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Added sugars in the diet are positively associated with diastolic blood
pressure and triglycerides in children1–3

Kenneth P Kell, Michelle I Cardel, Michelle M Bohan Brown, and José R Fernández

ABSTRACT
Background: Hypertension and dyslipidemia have traditionally
been associated with dietary sodium and fat intakes, respectively;
however, they have recently been associated with the consumption
of added sugars in adults and older adolescents, but there is no clear
indication of how early in the life span this association manifests.
Objective: This study explored the cross-sectional association be-
tween added sugar (sugars not naturally occurring in foods) con-
sumption in children, blood pressure (BP), and fasting blood lipids
[triglycerides and total, low-density lipoprotein, and high-density
lipoprotein (HDL) cholesterol].
Design: BP, blood lipids, and dietary intakes were obtained in a multi-
ethnic pediatric sample aged 7–12 y of 122 European American (EA),
106 African American (AA), 84 Hispanic American (HA), and 8 mixed-
race children participating in the Admixture Mapping of Ethnic and
Racial Insulin Complex Outcomes (AMERICO) study—a cross-sectional
study conducted in the Birmingham, AL, metro area investigating the
effects of racial-ethnic differences on metabolic and health outcomes.
Multiple regression analyses were performed to evaluate the relations
of added sugars and sodium intakes with BP and of added sugars and
dietary fat intakes with blood lipids. Models were controlled for sex, race-
ethnicity, socioeconomic status, Tanner pubertal status, percentage body
fat, physical activity, and total energy intake.
Results: Added sugars were positively associated with diastolic
BP (P = 0.0462, b = 0.0206) and serum triglycerides (P = 0.0206,
b = 0.1090). Sodium was not significantly associated with either
measure of BP nor was dietary fat with blood lipids. HA children
had higher triglycerides but lower added sugar consumption than did
either the AA or EA children. The AA participants had higher BP and
HDL but lower triglycerides than did either the EA or HA children.
Conclusions: These data suggest that increased consumption of
added sugars may be associated with adverse cardiovascular health
factors in children, specifically elevated diastolic BP and triglycer-
ides. Identification of dietary factors influencing cardiovascular
health during childhood could serve as a tool to reduce cardiovas-
cular disease risk. This trial was registered at clinicaltrials.gov as
NCT00726778. Am J Clin Nutr 2014;100:46–52.

INTRODUCTION

Cardiovascular disease (CVD)4 is the number one cause of
death in adults in the United States (1) and costs an estimated
$445 billion/y (2). Although the incidence of CVD primarily
occurs in adulthood, CVD precursors such as atherosclerotic
lesions have been shown to begin as early as childhood (3).
Among the major risk factors for CVD are hypertension and

dyslipidemia (4), both of which have become prevalent in
children in the United States (5, 6). Hypertension during
childhood is correlated with hypertension in adulthood (7), and
elevated blood pressure (BP) in children and young adults fur-
ther exacerbates the development of atherosclerotic plaques (8).
Likewise, dyslipidemia during childhood is associated with
dyslipidemia in adulthood and an increased risk of CVD (9–11).

Because of the early nature of the development of CVD, it is
imperative to identify effective lifestyle interventions for the
prevention and treatment of hypertension and dyslipidemia. Di-
etary interventions for BP reduction have traditionally included the
decreased intake of sodium, and interventions for dyslipidemia
have included the decreased intake of dietary fats, with emphasis
on cholesterol, saturated fat, and trans fat (12, 13). More recently,
however, added sugars in the diet (ie, sugars not naturally oc-
curring in foods) have been associated with these conditions. The
main sources of added sugars in the diets of US children and
adolescents are sugar-sweetened beverages (SSBs), grain desserts,
dairy desserts, cold cereal, and candy (14). Studies have shown
positive associations between SSB and BP in both adults and
older adolescents (15–17); furthermore, the reduction of SSB
consumption has been associated with lower diastolic and systolic
BP in adults (18). Components of dyslipidemia have also been
associated with SSBs and added sugars in the diet in adolescents
(19, 20) and with SSB alone in children (21).

Although the relations between some added sugars, hyper-
tension, and dyslipidemia have been explored in various age
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groups, it is not clear whether, when examining added sugars
from all sources, these relations are present in children. There-
fore, we investigated the relation between added sugars, BP
(diastolic and systolic), and blood lipids (total cholesterol, tri-
glycerides, LDL cholesterol, and HDL cholesterol) in children
between the ages of 7 and 12 while controlling for potentially
confounding lifestyle and societal factors. We hypothesized that
the consumption of added sugars in children would be positively
associated with BP, total cholesterol, and triglycerides.

SUBJECTS AND METHODS

Population and data collection

Data were collected from October 2004 to December 2008 as
part of the AMERICO study—a cross-sectional study investigating
the effects of racial-ethnic differences on metabolic and health
outcomes (Figure 1). The final sample included 320 children aged

7–12 y who were self-identified as European American (EA; n =
122), African American (AA; n = 106), Hispanic American (HA;
n = 84), and mixed-race ethnicity (n = 8). The children who were
peripubertal [pubertal stage #3 as assessed by a pediatrician ac-
cording to the criteria of Marshall and Tanner (22, 23)] and not
taking any medications contraindicated for study participation (eg,
medication known to affect body composition, metabolism, or car-
diac function) were eligible for participation in the study. Partici-
pants were recruited from the Birmingham, AL, area via newspaper
advertisements, community fliers, and presentations at schools,
churches, and health fairs. A total of 601 children were telephone
screened; 131 were either self-selected out or were excluded because
they did not meet the study criteria. From this stage, 470 participants
came in for the study visit, but only 320 fulfilled the study criteria
and completed the study. The study was approved by the University
of Alabama at Birmingham (UAB) Institutional Review Board for
Human Use (children and parents provided informed assent and
consent, respectively, before participation).

FIGURE 1. Recruitment and final sample size flowchart for the AMERICO study. Reasons for participants not being included between recruitment/study
stages are given to the right of the arrows denoting the transitions between stages. Final sample sizes for all variables of interest in the study are provided at the
bottom of the figure. AMERICO, Admixture Mapping of Ethnic and Racial Insulin Complex Outcomes; ID, identification.
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Data collection occurred across 2 study visits: the first was
outpatient and the second took place at the UAB General Clinical
Research Center (GCRC). Dual-energy X-ray absorptiometry
(DXA) scans and the assessment of pubertal status were conducted
at the first visit, and the children were given an accelerometer to
wear to measure physical activity (collected at the second visit).
The second visit occurred w7 d later and included an overnight
stay at the UAB GCRC; all participants received the same meal
and snacks, and only receiving water after 2000 until after the
morning blood and BP tests. The 24-h dietary recalls were con-
ducted during both visits. The detailed variable information below
parallels the order found in Table 1 (descriptive statistics).

Socioeconomic status

Socioeconomic status (SES) was calculated via the Hol-
lingshead 4-factor index of social status (24), which includes
educational level, occupational prestige, marital status, and sex.
Educational level was on a 7-point scale (1 = less than seventh
grade completed; 7 = graduate degree) and was weighted by
a factor of 3; occupational prestige was on a 9-point scale (1 =
farm laborers/menial service workers; 9 = higher executives,
proprietors of large businesses, and major professionals) and was
weighted by a factor of 5. Overall scores ranged from 8 to 66 and
were determined for the participant’s working parents(s); higher
scores indicate higher SES.

Pubertal status

Pubertal status was determined via physician assessment by
using the Marshall and Tanner pubertal status evaluation criteria
(22, 23). The 5 stages of pubertal status are based on pubic hair
development in both sexes, breast development in females, and

genital development in males. The higher value of the 2 de-
velopmental criteria is used to assign the Tanner stage. In this
study, only children of Tanner stages 1–3 were used.

Percentage body fat

Body composition was assessed via DXA by using a GE Lunar
Prodigy densitometer (GE Lunar Radiation Corp) with pediatric
software (version 1.5e). DXA scans were conducted while the
participants were wearing light clothing and lying flat on their
back with arms at their sides. Total calculated fat mass from the
scan was divided by total body weight to determine percentage
body fat.

Physical activity

Participants were given a uniaxial ActiGraph accelerometer
(GT1M, standard model 198–0100-02; ActiGraph LLC) towear to
capture physical activity levels and patterns (7 d of data were
used). Actigraph monitors have previously shown high inter-
instrument reliability and the ability to distinguish between
varying levels of physical activity in children (25). Epoch length
was configured at 1 min, and the data are expressed as counts/min.
Data were characterized as average time (min/wk) spent on
moderate, hard, and very hard activities.

Dietary recalls

Two 24-h dietary recalls were administered and analyzed by
a registered dietitian using the triple-pass method (26). A parent
or guardian was present for, and assisted with, each recall; visual
aids were used to help in portion size estimation, and all 24-h
dietary recalls were conducted on weekdays. Data were entered
by a registered dietitian into the Nutrition Data System for

TABLE 1

Descriptive statistics of the AMERICO study population: overall, by sex, and by race-ethnicity1

Total

(n = 320)

Male

(n = 170)

Female

(n = 150)

EA

(n = 122)

AA

(n = 106)

HA

(n = 84)

MR

(n = 8)

Age 9.5 6 0.1 9.7 6 0.1a 9.3 6 0.1b 9.7 6 0.2 9.6 6 0.1 9.4 6 0.2 9.1 6 0.7

Socioeconomic status2 38.7 6 0.8 38.7 6 1.1 38.8 6 1.3 49.4 6 0.9a 37.0 6 1.1b 25.4 6 1.3c 39.4 6 7.3a,b

Tanner stage3 1.5 6 0.0 1.4 6 0.1b 1.6 6 0.1a 1.4 6 0.1b 1.7 6 0.1a 1.4 6 0.1b 1.3 6 0.2a,b

Percentage body fat (%) 23.4 6 0.5 21.0 6 0.8b 26.1 6 0.7a 22.5 6 0.8b 20.4 6 1.0b 28.5 6 0.9a 21.6 6 2.7a,b

Physical activity4 2012.3 6 22.5 2015.0 6 32.1 2009.3 6 31.4 2016.5 6 32.7 2036.0 6 45.0 1965.1 6 43.3 2201.6 6 113.9

Total energy intake (kcal/d) 1894.0 6 26.4 1950.5 6 37.4a 1831.1 6 36.7b 1877.3 6 38.5 1889.6 6 50.7 1906.0 6 52.4 2080.3 6 156.4

Added sugars (g/d) 76.9 6 2.4 79.4 6 3.2 74.2 6 3.7 82.9 6 3.6a 84.0 6 4.8a 59.5 6 4.0b 77.4 6 15.2a.b

Dietary sodium (mg/d) 3207.3 6 59.0 3299.7 6 80.8a 3104.3 6 85.7b 3050.1 6 80.3 3279.8 6 116.7 3339.6 6 118.8 3258.9 6 292.4

Dietary fat (g/d) 74.4 6 1.4 75.6 6 2.0 73.2 6 1.9 71.3 6 1.9 78.2 6 2.7 73.1 6 2.6 86.5 6 10.1

Diastolic blood pressure

(mm Hg)

60.1 6 0.4 60.9 6 0.5a 59.2 6 0.6b 59.0 6 0.6b 62.4 6 0.7a 58.6 6 0.6b 62.3 6 2.4a,b

Systolic blood pressure

(mm Hg)

103.3 6 0.6 104.0 6 0.8 102.6 6 0.9 102.4 6 1.0a,b 105.8 6 1.1a 101.2 6 1.0b 108.2 6 3a,b

Total cholesterol (mg/dL) 154.0 6 1.6 155.0 6 2.2 152.8 6 2.4 153.2 6 2.3 153.8 6 2.8 154.6 6 3.6 164 6 10.6

Triglycerides (mg/dL) 66.7 6 2.1 63.1 6 2.5b 70.8 6 3.4a 66.1 6 2.9b 54.3 6 2.7b 83.4 6 5.3a 68.2 6 19.3a,b

LDL (mg/dL) 90.2 6 1.5 90.4 6 2.1 89.9 6 2.3 91.6 6 2.2 87.6 6 2.8 91.9 6 3.4 83.9 6 6.1

HDL (mg/dL) 50.3 6 0.7 52.0 6 1.0a 48.3 6 1.0b 48.4 6 1.0b 55.5 6 1.4a 46.1 6 1.4b 55.2 6 6.7a,b

1All values are means 6 SEs. Means with different superscript letters are significantly different, P , 0.05 (Tukey’s post hoc test). AA, African

American; AMERICO, Admixture Mapping of Ethnic and Racial Insulin Complex Outcomes; EA, European American; HA, Hispanic American; MR, mixed

race.
2Assessed via the Hollingshead 4-factor index; potential scores ranged from 8 to 66.
3 Pubertal stages of 1 to 3 as assessed by a pediatrician according to the criteria of Marshall and Tanner.
4 Physical activity includes total minutes per week of light, moderate, and vigorous activities.
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Research (software version 2006; Nutrition Coordinating Center,
University of Minnesota, Minneapolis, MN). Output from the
same participant’s dietary recalls were averaged, and the vari-
ables of interest included the following: total calories (kcal/d),
total fat (g/d), saturated fat (g/d), dietary cholesterol (mg/d),
dietary sodium (mg/d), and added sugars (g/d). Added sugars
were defined as those not naturally occurring in foods, but were
added as a result of processing or preparation and did not in-
clude 100% fruit juices. The Nutrition Data System for Research
software derived added sugars in the diet by using data from
sources such as the USDA (eg, provisional tables and agricul-
tural handbooks), scientific literature, manufacturers, calcula-
tions from recipes, and calculations from ingredient lists or
similar food products (27).

Blood pressure

During the overnight visit at the UAB GCRC, trained nurses
took 2 BPmeasurements at 1800 and 2 more the next day at 0700.
An automated pediatric BP cuff (Dinamap Pro 200; GE Medical
Systems) was used for this purpose, and appropriate child-sized
cuffs were used based on participant arm size. Participants were
seated at rest, with feet flat on the floor, for $10 min before
measurements were taken, and the first and second measure-
ments were separated by a 5-min seated rest. Evening and
morning measurements were not significantly different. The
systolic and diastolic BP measurements were averaged from
a total of 4 measurements of each.

Blood lipids and lipoproteins

Fasting blood samples were collected at 0700 after the par-
ticipants’ overnight stay at the UAB GCRC. Concentrations of
all serum-derived analytes were measured at the UAB in the
Metabolism Core Laboratory that services the GCRC and Nu-
trition Obesity Research Center. Lipids (total cholesterol, HDL
cholesterol, and triglycerides) were measured by using a Stanbio
SIRRUS analyzer. LDL cholesterol was calculated by using the
method of Friedewald (28).

Statistical analysis

Multiple variable linear regression analyses were performed,
with control for covariates, to evaluate the main associations of
interest. The independent variables in our analyses were total
dietary added sugar intake (g/d), total dietary sodium intake
(mg/d), total dietary fat intake (g/d), total dietary saturated fat
intake (g/d), and total dietary cholesterol intake (mg/d). De-
pendent variables included average diastolic BP (mm Hg),
average systolic BP (mm Hg), total cholesterol (mg/dL), tri-
glycerides (mg/dL), LDL cholesterol (mg/dL), and HDL cho-
lesterol (mg/dL). Covariates included sex, race-ethnicity, SES,
Tanner pubertal status, percentage body fat, physical activity
(min/wk), and total energy intake (kcal/d). All variables were
continuous in nature, other than sex and race-ethnicity. Race-
ethnicity was entered as a dummy-coded variable because it is
nominal in nature; EA participants were used as the reference
group because they are the largest group and have the least
variance for the greatest number of variables of interest.

The associations between added sugars and BP (diastolic and
systolic run independently) and between added sugars and blood

lipids (total cholesterol, triglycerides, HDL cholesterol, and LDL
cholesterol run independently) were tested by using multiple-
variable linear regression analyses. Identical models were also
run between dietary sodium and BP and also between total dietary
fat and blood lipids to evaluate their potentially confounding
effects on associations between added sugars and CVD risk
factors. Only those participants with values for all variables in the
models were included in the analyses.

Descriptive statistics were analyzed by race-ethnicity and then
by sex by using ANOVAwith Tukey’s post hoc test. Participants
with missing data were not included in the analyses. To comply
with assumptions of regression, all models were evaluated for
normality of residuals before any potential statistical trans-
formations of the dependent variable. In all regression models,
residuals exceeding 3 SDs were removed; consequently, no
statistical transformations of dependent variables were necessary.
All statistical analyses were performed in SAS version 9.3 (SAS
Institute Inc).

RESULTS

Baseline characteristics of study participants are given in Table 1
for the overall sample and by sex and race-ethnicity. No sta-
tistically significant differences were observed between the sexes
in terms of SES, physical activity, added sugars, dietary fat, or
systolic BP, and no significant differences were observed among
race-ethnicity in terms of physical activity, total energy intake,
total cholesterol, or LDL cholesterol. Relative to males, females
had a higher Tanner stage, percentage body fat, and triglycerides
but had lower total energy intake, dietary sodium, average di-
astolic BP, and HDL cholesterol. HA participants had higher
percentage body fat and triglycerides but lower SES and added
sugar consumption than did the AA or EA children. AA par-
ticipants had a higher Tanner stage, average diastolic and systolic
BPs, and HDL cholesterol but lower triglycerides than did either
the EA or HA children.

A significant positive relation was observed between added
sugars and diastolic BP (P = 0.0462), as described in Table 2,
with a significant contribution of sex in the model (P = 0.0259).
Sodium was not significantly associated with diastolic BP;
however, both sex (P = 0.0301) and total energy intake (P =
0.0436) contributed significantly to the model. No significant
relations were observed between systolic BP and either added
sugars or sodium. When the relation between added sugars and
systolic blood pressure was modeled, the following covariates

TABLE 2

Regression analyses of diastolic and systolic blood pressures compared

with added sugars and dietary sodium, run separately1

Diastolic blood pressure Systolic blood pressure

b Coefficient P value b Coefficient P value

Added sugars (g/d) 0.0206 0.0462 0.0126 0.4827

Dietary sodium (mg/d) 20.0009 0.0645 20.0001 0.8745

1Models were linear regressions with statistically significant associations

at P , 0.05. All analyses were controlled for the following covariates: sex,

race-ethnicity (dummy coded), socioeconomic status, Tanner pubertal status,

percentage body fat, total physical activity, and total energy intake. In the

above models, the sample size for which all variables were available was 220.
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contributed significantly to the model: sex (P = 0.0233), Tanner
stage (P = 0.0127), and percentage body fat (P = 0.0107). When
the relation between sodium and systolic blood pressure was
modeled, the following covariates contributed significantly to
the model: sex (P = 0.0246), Tanner stage (P = 0.0092), and
percentage body fat (P = 0.0101). In all models of blood pres-
sure, female sex was associated with lower values. When they
contributed significantly to models of blood pressure, Tanner
stage, percentage body fat, and total energy intake were asso-
ciated with higher values.

Added sugars were positively associated with triglycerides (P =
0.0206), but no other blood lipids, as can be seen in Table 3.
Tanner stage contributed significantly in the following models:
total cholesterol (P = 0.0254), triglycerides (P = 0.0020), and
HDL cholesterol (P = 0.0038). Percentage body fat contributed
significantly in the following models: total cholesterol (P =
0.0009), triglycerides (P = 0.0104), LDL cholesterol (P ,
0.0001), and HDL cholesterol (P , 0.0001).

Total dietary fat was not significantly associated with any of
the blood lipids investigated, as can be seen in Table 3. Tanner
stage contributed significantly in the following models: total
cholesterol (P = 0.0397), triglycerides (P = 0.0083), and HDL
cholesterol (P = 0.0040). Percentage body fat contributed sig-
nificantly in the following models: total cholesterol (P =
0.0009), triglycerides (P = 0.0129), LDL cholesterol (P ,
0.0001), and HDL cholesterol (P , 0.0001). When it contrib-
uted significantly to models of blood lipids, Tanner stage was
associated with higher values of triglycerides but lower values of
total cholesterol and HDL cholesterol. When it contributed
significantly to models of blood lipids, percentage body fat was
associated with higher values of total cholesterol, triglycerides,
and LDL cholesterol but with lower values of HDL cholesterol.
Results from the aforementioned regression analyses are alter-
natively presented with 95% CIs elsewhere (see Supplemental
Tables 1 and 2 under “Supplemental data” in the online issue).

DISCUSSION

This study evaluated the cross-sectional associations between
added sugars in the diet, as reported via guardian-supervised
children’s 24-h dietary recalls, and CVD risk factors—specifically
blood pressure and blood lipids. Whereas previous studies have
shown positive cross-sectional associations between added
sugars in the diet and elevated BP in adolescents and adults
(15–17), and also between added sugars and triglycerides in ad-
olescents (29), our study evaluated this relation in children
(Marshall and Tanner pubertal status #3).

In our study population, a positive statistically significant
association was observed between added sugars and diastolic BP,
but not systolic BP. This dichotomy is particularly noteworthy
because of the young age of our population, given that isolated
diastolic hypertension is much more common in younger than in
older adults (30). The relation between added sugars and diastolic
BP suggested a modest increase of 0.0206 mm Hg per gram of
added sugars. The average daily consumption of added sugars for
our participants was 308 kcal (76.9 g), for boys in the United
States is 362 kcal (90.5 g), and for girls in the United States is
282 kcal (70.5 g) (31)—well above the range of 12 to 32 g recom-
mended by the American Heart Association for the age range of
our study population (32). (Range derivations for added sugars
are available under “Supplemental data” in the online issue.)
This level of added sugar consumption by US children may parlay
into an increase of 1.8643 mm Hg in boys and of 1.4523 mm Hg
in girls, which may be clinically relevant given that a sus-
tained increase of only 5–6 mm Hg in diastolic BP in older
adults over a few years may increase the risk of stroke by
67% (33).

A dietary factor traditionally thought to increase BP, dietary
sodium (34), did not have a statistically significant association
with either measure of BP in our sample. We hypothesized that
the lack of association in our population between dietary sodium
and BP may have been attributable to the age of our population
and the possibility that their vascular tone and renal function have
not yet been impaired. In terms of blood lipids, although added
sugars were associated with triglycerides in our study, dietary fat
did not show this association. When further examined, neither
dietary cholesterol nor saturated fats were significantly associ-
ated with triglycerides (data not shown).

Data from the Framingham study show that patients with
elevated BP also have other metabolic conditions, such as high
cholesterol and triglycerides, lower HDL cholesterol, obesity,
and insulin resistance (30). Other studies have suggested that
hypertriglyceridemia and hypertension tend to coexist in adult
individuals (35). These observations suggest that metabolic
diseases could respond to a common etiology rooted in genetic
and environmental factors that alter the normal functionality of
the body. Our data support that the consumption of added sugars
might represent a modifiable risk factor that deserves further
exploration in the identification of preventive strategies for such
complex diseases, particularly among the pediatric population.

Understanding how risk factors affect disease progression is
critical in the development of effective interventions and treat-
ments. Added sugars in the diet may affect BP by acting on the
kidneys to increase blood concentrations of uric acid, which

TABLE 3

Regression analyses of blood lipids and lipoproteins compared with added sugars and dietary fat, run separately1

Total cholesterol Triglycerides LDL cholesterol HDL cholesterol

b Coefficient P value b Coefficient P value b Coefficient P value b Coefficient P value

Added sugars (g/d) 0.0276 0.5995 0.1090 0.0206 0.0318 0.5259 20.0127 0.5516

Dietary fat (g/d) 0.1087 0.4480 20.1351 0.2740 0.0769 0.5735 0.0496 0.3947

1Models were linear regressions with statistically significant associations at P, 0.05. All analyses were controlled for

the following covariates: sex, race-ethnicity (dummy coded), socioeconomic status, Tanner pubertal status, percentage body

fat, total physical activity, and total energy intake. In the above models, the sample size for which all variables were

available was 210.
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could, in turn, reduce the production and/or availability of nitric
oxide, a powerful vasodilator, and thereby raise BP (36). In fact,
an increased OR of elevated BP has been seen in those ado-
lescents with higher serum uric acid concentrations (37). Al-
ternatively, the mechanism by which added sugars may raise BP
could involve the renin-angiotensin pathway, as has been ob-
served in rat studies (38, 39), or the interplay between this
pathway and nitric oxide production (39). Elevation of tri-
glycerides from added sugars, on the other hand, may have a less
convoluted etiology. A likely mechanism by which added sugars
may increase triglyceride concentrations is through stimulation
of hepatic de novo lipogenesis (DNL) (40, 41). Although glucose
alone does not appear to significantly increase DNL (42),
fructose has been shown to significantly increase DNL within
hours (43, 44). (Both glucose and fructose are found in com-
monly used added sugars such as cane sugar and high-fructose
corn syrup.)

The strengths of our study include the use of a diverse cohort in
terms of race-ethnicity and the ability to more accurately isolate
the association between dietary sugars, BP, and blood lipids by
controlling for lifestyle (physical activity and dietary intakes) and
SES, race-ethnicity, sex, Tanner stage, and percentage body fat.
In addition to the inclusion of these covariates, robust measures of
body composition and physical activity were used. For instance,
percentage body fat was calculated from body-composition
variables and weight obtained via DXA technology instead of
estimated by using BMI, because BMI has been shown to be
inconsistent in classifying adiposity status across racial-ethnic
groups in children, and ,50% of children in the 85th–95th BMI
percentile (ie, overweight) show high adiposity levels when
assessed via DXA (45). Physical activity was directly measured
via the use of accelerometers, as opposed to self-reported ac-
tivity. Tanner status was used as a proxy for maturation status,
instead of age alone, to better control for hormonal and de-
velopmental differences among the children.

Limitations of the study include the sample size (n = 320), the
cross-sectional nature of the study, and the inability to obtain
certain data. Given that our sample was from children living in
the Birmingham, AL, metro area, the results may not be readily
generalized to other geographic contexts. As we were not able to
follow the children over time, it is not possible to determine how
the observed relations between added sugars, BP, and blood
lipids may change throughout the life span. The use of self-
reported dietary assessments may raise concerns about the
potential underreporting of added sugars—as observed in adults
(46)—that could have affected the associations reported herein.
Although 24-h dietary recalls may introduce error because of
their reliance on memory and truthfulness in reporting, a pre-
vious review has shown repeated 24-h dietary recalls to be the
most accurate self-reported measure in children as compared
with doubly labeled water (47). Despite control for SES (as
determined via the Hollingshead index), limited parental income
data were available for us to evaluate the possible effects of
purchasing power constraints on diet quality and their associa-
tions with foods high in added sugars. We did not have measures
of serum uric acid, nitric oxide, or the renin-angiotensin system
in our population to evaluate the potential physiologic mecha-
nisms by which added sugars may raise BP.

Our results support the hypothesis that increased consumption
of added sugars may contribute to the development of poor

cardiovascular health before maturity. Further research is needed
in humans, especially randomized control trials and longitudinal
studies, to verify whether the relations between added sugars, BP,
blood lipids, and cardiovascular health are definitively causative
or only correlative. However, in light of the current obesity
epidemic—because added sugars in food products may further
increase caloric load—it would be advisable to limit the con-
sumption of added sugars, especially in children.
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