 2-11 years, and has increased among children aged 12-19 years.
1.2.31n 2015-16, 18.5% of United States (U.S.) children and adolescents were considered
obese.2 The prevalence of both obesity (body mass index [BMI] = 30) and severe obesity
(BMI = 40) among U.S. adults has gradually increased since 2007-8; 39.6% and 7.7% of
adults were considered obese and severely obese, respectively, in 2015-16.2 According to
Buscot et al., obese children who remained obese as adults had mean BMIs 2.0-3.4 units
higher at age 6 years than their peers who were not obese in adulthood, while non-obese
children who became obese adults had slightly higher mean BMiIs at age 6 than their peers
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who did not become obese as adults. Obesity is difficult to treat, and an improved
understanding of risk factors for obesity development during childhood could be important
as a foundation for improved preventive strategies.

Obesity is recognized as a disease of energy imbalance, with energy and macronutrient
intakes, individual food and beverage intakes, and dietary behaviors being investigated as
risk factors. Recent attention has focused on added sugars, particularly in liquid form. Sugar-
sweetened beverages (SSBs) are defined as beverages containing added sugars, and
examples include carbonated soda-pops, fruit drinks, energy drinks, sports drinks, sweetened
waters and coffees and teas with added sugars.® The literature linking SSBs to obesity is
mostly observational in nature, and several systematic reviews have been inconclusive.5-8
Luger et al.8 conducted a systematic review of recent prospective cohort studies and four
randomized controlled trials. They concluded that the majority of recent studies support a
positive association between SSBs and weight, BMI or BMI z-score in both children and
adults, while older studies were inconclusive.

Marshall et al.? recently investigated adolescent (i.e., age 13 to 17 year) beverage patterns
and age 17 year anthropometric measures in a cohort followed longitudinally from birth
(n=369). Beverage patterns were identified through cluster analysis with clusters named for
the dominant beverage intake within the cluster. Mean age 17 year BMIs were higher for
members of the milk cluster (by 2.4 units), SSB cluster (3.2 units), water/sugar-free
beverage (SFB) cluster (3.5 units) and neutral (no dominant beverage) cluster (2.2 units)
compared to members of the 100% juice cluster (all £5<0.05).° The objective of the current
study was to investigate longitudinal associations between beverage and energy intakes and
mean adequacy ratios (MARS) and BMI z-scores in this cohort.

Materials and Methods:

Data Collection:

Secondary analyses were conducted on data collected as part of the lowa Fluoride Study
(IFS) and lowa Bone Development Study (IBDS, a substudy of the IFS), which investigated
relationships among fluoride exposures, dietary intakes, oral health and bone health.>-1° IFS
questionnaires queried family demographic information at birth (1992-1995) and in 2007.
Participant beverage intakes were collected at 3-6 month intervals following birth, while
energy intakes were collected at 3-6 month intervals from birth through age 8.5 years, and at
most every other year after age 9. Weight and height were measured at clinic visits when
participants were approximately ages 5, 9, 11, 13, 15, and 17 years.

All components of the IFS and IBDS were approved by the University of lowa’s

Institutional Review Board. Written informed consent was obtained from mothers at
recruitment and from parents at clinic visits, while written assent was obtained from children
beginning at age 13 years.

Socioeconomic status (SES):

Household income and mother’s educational attainment at baseline were used to identify
three categories of SES. Low SES was defined by a household income <$30,000 and a
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maternal educational level below a 4-year college degree. Moderate SES was defined as
having a household income of $30,000-$49,999 and a participant’s mother without a
graduate/professional degree or household income <$30,000 and a participant’s mother with
at least a 4-year college degree. High SES was defined as a household income =$50,000
regardless of maternal educational level, or household income =$30,000 and a participant’s
mother with a graduate or professional degree.

Beverage intakes:

Beverage frequency questionnaires, validated using 3 day food and beverage diaries, queried
frequency and quantity of beverage consumption during the previous week.12:13 Prior to age
9, beverage questionnaires queried flavored and unflavored milk, ready-to-drink 100% juice
and juice drinks, soda pop, reconstituted powdered beverages and water. After age 9, 100%
juice and juice drinks were queried separately, and sports drinks, coffee and alcoholic
beverages were also queried. Beverages were collapsed into four categories: 100% juice,
milk, sugar-sweetened beverages (SSBs), and water and other sugar-free beverages (water/
SFBs). SFBs were combined with water given their similar energy concentrations and the
observation that subjects consumed very small quantities of SFBs during the ages studied.
Mean daily beverage intakes were calculated for each subject from all available
questionnaires over the time periods preceding clinic exams (i.e., 2-4.7, 5-8.5, 9-10.5, 11—
12.5, 13-14.5 and 15-17 years). Within-subject averages were used as time-varying
covariates in linear mixed models.

Energy intakes and MARs:

Energy intakes and MARs were obtained from 3 day food and beverage diaries completed at
3-6 month intervals prior to age 8.5 years.1® Entries from food and beverage diaries were
coded and verified by registered dietitians to create a Food and Beverage Table. A Nutrient
Table was created from nutrient data obtained from the United States Department of
Agriculture (USDA),16 the Minnesota Nutrient Databasel’ and manufacturers’ data. A
relational database8 was used to link the Food and Beverage Table with the Nutrient Table
for calculation of energy and nutrient intakes. MARs, a measure of overall diet quality, were
calculated from nutrient adequacy ratios (NARs) for protein, 9 vitamins (vitamin A, vitamin
C, thiamin, riboflavin, niacin, folate, vitamin B-6, vitamin D, and vitamin E), and 5 minerals
(calcium, iron, magnesium, phosphorous and zinc).14 NARs were truncated at one when
calculating the MAR to prevent an excess intake of one nutrient from compensating for low
intakes of other nutrients. Mean daily energy intakes and MARs were averaged from all
available 3-day diaries for ages 2-4.7 and 5-8.5 years. Energy intakes and MARs were
obtained from Block’s Kids’ Food Frequency Questionnaires'® completed for the previous
week at 11, 13, 15 and 17 years.

Anthropometric measures:

Weight and height were measured at clinic visits with participants wearing lightweight
clothing and without shoes. Weight was measured using a standard physician’s scale; height
was measured using a stadiometer. Body mass indices (kg/m2) were calculated from weight
and height measures. BMI z-scores were calculated from the Centers for Disease Control
and Prevention (CDC) standards using a SAS macro provided by the CDC.20 BMI z-scores
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were used instead of BMI in order to better accommodate comparisons over time, and
properly account for extreme values.?!

Mothers were recruited at the time of their infants’ births (1992-1995) for participation in
the ongoing IFS. Inclusion in the beverage, energy or MAR analysis required explanatory
variables and an outcome measurement for at least one time point. Inclusion in the beverage
intake analyses (n=720) required completion of at least two questionnaires between ages 2—
4.7 or 5-8.5, or completion of at least one questionnaire between ages 9-10.5, 11-12.5, 13-
14.5, or 15-17 years, and anthropometric measures at the corresponding age 5, 9, 11, 13, 15
or 17 year exam(s), respectively. For the energy intake or MAR analyses (n=623), inclusion
required completion of at least two food and beverage diaries between ages 2-4.7 or 5-8.5
years or completion of the Block’s Kids’ Food Frequency Questionnaires at age 11, 13, 15
or 17 years, and anthropometric measures at the corresponding age 5, 9, 11, 13, 15, or 17
year exam(s), respectively.

Statistical Analyses:

At each age for which anthropometric data were collected, a two sample t-test was used to
identify differences in mean BMI z-scores between males and females. Longitudinal
analyses were conducted to identify associations between the predictors of beverage intakes,
energy intakes or MARS, and the outcome of mean BMI z-scores. After visually confirming
via scatterplots that a linear relationship between each beverage, energy or MAR variables
and BMI z-score was appropriate, a linear mixed model was fit for each beverage, energy
and MAR variable under study, with the beverage, energy and MAR variable as the predictor
of interest and BMI z-score as the outcome. Linear mixed models allow for participants to
be included in the model if they have full data available (beverage intake, energy intake or
MAR and BMI z-score) for at least one time point. The models were formulated using a
participant-specific random intercept and slope, and fit by applying maximum likelihood
estimation using PROC MIXED in SAS.22

Associations between beverage intakes and BMI z-scores throughout childhood and
adolescence were investigated. All participants and all available time points were included in
a single model examining the effect of beverage intake on mean BMI z-score, to optimize
statistical power given the available data.

In the initial set of models, variables representing intakes of particular beverage types,
energy or MAR and age at BMI measurement were used as predictors of BMI z-score in a
linear mixed model to determine if intake of each beverage type was associated with a
difference in mean BMI z-score over time. For each beverage type, four additional models
were fit. The first contained an indicator for sex and an interaction between beverage intake
and sex in order to determine if the associations between beverage intakes and BMI z-scores
differed between males and females. The second did not contain an indicator for sex or
interaction terms, but adjusted for energy intake and baseline SES. The third adjusted for
energy intake, MAR, and baseline SES. The fourth adjusted for energy intake, MAR, and
baseline SES, and included an interaction term between beverage intake and an indicator for

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marshall et al.

Results:

Page 6

whether the outcome (and corresponding dietary intake) was at or before age 9, or after age
9. The interaction was considered in order to determine if the effect of 8oz of beverage
intake on mean BMI z-score differed between these two age ranges due to differences in
beverage intake questionnaires over time and/or physiological differences between children
(prior to age 9) and pre-teens/adolescents (after age 9).

Finally, a single composite model, which adjusted for energy intake, MAR and baseline
SES, and included beverage intakes from all four beverage categories, was fit to assess the
effect of beverage intake on mean BMI z-score after adjusting for intakes of all other
beverages.

The effect of beverage intake on mean BMI z-score for a particular model was summarized,
while the fixed effect estimates for the intercept, age at BMI measurement, energy intake,
MAR, baseline SES, and the interaction term were omitted for clarity of interpretation.

Participants were about half female (51%) and mostly non-Hispanic white (94%). Forty-five
percent of mothers had a 4-year college degree at baseline, while 50% of mothers had a
college degree in 2007. Nineteen percent and 67% of households had an annual income >
$60,000 at baseline and in 2007, respectively. At baseline, 25% of participants belonged to
the low, 38% of participants belonged to the middle, and 38% of participants belonged to the
high SES category.

Median (25™, 75™ percentile) daily beverage intakes are presented in Table 1. Milk intakes
remained relatively stable across ages. Water/SFB and SSB intakes gradually increased with
age, while 100% juice intakes declined between 2-4.7 years and 9-10.5 years. Median (25",
75t percentile) daily energy intakes and MARSs are presented in Table 2. Variability in
energy intakes increased with age. The median energy intake peaked around 13-14.5 years
for males and 9 — 10.5 years for females. The median MARs were relatively stable through
age 9-10.5 and declined slightly thereafter.

Mean (standard deviation) anthropometric measures are presented in Table 3. Weights,
heights and BMIs generally increased with age. Mean BMI z-scores were slightly higher for
males than females at all time points, and the differences were statistically significant at ages
9 and 11 years.

For all beverage types, the Bayesian Information Criterion (BIC) was more than three units
lower in the unadjusted models than in models with an indicator for sex and an interaction
between beverage intake and sex. Models with smaller BIC values are preferred, with two or
more units signifying a substantial improvement in complexity-penalized model fit. The ~-
values for sex and for the interaction between beverage intake and sex were not statistically
significant (P>0.05) in any model, and the unadjusted beverage-only models are reported
herein (Table 4). SSB intake had the largest effect size of the four beverage types and was
significantly associated with BMI z-score in the unadjusted model. Neither 100% juice nor
milk intakes were associated with BMI z-scores in unadjusted models, while water/SFB
intakes were modestly associated with BMI z-scores. Energy was significantly, but
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marginally, associated with BMI z-score in an unadjusted model; the estimated effect size
for 100 kcal was 0.007 (CI: 0.003-0.012; ~£<0.001). Similarly, in an unadjusted model, the
estimated effect size for 0.1 MAR was 0.027 (Cl: 0.005-0.049; P 0.017).

After adjustment for energy intake and baseline SES (Table 4), SSB intake still had the
largest effect size among beverage types and remained statistically significant. The adjusted
model indicates that each additional 8 0z of SSB/day throughout childhood and adolescence
was associated with an expected increase in BMI z-score of 0.050 units (CI: 0.021-0.078).
Water/SFB intakes were significantly, but modestly, associated with BMI z-scores in
adjusted models. The adjusted model indicates that each additional 8 oz of water/SFB/day
throughout childhood and adolescence was associated with an expected increase in BMI z-
score of 0.026 units (CI: 0.006-0.046). Neither 100% juice nor milk intakes were
significantly associated with BMI z-scores in adjusted models. Model results were very
similar following adjustment for energy, MAR and baseline SES (Table 4).

Based on the model adjusted for energy, MAR, and baseline SES, the expected increases in
BMI percentile for 8, 16, and 24 oz of SSB intake compared to a child with 0 oz SSB intake
at the 50t or 75t BMI percentile are presented graphically in Figures 1 and 2 for females
and males, respectively.

In Table 5, the fixed effect estimates are presented for the models which adjusted for energy,
MAR, and baseline SES, and included the interaction between beverage intake and an
indicator for whether the observation was at or before age 9, or after age 9. In the interaction
models, the effect of 80z of beverage intake on mean BMI z-scores at or before age 9 was
larger than the effect of 80z of beverage intake on mean BMI z-score after age 9 for all
beverage types except 100% juice. This could be due to the fact that children drink less than
adolescents and therefore, 80z of beverage intake could have a more pronounced effect on
the age- and sex-adjusted BMI z-score at earlier ages than later ages. The conclusions from
the models with and without the interaction term are arguably similar. 100% Juice and milk
are not significantly associated with mean BMI z-score in either age range, whereas SSBs
and water/SFBs are significantly associated with mean BMI z-scores, with the association
for SSBs being driven primarily by the effect after age 9 and the association for water/SFBs
being driven primarily by the effect at or before age 9. While the interaction models help to
account for the effect of different questionnaire items before and after age 9 and demonstrate
the difference in beverage volume consumed before and after age 9, it is important to note
that the interaction term is significant only for the water/SFB model, and the BIC values are
at least two units lower in the no interaction models (Table 4) for all beverage types.
Therefore, the models without the interaction provide similar conclusions, and better
penalized model fit.

Finally, the effect of all beverage intakes were considered in one composite model, with no
interaction terms. The fixed effect estimates for each beverage type based on this model are
very similar to those presented in Table 4. The effects of 80z of 100% juice on mean BMI z-
score is 0.007 (CI: —0.051, 0.065), the effect of milk is 0.018 (Cl: —0.012, 0.048), the effect
of SSBs is 0.051 (CI: 0.022, 0.080), and the effect of water/SFBs is 0.023 (Cl: 0.002, 0.044).

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marshall et al. Page 8

This indicates that changes in the fixed effect of each beverage intake are minimal after
adjustment for other beverage intakes.

Discussion:

In the current analyses, the longitudinal associations among beverage intakes, energy
intakes, MARs and BMI z-scores were investigated. SSB intakes, but not 100% juice or milk
intakes, were associated with a clinically meaningful increase in mean BMI z-scores
throughout childhood and adolescence; this association remained clinically meaningful
following adjustment for energy intake, MAR and SES. While water/SFB and energy intakes
were also associated with BMI z-scores, the effect sizes were relatively small and/or of
modest statistical significance, limiting their clinical interpretation. The findings suggest that
associations between SSBs and BMI z-scores are not due to the SSBs’ energy content;
additional research is necessary to understand the mechanisms.

The results reported herein are consistent with most previous publications investigating
associations between SSBs and obesity.23-26 A meta-analysis of prospective studies
conducted in children published through March 2013 reported that a child’s mean BMI
increased 0.06 (C1 0.02-0.10) units for each additional 12 0z SSBs/day over a 1 year period
of time.26 A more recent systematic review of studies published between 2013 and 2015
reported that 15 of 16 prospective studies conducted in children and adolescents found a
positive association between SSBs and weight, BMI or % body fat.8 More specifically,
Millar et al.2’ reported that the mean BMI z-score increased by 0.015 (Cl: 0.004, 0.025)
units for each additional SSB/day consumed by Australian children aged 4-10 years.
Similarly, Zheng et al.28 reported that the mean BMI z-score increased by 0.10 units
between 8 and 11.5 years for each additional 100 g/day of energy adjusted SSB consumed
by Australian children at age 8 years. However, Zheng et al.28 did not find an association
between 1 or more SSB servings/day at age 9 years and BMI change between ages 9 and 21
years in Danish participants of the European Youth Heart study. In the same subjects, 1 or
more SSB servings/day at age 15 was associated with BMI change between age 15 and 21
years; this association did not remain after energy adjustment.2® Interestingly, the increase in
expected BMI z-score associated with SSB intake in IFS participants was larger than the
increase observed with energy intake. Striegel-Moore et al.3? also observed an expected
BMI increase associated with 100 g SSB that was greater than that observed with total
energy intake.

A recent meta-analyses reported that the mean BMI z-scores increased a mean of 0.087 (Cl:
0.008, 0.167) units for each 6-8 oz/day of fruit juice adjusted for energy intake in children
aged 1-6 years, but was not associated with juice intake in children aged 7-18 years.3!
Hasnain et al.32 reported that 3-9 year old non-Hispanic, white U.S. children in the lower
tertile of fruit/vegetable juice intakes tended to have higher skinfolds, waist circumferences
and BMIs, but not percent body fats, at 15-17 years than their peers in the highest tertile.
While an association between juice intakes and BMI z-scores was not found in the current
longitudinal analyses, the impact of early juice intakes on subsequent SSB intakes or
anthropometric measures was not investigated. Somneville et al.33 reported that higher juice
intakes at 1 year were associated with both higher SSB intakes and BMI z-scores at
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approximately 3.1 and 7.7 years, suggesting that very early juice intakes might be more
important than overall childhood juice intakes for obesity risk.

Previous investigations of associations between milk or dairy intakes and obesity measures
have produced mixed results.34 Vogel et al.3® reported that three additional cups of milk or
dairy equivalent/day did not influence BMI or percent body fat in healthy or overweight
children aged 8-16 years during an 18 month intervention. Marabujo et al.38 did not observe
associations between milk or other dairy intakes at age 13 and BMI at age 21 after energy
adjustment. In contrast, Beck et al.3” reported that severely obese Latino children tended to
consume less total milk than their peers at age 3 years. Similarly, Hasnain et al.32 reported
that children in the lower tertile of milk intakes at 3-9 years had significantly higher % body
fats and skinfold thicknesses, but not BMIs, at 15-17 years than their peers. De Boer et al.38
reported that having 3 or more servings of milk/day was positively associated with BMI at
age 4, but not 5 years.

Investigations of associations between water intakes and obesity measures in adults suggest
that total water intake was significantly higher in heavier individuals.3%40 Kant et al.
reported that total water intake, but not plain water intake, was positively associated with
BMI in U.S. adults.3? Daniels and Popkin! considered the associations between plain water
or beverage alternatives and energy intake or weight status. They reported that replacement
of milk, juice or SSBs with water resulted in lower energy intakes and greater weight loss.
Most recently, Walton et al.*2 reported that the Irish adults in the highest tertile of drinking
water consumption had lower mean BMIs when compared to the lowest tertile of consumers,
after adjustment for SES, diet quality and energy intake (B coefficient = -0.65 [CI: -1.30,
-0.01]). Unfortunately, direct comparisons between the results reported herein and those of
other studies are limited by the fact that water was combined with other SFB in the current
study. However, the modest association between water/SFB intakes and BMI z-scores in the
current participants is consistent with previous reports associating total water with BMI.

Subjects’ median beverage intakes are generally similar to intakes reported by researchers
investigating associations between beverage intakes and obesity measures and in national
surveys.43-45 However, subjects did report lower median daily SSB intakes (~8 0z) and
higher milk intakes (~4 0z) at age 17 years than U.S. children followed by Hasnain et al.32
SSBs provide energy from added sugars; U.S. Dietary Guidelines recommend that added
sugar intakes be limited to less than 10% total energy.#6 Median juice intakes reported by
IFS subjects were higher than current American Academy of Pediatrics recommendations
(i.e, 4-6 0z) for ages 2-4.7, but within guidelines for older ages.*” Median milk intakes were
less than ChooseMyPlate recommendations at all ages.*

Both strengths and weaknesses must be considered when interpreting the current results. The
IFS dataset provides a unique opportunity to longitudinally investigate beverage intakes and
BMI z-scores across childhood and adolescence, while adjusting for energy intake and
MAR. Earlier prospective studies typically covered either early childhood or adolescent time
periods with limited repeated dietary and/or obesity measures.8:26 Additional strengths
include a loyal cohort followed for over 17 years. Validated instruments were used to query
beverage and dietary intakes at multiple time points throughout life. The longitudinal data
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allow us to examine beverage and energy intakes, MARs and BMI z-scores over time
without concerns regarding a cohort effect. Weaknesses include caregiver-reported (early
ages) and self-reported (later ages) beverage and dietary intakes that might not reflect actual
intakes. Beverage questionnaires prior to age 9 years combined 100% juice and juice drinks;
thus, juice drinks are included with 100% juice for ages 2—-4.7 and 5-8.5 years. Inclusion of
juice drinks with 100% juice prior to age 9 years could have limited our ability to identify
negative associations between 100% juice intakes and BMI z-scores and/or positive
associations between SSB intakes and BMI z-scores at early ages. The relatively small and
self-selected sample is mostly white, reasonably well-educated and reasonably wealthy, and
is not representative of other U.S or international populations.

The current findings extend earlier research associating higher intakes of SSBs with obesity
by investigating the relationship across childhood and adolescence, as well as adjusting for
reported energy intakes and MARs. Herein, positive associations between SSBs and BMI z-
scores throughout childhood and adolescence were identified. On average, BMI z-scores
increased 0.050 units with each additional 8 0z SSB consumed per day. Public health
initiatives targeting SSB consumption throughout childhood and adolescence remain
relevant.
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Research Snapshot:

Research Question:

Is there a longitudinal association between beverage intakes and BMI zscores in a birth
cohort followed for 17 years?

Key Findings:

Sugar-sweetened beverage (SSB) intakes collected by beverage frequency questionnaires
at ages 2 through 17 years were longitudinally associated with BMI z-scores calculated
from weight and height measured at ages 5, 9, 11, 13, 15 and 17 years in a birth cohort
(n=720). After adjustment for energy intake, mean adequacy ratio and baseline
socioeconomic status, each additional 8 oz SSB consumed/day throughout childhood and
adolescence increased BMI z-score an average of 0.050 units (~=0.001).
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The expected increase in BMI for 8, 16, and 24 oz of SSB intake relative to 0 0z SSB intake
for a female child at the 50t or 751 BMI percentile participating in the lowa Fluoride Study.
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The expected increase in BMI for 8, 16, and 24 oz of SSB intake relative to 0 0z SSB intake
for a male child at the 50t or 75" BMI percentile participating in the lowa Fluoride Study.

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



Page 17

Marshall et al.

's1eak g g abe ybnouyy Jouid 89Inl 9400T YIM Papnjoul ae syuLIp 8_:@

(ree'eon)est | (eye'oe)LvT | (B61'08) 22T | (€ST'€9)T6 [ LTT'TATS | (92'82) LY sojewo
(9oe'201) £4T | (9€2'T0T) 96T [ (90z'98) TET | (08T '6°9) v'0T | (9€T'09)6%8 | (92'22) L sale | (20) sabesanag 931d-1ebng Jayl0/IareM
vt'ov)eL | (Ger'vv)es | (Oet'en)vs | (CoT'ow)ve | (@s'9T)ee | (I$'2T)97 sojewo
(60z'9n)9er | (ret'on)eTr | ®9T'v9) L6 | (01’0906 | (SL'2dvy | (TSTT LT safen (z0) sabiesanag pauslaams-redng
(st'ov) 98 [ (T'sT'99) 20T [ (£'91°29)0TT | (SST ¥'9)€0T | (9ST'58) 6'TT | (T'¥1'9'2) 60T sojewo
(60z'6'9) L'TT | (6120 02T | (L2T'08)eeT | (T9T'6'L) 91T | (cL1'6'8) 22T | (L'ST'e2) 60T safen (zo) 1w
(re'o0 01T (Te'on 1T Ge'o0sT [ (ge'omeT | (99'sedery | (96'2€)09 sojewo
6c'0060 | (eo0)60 [ eo0eT | EE00YT [ rve)es | (Lorvney soe (20) ,21nc 9600T
5ee 502 0Lz 0z 882 €ee (u) serewed
202 L61 05¢ L1e 582 L1e (u) sepeN
L1-6T SYI-€T S§eI-TT S0T-6 585 172
(saeak) aby XoS abeuanag
‘abe

Author Manuscript

‘T al1qeL

Author Manuscript

Author Manuscript

Jo s1eak JT-GT pue G¥T—€T 'G'2T-TT 'S'0T—6 'G'8—G ‘L ¥~ e suedionted Apms aprion|4 emo| Jo saxelul abelanaq Ajrep (sjnusaiad G/ ‘yGe) UBIPSIN

Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



Page 18

Marshall et al.

3110[B20] 1
q

2T 80U3I3J9Y LI0Y PAYIPOW,,

(88'0'59'0) 82°0 (06'0 ‘'TL°0) 28°0 (56'0 '28'0) 68°0 (56'0 '58'0) 26°0 (96'0 '26'0) ¥6°0 (96'0 '26'0) ¥6'0 sofewsS
(s6'0'620) 280 | (v6'0'18°00680 | (26'0°280)€60 | (260'68°0)v60 | (£6'0'€6'0)G60 | (96'0'€6'0) G560 safe dVYIN

(76ST '286) 892T | (v2LT 'S80T) 29T | (¥98T '¥8TT) LTST | (2T8T 'TOET) 609T | (¥SLT ‘€2vT) 98ST | (2L¥T '8¥TT) 6621 sofewsS
(0622 ‘'89€T) 22T | (€822 ‘sssT) 28T | (6222 'ovvT) 68T | (1712 'sevT) v2uT | (e96T 'sosT) TeLT | (T€9T ‘862T) T2vT sore | (oPlg1en Abiou3

L6T 90¢ 6€2 e 8€eT 0€2 (u) sorewad

€LT L6T 0z 9z 43 1€2 (u) saren

11-ST GYT-€T GZI-T1 G'0T-6 §'8-G LI'v2

(sareak) aby x9S abeuanag

Author Manuscript

‘¢ 9|qeL

Author Manuscript

Author Manuscript

m_.mmm 10 SIeak ) T-GT pue G'yT

—€T'G2T-TT 'S'0T-6 'G'8-G ‘L - siuedionued Apns aprion|4 emo] Jo (4VIN) sorel Aaenbape uesw pue saxeiul ABisus (3]1nusdied G/ ‘;Gz) UeIpaln

Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



Page 19

Marshall et al.

*(s1591-] 8|dwies-z ‘AjaAnadsal ‘'9z0"0 pue 670'0=) SIeak TT pue g sabe Je sajewa) pue safell Usamiag pataylp salods-z |INg uean,

Xapul ssew %omq

"a[ewa) G9€ PUE dJewW GGE ‘02/=U,

TOTFGy0 | 86°0Fvv'0 | LOTF9Y0 | ETTF9€0 | TTTFGE0 | L0TF820 sajewoS
ZUTF290 | vOTF250 | ¢TT+650 | ETTF650 | 90TF€50 | 60T F¥€0 S9JeN 0g*10%% 2 ING
8GFEVZ | 67V¥82C | TS*8TC | €vFL6T | 9€FT8T | 6TF6GT sajewo
06¥06z | Lvy¥0€z | TGF02C | 9v*20c | 6€FS8T | 8TFT9T S9JeN g8
L'9FLS9T | 99FSHIT | v'9FZTOT | ¥2F6'8YT | 69F L'GET | ¥'SF60TT sajewo
VLFE6LT | 8LFEGLT | T6F8VIT | 9LFT6HT | €LF6LET | 9GFQTIT S9JeN (wo) ybreH
GOT¥899 | 9VT+6T9 | 9VTF0LG | ¢eTFevy | 98F9€€ | 9€+FL6T sajewo
08T ¥G08 | T9T+80L | TLTF209 | TETF¥'Sh | 96FGSE | zeFeoe S9JeN (6%) wBram
oz €12 L1z 8vz 887 e (u) sarewad
144 102 192 1€2 682 AR (u) saren
1T ST €1 1 6 S
(saeak) aby XaS | aanseaw oLiBwododyIuy

'sieak T pue GT ‘ST ‘TT ‘6 ‘G Sabe ayewixoudde e %Emg_o_:ma Apnis apLion|4 emo] Jo sainsesw dllswodolyiue (Qs F) Uesiy

Author Manuscript

‘€ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



Page 20

Marshall et al.

's1eak g'g abe ybnoayy Joiid 89Inl 9500T UM PapPN|OUI e SHULIP 8dINC

4

"S3S auljaseq pue ‘ones Aoenbape uesw ‘axeiul ABiaus 10y paisnipe s|opoW PaXIW Jesul| WOl 8100S-Z [NG Uesl Uuo axelul afesansg Ajrep [euonippe 40 2o g 10 (12 %G6) 10848 parewins3,

'S3S auljaseq pue axeiul ABisus 1oy paisnipe s|apowl paxiw Jeaul] Woly 8109s-Z |G Ueall uo axeiul abesanag Ajrep jeuonippe 40 zo 8 Jo (1D %S6) 198440 parewnsy

Y
Jews) ¥TE ‘o[ew 60 ”mmoucu

'S|9poW PaxIw Jeaul| paisnipeun woiy a109s-z |G UeaW Uo ayelul abelansq Ajrep euonippe Jo zo g 4o ([12] [eAIsIU| 89UBPIIUOD 9%4S6) 109448 Parewnsy

q
‘aJewsa} y9¢ ‘slew SG€ ”m._”mncm

€100 (9v0°0 '900°0) 920°0 €100 (9%0°0 '900°0) 920°0 2200 (¢v0°0 '€00°0) €20°0 | sabesanag 9a14-1e6NS JBYIO/ISNEM
1000 (6£0°0 '220°0) 050°0 1000 (8£0°0'120°0) 0500 | T00°0> (€80°0 '0£0°0) 950°0 sabelanag pausjeams-Iebing
€10 (2500 *200°0-) 2200 €10 (250°0 *200°0-) 2200 1€0 (T¥0°0 ‘€T0°0-) ¥70°0 AN
160 (2500 '650°0-) T00"0- 160 (2500 '650°0-) T00°0- 820 (2200 '920°0-) L200- 420 96001
50538 2ullsseq pue HVIN ‘ABasua 1o} n,omm_w auljeseq pue ABJsus 10} | anjead ndwgoom
paisnipe 8109s-z ||A/g UeaW UO axelu| paisnipe 8103s-z |G UBaW UO axelu] -Z |INg Ueaw uo axelu| abedsnag
anfend | abesanag Jo (10 9656) 10843 parewnnsg | anjea-d | abesanag 4o (10 %G6) 108443 perewnsy 10 (1D %S6) 108443 parewns3 8|qele abetanag

w.wEmo__o_tS ApniS aplLion|4 eMO] Ul 92Ud3S3j0pe pue pooyp|iyd BuLinp (SYVIA) solrel Aoenbape uesw

pue saxeiul ABlaus ‘(S3S) SNIe1S 21WOU0I30IJ0S duljaseq 10} palsnlpe $3109s-z (JIAG) Xapul ssew Apog uealw Uo saxelul abeianaq Jo $199))8 JO Arewwns

Author Manuscript

‘¥ al1qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



Page 21

Marshall et al.

's1eak g g abe ybnouyy Jouid 89Inl 9400T YIM Papnjoul ale sYuLIp 8_3b

*SNJe]s J1WOoU0930120S

auljaseq pue ‘orres Aoenbape uesw ‘axeiul ABisus 10y paisnipe s|oPOL PaXIW Jeaul| WOl 8100S-Z [Ng Uesw uo axeiul afesanag Ajrep [euonippe 4o zo g 1o ([12] [eAlsiul 8oUsplu0) %G6) 1081 parewnsy

q
alews) ¢ ‘aew 60 ”mmoucm

81200 (#¥0°0 '€00°0) €£20°0 | T00°0> (2970 '¥¥0°0) €0T'0 | sabelanag sa14-1ebNS JoLIO/IrM

7000 (£L0°0'6T0°0) 8%0°0 €T0 (52T°0 ‘€20°0-) 9200 sebeionag pausieams-refing

120 (TS0°0 'TT0°0-) 020°0 ST0 (60T°0 ‘2T0°0-) 9%0°0 AN

620 (S21°0 '8€0°0-) ¥¥0°0 250 (550°0 ‘20T°0-) 920°0- o®INC %001
(21 pue ‘gt ‘eT ‘1T sabe "xoadde) g abe | anpen-d4 (6 pue g sabe "xoadde) ¢ abe 03

anjen d J31Je 91095-Z ||\Ig Ueaw uo axelu| abedanag Jo 10843 parewnsy Jo1ad 8103s-Z ||\g Ueaw U axelu| abelsnag Jo 19843 parewsg a|qelJen abeaanag

Q_m.ﬂ%a_o_tmg Apms apLion|4 emoj ul

30Ud9S9|0pE puR pooyp|1yd Bulinp sieak ¢ abe Jaye pue al1ogaq $8103s-Z (JING) Xapul ssew Apoq ueaw uo sayeiul abelanaq paisnipe Jo s10ays Jo Arewwing

Author Manuscript

Author Manuscript

‘G 9|qeL

Author Manuscript

Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2020 March 01.



	Abstract
	Introduction:
	Materials and Methods:
	Data Collection:
	Socioeconomic status (SES):
	Beverage intakes:
	Energy intakes and MARs:
	Anthropometric measures:
	Participants:
	Statistical Analyses:

	Results:
	Discussion:
	Conclusion:

	References
	Figure 1 –
	Figure 2 –
	Table 1:
	Table 2:
	Table 3:
	Table 4:
	Table 5:

