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Abstract

Objective—To investigate the relationship between LCS, energy intake, and weight in United
States youth.

Methods—Data were collected from individuals aged 2 to 19 years, who participated in
NHANES in 2009-2010 (n=3,296), 2011-2012 (n=3,139), and 2013-2014 (n=3,034). Logistic
regression, unadjusted and adjusted for age, sex, race/ethnicity, income, energy intake, and
physical activity, was used to estimate the odds of obesity in LCS consumers vs. non-consumers,
overall, and across product categories (foods vs. beverages) and socio-demographic subgroups.

Results—Among adolescents, odds of obesity were 55% and 70% higher in LCS beverage
consumers compared to non-consumers, in unadjusted and adjusted models, respectively. Energy
intakes did not differ based on LCS consumption. In contrast, associations between LCS
consumption and obesity risk were not statistically significant among children (2-11 years old),
except in boys and those who self-identified as Hispanic.

Conclusions—LCS consumption is associated with increased odds of obesity among
adolescents. This relationship is strikingly independent of total energy intake. While findings
should be interpreted cautiously due to limitations of self-report dietary intake and the cross-
sectional nature of this analysis, our observational analysis supports the need to investigate
mechanisms by which LCS may influence body weight, independently of changes in energy
intake.
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Introduction

Methods

Data source

Low-calorie sweetener (LCS) consumption is increasingly prevalent among youth?.
Beverages are the predominant contributors to LCS intake in children, although LCS are
also found widely in foods, condiments, and sweetener packets’. While LCS offer a lower-
calorie alternative to added sugars, their role in weight management and metabolic health is
unclear?.

Epidemiologic studies report positive associations between LCS and body weight in children
and adults3. However, little is known about whether LCS consumption correlates with
energy intake, especially in youth. In adults, LCS consumers have higher discretionary
calorie intake®, purchase more snack foods, and consume more calories®, compared to sugar-
sweetened beverage (SSB) consumers. A recent analysis also reported that overweight and
obese adults who consume LCS beverages have higher calorie intake compared to similar
weight individuals who consume SSBS. Despite the growing body of epidemiologic
literature connecting LCS intake to higher body weight in adults’, causality cannot be
inferred from observational analyses, and the majority of randomized controlled trials in
adults demonstrate that LCS may be a useful tool for modest weight loss in the context of
intensive lifestyle interventions®-. Meanwhile, population-level relationships between LCS
consumption, energy intake, and obesity in youth have not been evaluated. We investigated
this relationship in youth, using data from three cycles (2009-2014) of the National Health
and Nutrition Examination Survey (NHANES).

NHANES is a continuous, cross-sectional study of the US population, with data released in
2-year cycles. NHANES sampling and data collection methods are described elsewherel’.
The current analyses used data collected from individuals aged 2 to 19 years, who
participated in NHANES 2009-2010, 2011-2012, and 2013-2014, providing a sample of
9,469 individuals. NHANES response rates were =75%, for the age-groups studied, in all
three survey cycles!0. Demographic and anthropometric were collected, categorized, and
analyzed as detailed previously. Consistent with prior analyses?, those with missing weight
(n=177) or implausible energy intake (n=31) were excluded, providing a final sample of
9,261. Participants with missing data for any characteristic were excluded only from the
subgroup comparison for which information was missing. Because assessment of physical
activity in NHANES (described below) differs for younger children (2-11 years) and
adolescents (12-19 years), all analyses were conducted separately for children (2-5 years,
6-11 years) and adolescents (12-19 years).

LCS Consumption

LCS use was also identified and categorized in accordance with our prior publications?11,
Briefly, food and beverage items containing LCSs reported during the 24-hour recalls were
identified using food descriptions provided in the Food and Nutrient Database for Dietary
Studies (FNDDS) version 5.021 and version 11-1222, in NHANES 2009-2010 and
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NHANES 2011-2014, respectively. Food codes containing the terms “diet,” “dietetic,”
“low-calorie,” “no sugar added”, “light”, “sugar-free”, “sugar substitute,” “low-calorie
sweetener,” or “no-calorie sweetener” were extracted. After confirming that food codes
extracted did indeed reflect the presence of LCS (e.g. a food such as light mayonnaise does
not contain LCS despite being labeled ‘light’) using publicly available ingredient
information, each code was then categorized as an LCS beverage, or LCS food. Any
participant who completed one (n= 1,299) or both (n=8,170) dietary recalls was included in
the analysis. Children who reported consuming =1 food or beverage containing LCSs during
at least one of their two dietary recalls were defined as LCS consumers.

Body mass index percentile was then calculated based on measured height and weight and
weight status subgroups (underweight, normal weight, overweight, or obese) were
determined using standard cut-offs. Obesity was defined as BMI at or above the sex-specific
95t percentile of BMI for age, based on the 2000 CDC growth charts213,

Physical Activity

Covariates

For children (2-11y), physical activity was assessed as number of days physically active at
least 60 min per week. This was assessed based on the question, ‘During the past 7 days, on
how many days was participant physically active for a total of at least 60 minutes per day?’
For adolescents (12-19), physical activity was assessed as MET-min of moderate and
vigorous activity per week, which was derived using NHANES recommended MET score.
This was assessed based on the question, ‘In a typical week, on how many days do you do
moderate or vigorous-intensity sports, fitness or recreational activities, and how much time
{do you/does SP} spend doing vigorous-intensity sports, fitness or recreational activities on
a typical day?

Covariates included the participant’s age (categorized as child or adolescent), sex,
socioeconomic status (coded as low, middle, or high, determined using tertiles of family
income to poverty ratio), and self-reported race-ethnicity (coded as non-Hispanic white,
non-Hispanic black, Hispanic, or other), energy intake, and physical activity.

Statistical Analysis

SAS 9.4 (SAS Institute, 2013) was used to account for the complex sampling design.
Sample weights were used to generate national-level estimates of consumption. Differences
in sociodemographic characteristics across weight categories were examined by F-test.
Logistic regression, unadjusted and adjusted for age, sex, race/ethnicity, income, energy
intake, and physical activity, was used to estimate the obesity odds in LCS consumers vs.
non-consumers. All p-values were 2-sided and p< 0.05 was considered statistically
significant. Values are presented as odds ratios (OR) with 95% confidence intervals (Cl) or
percentages, as appropriate.
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Sociodemographic characteristics by weight status and reported LCS consumption are
presented in Table 1 and Table 2, respectively. Odds ratios of obesity overall and by product
category are shown in Table 3. LCS packet use was not separately analyzed, due to low
prevalence of LCS packet use in youth.

Among adolescents, obesity odds were 55% and 70% higher in LCS beverage consumers
compared to non-consumers, in unadjusted and adjusted models, respectively. This pattern
was observed across sex and income strata. In contrast, LCS food consumption was not
associated with obesity odds and daily energy intakes did not differ based on LCS
consumption (Table 2). Associations between LCS consumption and obesity were not
consistently observed in children 2-11 years, except in males and Hispanics, before and
after adjustment. Energy intakes did not differ with LCS consumption in any subgroup
(Supplemental Table).

Discussion

LCS beverage consumption is associated with obesity in US adolescents, even after
adjustment for relevant covariates, including energy intake. This finding is also supported by
recent data in adults, where BMI was consistently higher with increasing diet beverage
consumption, despite similar reported daily energy intakes'4. While the observed
associations do not imply causation, these results underscore the need to investigate
mechanisms by which LCS may independently influence weight. LCS have been shown to
upregulate adipogenesis and inhibit lipolysis in vitro, and alter gut microbiota in rodents?.
Augmentation of insulin is reported in humans!® and is particularly relevant for adolescents,
given the physiological insulin resistance of puberty’.

The lack of an association observed between consumption of LCS foods and obesity risk
across sociodemographic subgroups is noteworthy. While likely explained by the low
prevalence of LCS foods among children and adolescents, it is also possible that LCS foods
are used differently in the diet compared to LCS beverages and thus may be associated with
different dietary patterns or lifestyle habits.

Lack of consistent associations in younger children is likely multifactorial. Since obesity is
much more prevalent in children above the age of 6 years compared to 2—5 year olds’8,
combining data from young and school-aged children may be misleading. In addition, if
LCS are determined to be causally related to the development of obesity, it may occur
gradually and will thus be observable only in older children. Also, LCS consumption is
much more common in adolescents and thus, greater exposure may be necessary to observe
an association®. Heightened susceptibility to LCS’s effects on insulin secretion (e.g. insulin
resistance of puberty) may also be necessaryl’.

Limitations of the current investigation include analysis of self-reported dietary recall data,
which is subject to systematic bias and susceptible to misreporting of energy intake,
specifically among individuals with obesity1%20, In addition, as the observational nature of
our study is not sufficient to establish causation, the observed effects may be in part

Obesity (Silver Spring). Author manuscript; available in PMC 2018 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sylvetsky et al.

Page 5

explained by reverse causality and residual confounding. Furthermore, it is not possible to
distinguish between different LCS using NHANES dietary data and potential
misclassification of consumers is possible with self-report dietary assessment.

Conclusion

Taken together, our observational findings emphasize the need to determine whether chronic
LCS ingestion is causally related to the development of obesity. It is also important to
consider race/ethnicity, gender, age, and other factors when evaluating potential effects of
LCS on body weight, as heterogeneity in associations was observed across socio-
demographic subgroups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?

. Low-calorie sweetener use has increased markedly in children and
adolescents over the past decade

. Low-calorie sweetener use is associated with obesity and metabolic disease in
adults.
. Low-calorie sweetener use is associated with higher energy intake in adults

but this has not been examined in children

What does your study add?

. Adolescents who consume beverages containing low-calorie sweeteners have
significantly higher odds of obesity, even when adjusted for total calorie
intake.

. Daily energy intakes do not differ with low-calorie sweetener consumption in

children or adolescents.

. Our findings support the need to elucidate the physiologic mechanisms
through which low-calorie sweetener may paradoxically increase body
weight, independently of changes in energy intake.
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