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Abstract

An epidemiological analysis assessing beverage consumption and risk factors of cardiovascular
disease was conducted. Participants were 9-16 years old at enrollment, completed food frequency
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questionnaires in 1996-2001 and self-reported outcomes in 2010-2014. Exclusion criteria
included missing data on relevant variables and covariates, prevalent disease before 2005, and
implausible/extreme weight or energy intake. Intakes of orange juice, apple/other fruit juice,
sugar-sweetened beverages and diet soda were related to risk of incident hypertension or
hyperlipidemia using Cox proportional hazards regression, adjusting for diet, energy intake, age,
smoking, physical activity and body mass index. There were 9,043 participants with 618 cases of
hypertension and 850 of hyperlipidemia in 17 years mean follow-up. Sugar-sweetened beverage
intake but not fruit juice nor diet soda was associated with hypertension (hazard ratio (95%
confidence interval): 1.16 (1.03, 1.31)) in males. This study can guide beverage consumption as it
relates to early predictors of cardiovascular disease.
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Introduction

As the leading cause of death in the US, cardiovascular disease is a serious public health
threat (Centers for Disease Control and Prevention 2018). Although it disproportionately
affects older adults (Mozaffarian et al. 2015), early symptoms such as elevated blood
pressure (hypertension) and lipids (hyperlipidemia), both of which are closely associated
with the progression of cardiovascular disease (Freiberg et al. 2008; Di Angelantonio et

al. 2010; Benjamin et al. 2019), can begin to appear much earlier in age. Therefore, early
management of these risk factors is crucial in preventing the onset of cardiovascular events
that may otherwise occur years or decades later.

Excessive added sugar intake increases the risk of obesity (Stanhope 2016) and
cardiovascular disease (Vos et al. 2017) through caloric imbalance. Additionally, there is
evidence suggesting that fructose may be particularly deleterious in the progression of
cardiometabolic abnormalities (Stanhope et al. 2015; Muth et al. 2019). Fructose is the
monosaccharide most prevalent in high-fructose corn syrup, a sweetener that is common

in sugar-sweetened beverages (SSBs), but fructose is also found naturally in food such as
fruits. SSBs are the largest source of added sugar in the American diet (U.S. Department of
Agriculture and U.S. Department of Health and Human Services 2020), and several studies
in adults (Fung et al. 2009; Pacheco et al. 2020) reported an unfavorable association between
SSB intake and various forms of cardiovascular disease. Additionally, while 100% fruit juice
contains no added sugar, its total carbohydrate content is similar to that of many SSBs, and
some researchers have reported that excess fruit juice consumption contributes unfavorably
to childhood obesity in young children (Dennison et al. 1999; Libuda et al. 2008; Sonneville
et al. 2015; Shefferly et al. 2016). However, studies assessing cardiovascular disease or its
biomarkers as the outcome report equivocal findings (Joshipura et al. 1999; Freedman et

al. 2001; Park et al. 2004; Hung et al. 2004; Morand et al. 2011). Notably, there may be

a differential effect by juice type on the outcome, as the flavonoids (primarily naringenin
and hesperidin) and vitamin C in citrus juices are posited to offer additional cardioprotective
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effects through increased antioxidant activity (Morand et al. 2011; Wang et al. 2011; Ke et
al. 2015).

Over 54% of 6-11 year-olds and 58% of 12-19 year-olds consume SSB, making them the
largest consumer age group (Martin et al.). Comparatively, 40-44% of adults consume SSB
(Martin et al.). Among SSB consumers, 6-11 year-olds drink 14 fl oz. and 12-19 year-olds
drink 19 fl oz. daily on average (Martin et al.). Overall, fruit juice intakes in children have
declined over the past several years (Bowman et al.), with 28% of 6-11-year-olds and 16%
of 12-19-year-olds consuming 100% fruit juice (Martin et al.). Although, despite fewer
older children consuming fruit juice, their mean daily intake is higher than 6-11-year-olds’
(12 vs 8 fl 0z.) (Martin et al.). Consumption of diet soda in this age group is relatively low
(approximately 6% (Bleich et al. 2018)) but is often used as an alternative to SSB or other
sweetened beverages to reduce calorie intake and obesity risk (Fitch and Keim 2012). The
Dietary Guidelines 2020-2025 recommend limiting 100% fruit juice intake to fewer than
4-10 fl oz. per day (contingent on estimated energy requirements) and added sugar intake to
fewer than 10% of one’s total energy intake starting at age 2.

Children are among the largest consumers of sweet beverages such as fruit juice and SSB,
yet there is a paucity of longitudinal studies investigating the association between their
consumption at an early age and the early development of cardiovascular disease. Given the
immense threat cardiovascular disease imposes on public health, it is essential to understand
whether early consumption of these beverages is related to progression of cardiovascular
disease. Thus, the objective of this study was to determine the association between fruit
juice, SSB and diet soda intakes in preadolescent and adolescent years and risk of incident
hypertension and hyperlipidemia in young adult years.

Study population

The Growing Up Today Study (GUTS) is an ongoing longitudinal study of participants

who are offspring of Nurses” Health Study Il participants (Bao et al. 2016). Enroliment

for GUTS began in 1996 when prospective participants, aged 9-16 years, were invited to
complete a survey detailing anthropometric, dietary, physical activity, heath and sociological
information. The participant’s mother provided informed consent and completion of the
initial survey was considered assent. Enrolled participants were invited to complete follow-
up surveys in 1997, 1998, 2001, 2003, 2005, 2007, 2010, 2013 and 2014, when participants
were 27-34 years old. Participants were excluded from this study for missing data on
relevant dietary variables (n=316), body mass index (BMI, n=255), physical activity (n=10),
age (n=5), race/ethnicity (n=104), smoking (n=145), or invalid outcome data (prevalent
hypertension or hyperlipidemia prior to 2005 or missing incidence interval, n=383).
Participants were also excluded for implausible/extreme BMI z-score (<—3 or >3, n=130) or
total energy intake (<500 or >5,000 kcal/day, n=0) (Berkey et al. 2004). Additionally, 6,428
participants were lost to follow-up (did not return questionnaire in 2010, 2013 or 2014).
Out of 16,819 participants enrolled at baseline, 9,043 participants (3,264 males and 5,779
females) were included in the final analytical cohort (Figure 1). This study was approved
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by the Institutional Review Board at Brigham and Women’s Hospital. The return of each
questionnaire was considered as informed consent.

Dietary assessment

Semi-quantitative food frequency questionnaires (FFQ) were administered in 1996, 1997,
1998 and 2001. Dietary data were measured using cumulatively updated average intake,
wherein all available data are averaged, and the most recent available data is used in the
event of missing data (Liao et al. 2011). The FFQ asked participants to quantify their dietary
intake over the past 12 months and has been validated against three 24-hour recalls in
adolescents with moderate validity (Pearson correlation coefficient = 0.54) (Rockett et al.
1997). Fruit juice was defined as the sum of orange juice and apple juice/other fruit juice.
SSB was defined as a sum of soda (not diet) and Hawaiian Punch, lemonade, Koolaid/other
non-carbonated fruit drink. Importantly, the appearance of this “other non-carbonated fruit
drink” option distinguishes fruit-flavored beverages with added sugar from 100% fruit juice,
as is intended for orange and apple/other fruit juices. Sports drinks and tea (hot or iced) were
not included in our definition of SSB because the FFQ did not indicate whether or not these
were sweetened with sugar. Diet soda intake was estimated using the sole question referring
to diet soda intake.

The response options for beverages in the FFQ were categorical and specified portion sizes
were “1 can or glass” (SSB and diet soda) or “1 glass” (fruit juice). These categorical

intake values were converted to continuous (servings per day) for this study. Response
options varied for each food/beverage, and when a range of intakes was specified, the
midpoint was used (e.g. “1-3 glasses per month” was considered to be 2 glasses per month
and subsequently .067 glasses per day). In cases of other ambiguous response options, a
conservative estimate was used. For example, “Never/less than 1 per month” was considered
as 0 daily servings, and “>2 glasses per day” was considered as 3 glasses per day.

Hypertension and hyperlipidemia assessment

The primary outcomes of interest were incidence of hypertension and hyperlipidemia.

In 2010, 2013 and 2014, surveys included opportunities to self-report the presence of
health conditions along with year of first diagnosis presented as intervals. Specifically, the
question asked, “Have you ever been told by a healthcare provider that you have any of the
following illnesses?” Participants were instructed to either answer “yes” and follow up by
indicating the year of first diagnosis or skip the question to indicate a negative response.

In 2010, the response options for the year of first diagnosis included “before 1996,”
#1996-1999,” “2000-2004,” “2005-2009,” and “2010+.” In 2013, the response options
included, “before 2006,” “2006-2008,” “2009-2011,”and “2012+.” In 2014, the response
options included, “before 2009,” “2009-2013,” and “2014+.” The primary outcomes of
interest were hypertension and hyperlipidemia. Hypertension was defined by the question,
“Hypertension (high blood pressure)” and hyperlipidemia was defined by the questions,
“High cholesterol, triglycerides or lipids (2010 and 2013)” and “High cholesterol (2014).”
To reduce the potential effect of reverse causation, a 4-year lag time from the end of dietary
data assessment was used by excluding participants with prevalent disease prior to 2005.
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Covariate assessment

Participants self-reported age (birthday) and race/ethnicity in the 1996 survey, and height,
weight, smoking and physical activity in the 1996, 1997, 1998 and 2001 surveys.
Instructions were provided for measuring one’s own weight and height. Self-reported height
and weight have previously been validated in this age group (Strauss 1999; Goodman et al.
2000; Elgar et al. 2005). These measurements were used to calculate BMI. Using pediatric
BMI growth charts from the Centers for Disease Control and Prevention (Kuczmarski et
al. 2002), BMI was then normalized to age and sex to determine BMI percentile, BMI
z-score and weight status. BMI z-score was used as a covariate since childhood growth is
non-linear and therefore BMI must be standardized to age and sex. For smoking status, the
last observation was carried forward to fill in 1999 and 2000. Participants were considered
to have smoked in the past year if they responded positively to the question, “In the

past 12 months, have you smoked a cigarette (1997, 1998, 2001 surveys)” or “Have you
ever smoked a cigarette (1996 survey).” Total energy intake was calculated by summing
the energy intakes of individual foods and beverages in the FFQ, and averaged across all
available FFQs (cumulatively updated average).

Physical activity was calculated using responses from the physical activity questionnaire
(1996, 1997, 1998 and 2001) wherein participants indicated the amount of time spent
engaged in a wide range of physical activities such as sports, running, weight lifting, manual
labor or gardening. The amount of time spent engaged in each activity was multiplied by its
metabolic equivalent of task (MET) score and summed. Only activities of at least moderate
intensity (MET =4) were included in this analysis (Ainsworth et al. 2011).

We used principal components analysis with 23 food groups contained within the FFQ
(excluding beverages) in order to capture dietary patterns in the population, and used these
to account for dietary behaviors that correlated with beverage intake patterns. The factor
loading coefficient for each food group reflects an estimate of the adherence to the dietary
pattern; i.e., the higher the coefficient the greater the intake of that dietary pattern. Factors
with an eigenvalue of 1.0 were first considered for the analysis (Schmitt 2011) (six factors).
Then, those factors that explained >=5.0% variance of intake were kept (four factors).

Statistical analysis

To assess risk of incident hypertension or hyperlipidemia by beverage intake, a

Cox proportional hazards regression model was used to fit interval-censored incident
hypertension- and hyperlipidemia-related event data (Heller 2011). This model is
appropriate for estimating the degree of risk of multiple risk factors, such as the competing
beverages fruit juice, SSB and diet soda, simultaneously. Participants were followed up
from the baseline questionnaire until the year of first reported diagnosis of hypertension or
hyperlipidemia, death, or end of study follow-up (2014), whichever came first. Hypertension
and hyperlipidemia were treated as separate outcomes; therefore, in instances where
participants reported being diagnosed with both diseases, person-time was calculated
independently for each disease. The explanatory variable was cumulatively updated average
intake of each beverage. The proportional hazards assumption was checked via martingale
residuals. A sensitivity analysis after removing these outliers was carried out and the partial
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maximum likelihood estimates of the regression coefficients were similar. The covariates
included all three beverage types, total energy intake, age, smoking, physical activity, BMI
z-score, and diet patterns. An inverse probability weighted approach was used to account
for loss-to-follow-up (Mansournia 2016). Physical activity and total energy intake were
log-transformed due to non-normal distributions. Results were stratified by outcome and
gender. We also conducted a subgroup analysis (a priori) with fruit juice type due to prior
literature suggesting a potential benefit of citrus juice (Dennison et al. 1997; Morand et al.
2011; Rampersaud and Valim 2017; Sakaki et al. 2021). Confidence interval (Cl) was used
to determine statistical significance: an HR value with a 95% CI that does not contain the
null value of 1.00 (Attia 2005; du Prel et al. 2009). Statistical analyses were conducted using
SAS® software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Baseline characteristics

The majority (>96%) of participants were non-Hispanic white (Table 1). The average
baseline age was approximately 12 years old and the mean BMI z-score indicated normal
weight status. Fewer than 10% of participants reported having smoked a cigarette in their
lifetime. The consumption of SSB was the highest among the three beverages, with fruit
juice following second. The proportions of orange juice and apple/other fruit juice consumed
were relatively similar. A sensitivity test was conducted to compare differences in baseline
characteristics of participants who were excluded vs. those who remained in the analysis.
Overall, males were more likely to be excluded than females. Excluded participants had

a higher prevalence of smoking, consumed more SSB, consumed less orange juice (males
only), and engaged in more physical activity.

Principal components analysis of diet patterns

Four distinct diet patterns emerged from the principal components analysis: diets high in
plant-based food (factor 1), sweet and salty food (factor 2), meat (factor 3), and starch and
dairy (factor 4) (Supplemental Table 1). Together, these four diet patterns explained 40.3%
of the variance in total dietary intake. Fruit juice consumption was associated with higher
intakes of all four groups. SSB intake was positively associated with intakes of sweet and
salty food and meat; and in girls only was negatively associated with starch and dairy intake.
Diet soda intake was negatively associated with starch and dairy intake among both sexes;
and in girls only was also positively associated with intakes of a plant-based diet, sweet and
salty food, and meat.

Beverage intake and risk of hypertension or hyperlipidemia

The results of the Cox proportional hazards regression are displayed in Table 2. The mean

+ SD follow-up time among all male participants was 17.3 + 1.4 years and among all
female participants was 17.6 + 1.7 years. There were 618 hypertension cases and 850
hyperlipidemia cases in total. In males, the risk of incident hypertension increased with SSB
intake (hazard ratio (HR) and 95% CI: 1.16 (1.03, 1.31)) after adjusting for diet patterns,
total energy intake, age, smoking, physical activity and BMI z-score. Intake of fruit juice
was not significantly associated with either hypertension or hyperlipidemia risk. Diet soda
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intake was positively associated with hypertension in both males and females in the crude
model, but was no longer statistically significant after adjusting for covariates. Similarly,
diet soda was associated with hyperlipidemia risk in males in the crude model but was

not statistically significant in the adjusted model. Additionally, there was no association
between fruit juice subgroup (orange juice and apple/other fruit juice) and hypertension or
hyperlipidemia risk (Supplemental Table 2).

Discussion

In this longitudinal cohort analysis, 9,043 children and adolescents without hypertension or
hyperlipidemia at baseline were followed for a maximum of 18 years, into early adulthood,
in order to evaluate the relationship between early adolescent beverage intake and risk of
incident hypertension and hyperlipidemia in early adulthood. Among males only, intakes of
SSB and diet soda were determined to be risk factors for incident hypertension, and fruit
juice consumption was not associated with risk of either disease.

A recent meta-analysis (Kim and Je 2016) of six longitudinal cohort studies of adults
similarly determined that SSB intake was associated with risk of incident hypertension, and
with a magnitude of risk comparable to that in our study (pooled relative risk comparing
highest to lowest categories of intake: 1.12 (95% CI: 1.07, 1.17)). Fructose, a sugar available
in free form or as a disaccharide in the form of sucrose or high-fructose corn syrup,

may underlie hypertension pathology. Fructose induces depletion of phosphate in the liver
(Lustig 2010), increasing uric acid production (Choi et al. 2010), and is correlated with
high serum uric acid (Nguyen et al. 2009). Uric acid is involved in the pathology of
hypertension as it inhibits endothelial nitric oxide synthase production—reducing nitric
oxide synthesis—induces renal inflammation and arteriosclerosis, and activates the renin-
angiotensin-aldosterone system (Feig et al. 2006; Lustig 2010). Through these mechanisms,
it is posited that hyperuricemia is pathogenically involved in the development of early
onset hypertension (Feig 2012; Mallat et al. 2016), and in children and adolescents it
predicts 89% of essential hypertension cases (Feig and Johnson 2003). Indeed, adolescents
consuming SSBs tend to have higher serum uric acid (Shih et al. 2020), likely explaining
the elevated blood pressure. Also, we cannot entirely rule out the possibility that residual
confounding regarding undesirable dietary or lifestyle behaviors that are correlated with
SSB consumption, such as poor diet quality (Doherty et al. 2021), persisted. However, we
attempted to account for these factors by adjusting for key potential confounders including
total energy intake, dietary patterns, smoking, physical activity and BMI.

The observation that hypertension risk was elevated only among males and not females was
surprising given that the aforementioned mechanism regarding fructose and hypertension

is gender-independent. However, gender-based differences in hypertension risk factors and
prevalence has been documented (Everett and Zajacova 2015; Choi et al. 2017). The overall
prevalence of hypertension is higher among men than women (Cutler et al. 2008; Everett
and Zajacova 2015; Choi et al. 2017), owing to both biological and behavioral reasons.
First, males tend to have higher blood pressure sensitivity to angiotensin I1, an inducer of
hypertension (Tatchum-Talom et al. 2005; Ji et al. 2010). Second, estrogen is postulated

to function as a protector against hypertension, as evidenced by elevated blood pressure in
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women with low estrogen such as those with Turner syndrome or experiencing menopause,
the latter holding true even when adjusting for age (Nathwani et al. 2000; Pal and Santoro
2002). Furthermore, there are differences in the utilization of health care resources by
gender that lead to disparities in health. In general, young men are less likely to seek routine
clinical care (e.g. annual check-ups with a primary care physician), where screening for
hypertension would occur (Williams 2003). The lack of awareness of being hypertensive

or at high risk thus removes the impetus to adjust dietary and lifestyle behaviors that

would otherwise lower hypertension risk. Comparatively, young women may have a higher
likelihood of health screening if they are routinely visiting a gynecologist (Schmittdiel et al.
2011). Gender norms, such as the paradigm that men may be considered less masculine

or weak if they seek medical care, likely play a role in the disparity in health care
utilization (Jeffries and Grogan 2012). Together, these factors may explain the discrepancy
in hypertension risk for SSB consumption between genders.

Interestingly, SSB intake was not associated with risk of hyperlipidemia, despite a well-
supported connection between added sugar and cardiovascular disease risk (Vos et al. 2017).
It is hypothesized that excess fructose and glucose both contribute to dyslipidemia. Glucose
induces insulin secretion which subsequently increases fatty acid synthesis in adipose tissue
(Geissler and Powers 2011). Fructose, on the other hand, is metabolically fated for the liver
where it undergoes de novo lipogenesis and converts to short chain fatty acids (Parks et al.
2008). Our results are consistent with a similar, although smaller and of shorter duration,
prospective cohort study. Ambrosini et al. (Ambrosini et al. 2013) reported an unfavorable
association between change in SSB intake from 14 to 17 years old and triglyceride and
HDL concentrations; however, these associations became attenuated and non-significant
after adjusting for dietary patterns.

Overall, fruit juice was not associated with risk of either hypertension or hyperlipidemia.
This is significant given the similarities in total sugar content with SSB and that 100%

fruit juice even has a slightly higher ratio of fructose-to-glucose than does SSB (Walker

et al. 2014). Several studies support a neutral or even favorable impact of fruit juice

intake on biomarkers of cardiovascular disease (Reid et al. 2010; Morand et al. 2011,
Foroudi et al. 2014; Rangel-Huerta et al. 2015; Schar et al. 2015; Ponce et al. 2019).

A potential explanation is that antioxidant flavonoids such as hesperidin and naringenin
counter deleterious effects induced by free sugar. Hesperidin, a flavanone abundant in citrus
fruit, has been postulated to be a chief agent in promoting cardiovascular health due to

its function as a superoxide anion scavenger and its ability to reduce hydrogen peroxide
production and subsequently lipid peroxidation. However, the evidence regarding its utility
in improving blood pressure or an abnormal lipid profile is mixed (Morand et al. 2011;
Schar et al. 2015; Mohammadi et al. 2019; Valls et al. 2021). Therefore, it is likely that
healthier dietary patterns and lifestyle factors associated with fruit juice consumption (Wang
et al. 2012; Yang et al. 2013; Sakaki et al. 2019) attenuate the risk of hypertension or
hyperlipidemia. In the subgroup analysis, apple/other fruit juice but not orange juice was
positively related to hyperlipidemia, contrary to our initial hypothesis. Whether this finding
is spurious or reflective of an actual protective effect is unclear, though given the relative
lack of beneficial flavanones and vitamin C in non-citrus juice it is likely the former. Future
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studies are needed to elucidate the clinical roles of these citrus juice bioactive components
on cardiovascular disease risk factors in young adults.

Given diet soda’s absence of free sugar and calories it was expected that its consumption
would not increase hypertension risk. However, similar to SSB’s mild’s association with
hyperlipidemia risk, the lower bound of the 95% confidence interval for diet soda’s risk

of hypertension barely crosses over the non-significant threshold after full adjustment. The
relatively low prevalence of diet soda consumption in this cohort may contribute to the

lack of statistical significance when there may in fact be some correlation. This finding

is complicated by the conflicting reports in other studies. Low-calorie sweeteners such

as steviosides, aspartame and sucralose have been shown to reduce blood pressure in
hypertensive rats (Kiritsy and Maher 1986; Hsu et al. 2002) and healthy humans (Pham

et al. 2018), purportedly via prostaglandin-mediated vasodilation (Melis and Sainati 1991)
or inhibition of calcium influx (Lee et al. 2001). Yet, observational studies evaluating diet
soda’s association with blood pressure offer varying and oppositional results (Cohen et

al. 2012; Maersk et al. 2012; Cheungpasitporn et al. 2015; Kim and Je 2016). People

who are already at elevated risk of incident hypertension or hyperlipidemia (such as obese
individuals) may turn to consuming diet soda as a substitute for added sugar in order to
reduce caloric or sugar intake. This phenomenon is known reverse causation, in which the
relationship between exposure and outcome is distorted and seemingly reversed (Willett
2012). In the US, obese people are more likely to consume low-calorie sweeteners than their
non-obese counterparts (Sylvetsky et al. 2017), which independently elevates the risk of
hypertension (Rahmouni et al. 2005). Given that diet soda is commonly used as a sugar-free
substitute for SSB, it is possible that diet soda consumers exhibit similar dietary and lifestyle
characteristics to SSB consumers that predispose them to hypertension. In any case, we
attempted to account for the possibility of reverse causation by using a 4-year gap between
measurements of exposure and outcome.

This study had several notable strengths. First, using principal components analysis to
determine diet patterns allowed us to independently evaluate the associations between the
intake of the beverages and the diseases. As diet is a critical modifiable factor in disease
progression, it was essential to account for its potential confounding effects. Second, the
study design was longitudinal with a follow-up of 18 years and included a 4-year lag time
between the collection of dietary data and disease assessment. This is an ideal structure

for an epidemiologic investigation of the prospective nature between diet and disease as it
allows sufficient time for the development of chronic conditions and reduces the potential
impact of reverse causality. However, there are limitations that deserve consideration.

As the disease data were collected via self-report, there is the possibility of reporting

bias. Participants may have erroneously under-reported the presence of disease, whether
voluntarily or due to a lack of knowledge of their own disease status. Yet, self-reported data
on cardiovascular disease is likely to result in underestimation (Oksanen et al. 2010) which
would err the current analysis on the conservative side. It is also important to consider that
hypertension and hyperlipidemia are early risk factors of cardiovascular disease and not in
and of themselves diseases of the heart. While assessing the predictors of risk factors is
beneficial in ultimately preventing or deterring from the onset of cardiovascular disease, we
were not able to make causal inferences between beverage intake and heart disease itself

Int J Food Sci Nutr. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sakaki et al.

Page 10

(such as myocardial infarction or stroke). Furthermore, the principal components analysis
for diet factors required a subjective assessment of food groups. While many items on the
FFQ neatly fit into one of four categories, certain items with unspecified ingredients such

as “mixed dish” or “dressing” did not objectively fit into a distinct food group. For these
items, assumptions had to be made regarding standard ingredients that aligned with the food
group to which they belonged. Also, the GUTS cohort was not designed to be nationally
representative which potentially limits generalization, especially racially/ethnically given the
relative dearth of racial diversity. Finally, nearly 46% of participants did not follow up or
were excluded from this analysis due to missing data which may have led to survivorship
bias, particularly due to the higher prevalence of smoking among those excluded.

In conclusion, SSB intake in preadolescence/adolescence were positively associated with
incident hypertension risk in early adulthood among males, while fruit juice and diet soda
were not associated with either hypertension or hyperlipidemia risk. Parents, clinicians,
health advisors and children can utilize this data to make informed decisions regarding their
beverage intake as it pertains to cardiovascular health. Future studies should investigate
these relationships in other populations, particularly in ethnic minority groups, and evaluate
the gender-based differences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(n=16,819)

GUTS participants enrolled at baseline

GUTS participants with exclusions

* Missing diet (n=316)

* Missing BMI (n=255)

* Missing physical activity (n=10)

* Missing age (n=5)

* Missing race/ethnicity (n=104)

* Missing smoking (n=145)

* Invalid outcome data (prevalent hypertension or
hyperlipidemia prior to 2005 or missing) (n=383)

* Implausible or extreme BMI (BMI z-score <-3 or >3)
(n=130)

* Implausible or extreme total energy intake (<500 or
>5,000 kcal/day) (n=0)

* Lost to follow-up (n=6,428)

(n=9,043)

GUTS participants in final analysis

Hypertension

Hyperlipidemia

Hypertension
(n=618)

No hypertension
(n=8,425)

Hyperlipidemia No hyperlipidemia
(n=850) (n=8, 193)

Figure 1.

Study flow chart.
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Baseline characteristics of Growing Up Today Study participants (n=9,043)

Table 1.

Males (n=3,264) Females (n=5,779)

Mean (%) SD(n) Mean (%) SD(n)

Non-Hispanic white, % (96.2) (3139) (96.2) (5599)
Past-year smoking, % (9.5) (311) 9.2) (530)
Age,y 11.95 1.60 12.06 1.60
BMI% z-score 0.24 1.01 0.10 0.98
Fruit juice, servings/dayb 0.87 084 081 0.80
. . b 0.47 0.54 0.40 0.50

Orange juice, servings/day

Apple/other juice, servings/dayb 041 0.52 0.41 0.51
SSBC, servings/dayd 1.19 1.09 0.98 1.05
Diet soda, servings/dayd 0.16 0.45 0.17 0.44
Total energy intake, kcal/day 2,291 704 2,047 634
Physical activityd, MET-hrs/week 138.78 81.66 109.58 72.21

aBMI, body mass index.

bopi ”
Serving size: “1 can or glass.

CSSB, sugar-sweetened beverage.

dServing size: “1 glass.”
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Physical activity was calculated by summing the hours per week spent participating in various sports, games and intentional exercise of moderate

or vigorous intensity (MET = 4) and multiplying by the MET score. Median (IQR): Males: 124.54 (101.56), Females: 95.48 (87.85).
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Table 2.
Cox multivariable regression for hazard ratios (95% confidence interval) of hypertension and hyperlipidemia

in relation to beverage intake” in Growing Up Today Study participants (n=9,043, 618 hypertension cases and

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

850 hyperlipidemia cases)

Males (n=3,264)

Females (n=5,779)

Hypertension

Crude model
Fruit juice 1.07 (0.93,1.23)  0.88(0.73, 1.07)
SSB 1.16 (1.05,1.28)  1.20 (1.05, 1.37)
Diet soda 146 (1.22,1.76)  1.47 (1.20, 1.79)

Adjusted modelb

Fruit juice 1.12(0.95,1.31)  0.91(0.74, 1.11)
SSB 1.16 (1.03,1.31)  1.10 (0.95, 1.28)
Diet soda 1.21(0.98,1.50)  1.09 (0.87, 1.37)

Hyperlipidemia

Crude model
Fruit juice 0.99 (0.85,1.14)  0.90 (0.78, 1.05)
SSB 1.14(1.03,1.27)  1.00(0.90, 1.12)
Diet soda 1.27 (1.00,1.61)  1.08 (0.89, 1.31)
b

Adjusted model

Fruit juice 0.97(0.82,1.15)  0.94 (0.80, 1.11)
SSB 1.10(0.98,1.24)  0.97 (0.85, 1.11)
Diet soda 1.16 (0.90, 1.49)  1.02 (0.83, 1.24)

aServing size was defined as “1 can or glass” for fruit juice and “1 glass” for SSB and diet soda daily.

bAdjusted for diet patterns, total energy intake (log-transformed), age, smoking, physical activity (log-transformed) and BMI z-score.

SSB, sugar-sweetened beverage.
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