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Abstract

Background—~Reducing added sugars intake is one of the Healthy People 2020 objectives. High
added sugars intake may be associated with adverse health consequences.

Objective—This cross-sectional study identified sociodemographic and behavioral
characteristics associated with added sugars intake among US adults (18 years and older) using the
2010 National Health Interview Survey data (n=24,967).

Methods—The outcome variable was added sugars intake from foods and beverages using
scoring algorithms to convert dietary screener frequency responses on nine items to estimates of
individual dietary intake of added sugars in teaspoons per day. Added sugars intake was
categorized into tertiles (lowest, middle, highest) stratified by sex. The explanatory variables were
sociodemographic and behavioral characteristics. Multinomial logistic regression was used to
estimate the adjusted odds ratios for the highest and middle tertile added sugars intake groups as
compared with the lowest tertile group.

Results—Estimated median added sugars intake was 17.6 tsp/d for men and 11.7 tsp/d for
women. For men and women, those who had significantly greater odds for being in the highest
tertile of added sugars intake (men: >22.0 tsp/d; women: >14.6 tsp/d) were younger, less educated,
had lower income, were less physically active, were current smokers, and were former or current
infrequent/light drinkers, whereas non-Hispanic other/multiracial and those living in the West had
significantly lower odds for being in the highest tertile of added sugars intake. Different patterns
were found by sex. Non-Hispanic black men had lower odds for being in the highest tertile of
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added sugars intake, whereas non-Hispanic black women had greater odds for being in the highest
tertile.

Conclusions—One in three men consumed =22.0 tsp added sugars and one in three women
consumed =14.6 tsp added sugars daily. Higher added sugars intake was associated with various
sociodemographic and behavioral characteristics; this information can inform efforts to design
programs and policies specific to high-intake populations.

Keywords

Added sugars; Sugar-sweetened beverages; Sweet food; Sociodemographic characteristics;
Behaviors

The 2015-2020 dietary guidelines for americans defines added sugars as “syrups and other
caloric sweeteners used as a sweetener in other food products. Specific examples of added
sugars that can be listed as an ingredient include brown sugar, corn sweetener, corn syrup,
dextrose, fructose, glucose, high-fructose corn syrup, honey, invert sugar, lactose, malt
syrup, maltose, molasses, raw sugar, sucrose, trehalose, and turbinado sugar.”! Naturally
occurring sugars, such as fructose in fruits and lactose in milk and dairy products, are not
considered added sugars.! During food processing or preparation, added sugars are
incorporated into foods and beverages to improve palatability and to extend the shelf life of
products.t

The upper limits of calories from added sugars intake recommended by the American Heart
Association are <150 kcal/d (approximately 9 tsp) for most American men and <100 kcal/d
(approximately 6 tsp) for most American women.2 The 2015-2020 Dietary Guidelines for
Americans recommends that Americans should limit their consumption of added sugars and
that they consume <10% of total calories from added sugars per day.! In the 2005-2010
National Health and Nutrition Examination Surveys (NHANES), the mean percentage of
total calories from added sugars was 12.7% (335 kcal/d) for men and 13.2% (239 kcal/d) for
women.3 Non-Hispanic blacks and adults with lower incomes consumed a larger percentage
of total calories from added sugars compared with other adults in the population.3 In
addition, 67% of calories from added sugars came from foods and 33% came from
beverages among US adults.3 Many studies have shown that high consumption of added
sugars (eg, >10% of total daily calories from added sugars) is associated with adverse health
outcomes in adults, including obesity/weight gain,*® type 2 diabetes,® cardiovascular
disease,’*® and periodontal disease.®

Although a few studies have investigated the associations between added sugars and
sociodemographic characteristics among US adults, these studies did not examine behavioral
factors related to added sugars intake.319 Certain unhealthy nondietary behaviors might be
associated with unhealthy dietary behaviors.11:12 Identifying behavioral characteristics that
coexist with high added sugars intake is important because this information can be used to
inform intervention efforts to reach high-risk groups. The objective of this cross-sectional
analysis was to examine the relationship between sociodemographic and behavioral factors
and total added sugars intake for men and women using a nationally representative sample
of civilian noninstitutionalized US adults. In addition, the relative contributions of foods and
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beverages to total added sugars intake are described for subgroups defined by demographic
and behavioral variables.

METHODS

Study Sample and Survey Administration

Since 1957, the Centers for Disease Control and Prevention’s National Center for Health
Statistics has conducted annually the National Health Interview Survey (NHIS). The NHIS
uses a multistage sampling design to survey a representative sample of civilian
noninstitutionalized US households. This cross-sectional analysis used data from the 2010
NHIS.13 Information on health and other characteristics of individual family members
within the household was gathered using in-person interviews, and supplementary data were
obtained from one randomly selected child (“Sample Child”) or one randomly selected adult
(“Sample Adult”) from the household. The Sample Adult Module collected information on
sociodemographic characteristics, occupations, certain medical conditions, illness, health
status, functional limitations, health behaviors, and health care access and utilization. The
Cancer Control Supplement, funded by the National Cancer Institute (NCI) and Centers for
Disease Control and Prevention, collects additional behavioral information on sample adults
(aged 18 years and older) and is administered every 5 years. The 2010 Cancer Control
Supplement included a 26-item Dietary Screener Questionnaire, which was administered via
computer-assisted personal interviewing. Adults reported the number of times per day, per
week, or per month during the past month that they consumed selected foods and
beverages.1314 The 2010 NHIS was approved by the Research Ethics Review Board at the
National Center for Health Statistics. The advance letter that is sent to potential respondents
of NHIS before the interview is the consent statement. Each year, the Division of Health
Interview Statistics, which conducts the NHIS, requests and is granted a waiver of
documentation of signed informed consent for the NHIS.

Outcome Variables

Total calorie intake was not assessed in the NHIS and so the outcome variable was total
added sugars intake estimated from reported frequency of foods and beverages during the
past month by using NCI’s scoring algorithms. These algorithms convert dietary screener
frequency responses on nine items (ie, regular soda, coffee/tea drinks, sport and energy
drink, sweetened fruit drinks, chocolate/candy, doughnuts/sweet rolls/Danish/muffins/toaster
pastries, cookies/cake/pie/brownies, ice cream/frozen desserts, and hot/cold cereals) to
estimates of individual dietary intake of added sugars in teaspoons per day.1013.15 A
separate variable for sugar-sweetened beverages (SSB) was created from the four beverage
intake items. For the development of the scoring algorithms, NCI used 24-hour dietary recall
data from the 2003-2006 NHANES. More information on the scoring algorithms can be
found at the NCI website.1> Because estimated total added sugars intake was not normally
distributed, median intake values for total added sugars, added sugars from foods, and added
sugars from SSBs are presented. As a categorical variable, three groups were created based
on tertile distributions of total added sugars intake separately for men and women, because
previous studies suggested a dose—response of added sugars intake on health outcomes, such
as cardiovascular disease mortality” and poor oral health.®
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Explanatory Variables

The explanatory variables were sociodemographic and behavioral characteristics. Mutually
exclusive response categories for each explanatory variable were created. Sociodemographic
variables included age (18 to 24, 25 to 39, 40 to 59, or 60 years and older), race/ethnicity
(non-Hispanic white, non-Hispanic black, Hispanic, or non-Hispanic other/multiracial),
marital status (currently married/domestic partnership or not married), education (less than
high school graduate, high school graduate or recipient of a general education development
certificate, some college, or college graduate), annual family income (<$35,000, $35,000 to
$74,999, $75,000 to $99,999, or =$100,000), and census region (Northeast, Midwest, South,
and West).

Behavioral variables included reported participation in leisure-time physical activity for at
least 10 minutes (0, >0 to <3, 3 to 5, or >5 times/wk), smoking status (never smokers, former
smokers, or current smokers), and alcohol consumption (lifetime abstainer, former drinker,
current infrequent/light drinker, or current moderate/heavier drinker).16 Lifetime abstainers
were defined as <12 drinks in lifetime; former drinkers were defined as =12 drinks in
lifetime but none in past year; current infrequent/light drinkers were defined as =12 drinks in
lifetime and <3 drinks/wk in past year; and current moderate/heavier drinkers were defined
as =12 drinks in lifetime and >3 drinks/wk in past year. Using self-reported weight and
height data, weight status was categorized as underweight/normal weight (body mass index
[BMI; calculated as kg/m?] <25), overweight (BMI 25 to <30), or obese (BMI >30).17

Statistical Analysis

In the 2010 NHIS, 27,157 adults aged 18 years and older completed the Sample Adult
Module and the Cancer Control Supplement (response rate for the Sample Adult Module:
60.8%). Of these, a total of 2,190 (8%) were excluded from the study because of missing
data on any of the nine foods used to estimate added sugars intake (n=2,073) or having
extreme added sugars intake values (defined as >75th percentile value+2 times the
interquartile range using the cube-root transformed variable) (n=117).19 Adults with missing
responses on covariates were excluded from analyses when that variable was used in the
analysis. The final analytic sample consisted of 24,967 adults (10,962 men and 14,005
women). When comparing the analytic sample and the sample of respondents who were
excluded, there were no differences in age. However, the analytic sample contained a
slightly higher proportion of females and non-Hispanic whites (XZ test, A<0.05) than the
excluded sample.

All analyses were stratified by sex. Xz tests were used to examine the bivariate associations
of sociodemographic and behavioral characteristics with total added sugars intake and
F<0.05 to evaluate statistical significance. Multinomial logistic regression analysis was used
to calculate adjusted odds ratio (aOR) and 95% CI for variables associated with the highest
and middle tertiles of added sugars intake groups as compared with the lowest tertile of
added sugars intake group. The multinomial logistic regression models included all
explanatory variables in one model. Added sugars intake from foods was calculated by
subtracting added sugars from SSB from total added sugars. SAS software (version 9.3,
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2011, SAS Institute Inc) was used to perform all statistical analyses and account for the
complex sampling design.

RESULTS

The study population distributions by sociodemographic and behavioral characteristics are
shown in Table 1. Overall, 56% were women, 38% were aged 18 to 39 years, and 68% were
non-Hispanic whites. The majority of men and women were in a married/domestic
partnership, and about 60% of men and women had at least some college education. Based
on x tests, all sociodemographic and behavioral characteristics analyzed were significantly
associated with the tertile distribution of estimated added sugars intake for both men and
women (£<0.01, Table 1).

For both men and women, those who had significantly greater odds for being in the highest
tertile of added sugars intake (men: 222.0 tsp/d; women: =14.6 tsp/d) were younger (aOR
range=2.52 to 18.52 for 18 to 59 years vs 60 years and older), less educated (aOR
range=1.36 to 2.06 for less than high school, high school, or some college vs college
graduate or beyond), had lower family income (aOR range=1.22 to 1.33; $35,000 to $74,999
for men and <$75,000 for women vs =$100,000), reported no physical activity (aOR=1.22
for men, aOR=1.64 for women vs >5 times/wk), were current smokers (aOR=1.96 for men,
aOR=2.29 for women vs nonsmokers), and were former or current infrequent/light drinkers
(aOR range=1.24 to 1.61 vs lifetime abstainers) (Table 2).

For both men and women, lower odds for being in the highest tertile of added sugars intake
was significantly associated with being non-Hispanic other/multiracial (aOR=0.55 for men
and aOR=0.78 for women vs non-Hispanic white) and living in the West (aOR=0.66 for men
and aOR=0.64 for women vs South). For men, lower odds for being in the highest tertile of
added sugars intake (=22.0 tsp/d) was also associated with being non-Hispanic black
(aOR=0.80 vs non-Hispanic white) and obese (aOR=0.76, BMI =30 vs BMI <25). For
women, being non-Hispanic black (aOR=1.22 vs non-Hispanic white) had significantly
greater odds for being in the highest tertile of added sugars intake (=14.6 tsp/d), but those
living in the Midwest (aOR=0.77 vs South) had lower odds for being in the highest tertile of
added sugars intake. For both men and women, the odds for being in the highest tertile of
added sugars intake did not differ between Hispanics and non-Hispanic whites and between
current moderate/heavy drinkers and lifetime abstainers of alcohol (Table 2). When only
sociodemographic variables were included in the multinomial logistic regression model
without behavioral variables, the findings remained the same for both men and women (data
not shown). Although findings for the middle tertile of added sugars intake (tertile 2) were
somewhat similar to those findings for the highest tertile of added sugars (tertile 3), the
magnitude of association was attenuated for tertile 2 (Table 2).

For descriptive statistics, the contribution of foods and SSBs to added sugars for men and
women, as well as by age and race/ethnicity, are shown in Figure 1. Estimated median intake
of added sugars was 17.6 tsp/d for men (Figure 1A) and 11.7 tsp/d for women (Figure 1B).
For men, the overall median intake of added sugars from foods was similar to that for SSBs
(7.9 and 7.7 tsp/d, respectively). However, the relative contributions of added sugars from
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foods and SSBs to total added sugars varied by the age and race/ethnicity of the men. For
example, the median intake of added sugars from SSBs was higher than those from foods
among younger men and Hispanic men. For women, overall median intake of added sugars
from foods was higher than that for SSBs (6.5 and 3.8 tsp/d, respectively), and the same
pattern was observed in older women and in non-Hispanic white and non-Hispanic other/
multiracial women. For descriptive statistics, the contributions of foods and SSBs to total
added sugars by behavioral characteristics are shown in Figure 2. This relative contribution
varied by smoking status for men (Figure 2A) and women (Figure 2B); median intake of
added sugars from SSBs was higher than those from foods among current smokers in both
men and women. Patterns seen across subgroups defined by physical activity and alcohol
consumption were similar.

DISCUSSION

The NHIS offers a valuable resource for examining associations among a wide array of both
demographic and behavioral variables of interest in public health policy and practice.
Although NHIS lacks the 24-hour recall data collected in NHANES, the NHIS has particular
advantages. It surveys a larger sample than NHANES and allows us to stratify by sex and
still consider a wide range of sociodemographic and behavioral variables. The current study
focused on the particular dietary factor of added sugars, a variable that has been related to a
variety of conditions and diseases. In this analysis of NHIS data, 1 in 3 men consumed at
least 22.0 tsp (358 kcal) of added sugars and 1 in 3 women consumed at least 14.6 tsp (237
kcal) of added sugars daily, based on the tertile distribution cutoffs. In addition, high
consumption of added sugars was associated with a number of sociodemographic and
behavioral characteristics among US men and women.

In the 2010 NHIS, added sugars was assessed by nine questions on a screener rather than by
a more accurate and thorough diet assessment tool, such as the 24-hour recall.1®> Despite
this, for adults, the screener estimates of median added sugars intake in the 2010 NHIS were
comparable to 24-hour recall estimates in the 2007-2010 NHANES: 17.6 tsp/d vs 17.1 tsp/d
among men and 11.7 tsp/d vs 12.7 tsp/d among women.1® In addition, the present study
found that relationships between added sugars and demographic variables in the NHIS
mirrored results from NHANES: added sugars intake was higher among younger, less
educated, and adults with lower incomes than their counterparts.3:10:18 Consistent with
earlier analyses by Park and colleagues,1® the South was the region with the highest intakes.
Although there is limited information on the regional variation of total added sugars intake
among the US adult population, previous studies reported that SSB intake varied by states
and geographical regions.1219-22 potential reasons for this geographical variation may be
differences in the food environment, such as the availability/access of foods and beverages,
advertising, culture, and regulations.23-26

These analyses add to existing knowledge by examining important behavioral variables
associated with added sugars consumption controlling for demographics. For example, the
present study found that physically inactive men and women had 22% and 64%,
respectively, higher odds for being in the highest tertile of added sugars intake compared to
men and women who were physically active. Consistent with findings in the present study, a
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previous study? reported that daily SSB intake was associated with physical inactivity

among US adults. The inverse association of physical activity with higher added sugars
intake is also consistent with studies that have found that physically inactive adults have
poorer diet quality in other dimensions than physically active adults.2”-28

Regardless of sociodemographic factors, smokers consumed the highest amounts of added
sugars in the present study. This is consistent with other studies that have found smokers
have other less healthy dietary’-1112 and health behaviors.1! The clustering may reflect
overall attitudes about health and engaging in healthy behaviors. The finding might also
reflect differences in taste perception caused by smoking. Previous studies showed that
smokers had decreased sensitivity (or increased thresholds) to sucrose,29-30 indicating
smokers might be less likely to perceive a food as sweet and thus eat more. In addition, some
research indicates that addictions and addictive-like behaviors can be shared across domains,
for example, smoking and food, in this case, added sugars.31-33

In the present analyses, added sugars consumption varied by the pattern of alcohol
consumption; added sugars intake was higher among former alcohol drinkers or current
infrequent/light alcohol drinkers than lifetime abstainers of alcohol, but there was no
difference in added sugars intake between current moderate/heavy drinker and lifetime
abstainers of alcohol after controlling for other factors. A previous study reported that
alcohol drinkers had lower odds of consuming SSB at least once per day than non—alcohol
drinkers among US adults.12 The reason for this finding in the present study is not clear.
Unlike the findings from research on smokers, evidence that those who drink alcohol have a
differential preference for sweets is inconsistent.34-3¢ Potentially, those who drink lightly
are more likely to mix their alcohol with SSBs. Research that tests this and other hypotheses
could improve the design of interventions to address excessive added sugars intake.

In addition, the present study found that obese men had 24% lower odds for consuming
>22.0 tsp/d of total added sugars than underweight/normal-weight men, and weight status
was not associated with added sugars intake among women after controlling for other
factors. It is possible that obese men might decrease their added sugars intake as a strategy
for weight control.

While the present study analyzed data from a large, nationally representative sample of US
adults and included various behavioral characteristics, there are at least two limitations.
First, the outcome variable (ie, total added sugars) was estimated from questions about usual
intake of nine items on a screener rather than from a less-biased instrument that collects
complete information on daily food and beverage intake, such as a 24-hour recall.1>
However, the fact that the relationships found among important demographic variables are
consistent with the findings based on NHANES data using 24-hour recall is reassuring.
Second, food environmental variables (eg, access to supermarkets and food outlets) were not
included in the study because the 2010 NHIS did not collect such information.
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CONCLUSIONS

Based on the tertile distribution cutoff points, 1 in 3 men consumed at least 22.0 tsp of added
sugars and 1 in 3 women consumed at least 14.6 tsp of added sugars daily. Findings in the
present study showed that higher added sugars intake was associated independently with
various sociodemographic and behavioral characteristics, such as younger age, lower
education, lower income, physical inactivity, current smoking status, and alcohol intake.
This information may inform intervention efforts by characterizing high-intake populations
and aiding efforts to reduce their added sugars intake.
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Estimated median intake of total added sugars from the dietary screener and the contribution
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smoking status, and alcohol intake—National Health Interview Survey, 2010.
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