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ABSTRACT

Background: To date, no study has assessed the effects of modifying carbohydrate intake
(specifically decreasing added sugar and increasing fiber) on insulin secretion, nor has any
study used an overweight Latino adolescent population. The objective of this study was to
examine whether changes in dietary intake, specifically reductions in added sugar and/or in-
creases in fiber, following a 12-week, modified carbohydrate dietary intervention, were as-
sociated with changes in insulin secretion and other metabolic risk factors for type 2 diabetes.

Methods: Participants were 16 overweight (!85th percentile BMI) Latina adolescent females
(12–17 years) who completed a 12-week modified carbohydrate intervention. Dietary intake was
assessed by 3-day diet records, body composition by dual-energy X-ray absorptiometry, and in-
sulin dynamics by an extended 3-hour oral glucose tolerance test (OGTT) at baseline and post-
intervention.

Results: There was a trend for unadjusted change in reported added sugar intake (% of
kcals) to be associated with change in insulin secretion, i.e. IAUC (r ! 0.47; p ! 0.075), and
this relationship became significant after controlling for age, baseline insulin secretion, added
sugar and adiposity, and change in adiposity (r ! 0.85; p " 0.05). No other changes in dietary
variables were related to changes in insulin secretion or other metabolic risk factors for type
2 diabetes.

Conclusions: Participants with greater reductions in added sugar intake showed signifi-
cantly greater improvements in insulin secretion following a modified carbohydrate nutri-
tion intervention. These findings suggest that interventions focused on decreasing added
sugar intake have the potential to reduce type 2 diabetes risk in overweight youth.
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INTRODUCTION

IN THE LAST 2 DECADES, type 2 diabetes has
been reported with increasing frequency in

children and adolescents, particularly in the

Latino population.1 The increase in diabetes in-
cidence is paralleled by the rising prevalence
rates of overweight youth. We have previously
shown that Latino children are more likely to
be insulin resistant than their Caucasian coun-
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terparts, independent of adiposity.2 Further-
more, we found that 32% of overweight Latino
children in the Los Angeles area have pre-
diabetes (i.e., impaired fasting or 2-hour glu-
cose),3,4 and 30% have a clustering of diabetes
and cardiovascular disease risk factors known
as the metabolic syndrome.3

Dietary patterns, specifically high intakes of
sugar, may play a prominent role in insulin dy-
namics and could be associated with type 2 di-
abetes risk factors. While the intake of all re-
fined sugars has decreased in recent years,
intake of dietary fructose, particularly high-
fructose corn syrup (HFCS), has dramatically
increased.5 National surveys have shown that
added sugar intake, defined as sugars eaten
separately or as ingredients in processed or
prepared foods, constitutes 20% of total energy
intake for adolescents in the United States.6 The
Nurses’ Health Study found that diets high in
sugar-sweetened soft drinks and refined grains
were significantly associated with increased
risk of type 2 diabetes, independent of age,
BMI, physical activity, smoking, family history
of diabetes, and energy intake.7 Women from
this study who consumed one or more sugar-
sweetened soft drinks per day had a relative
risk of type 2 diabetes of 1.83 (95% CI; p !
0.001), compared with those women who con-
sumed less than one sugar-sweetened soft
drinks per month.8

Ludwig et al.9 showed that, with each addi-
tional serving of sugar-sweetened beverage
consumed per day, the odds of children be-
coming obese increased by 60%. We have pre-
viously reported that higher intakes of total
sugar and sugary beverages were the only di-
etary variables associated with lower acute in-
sulin response and disposition index (an index
of ! cell function) in 63 overweight Latino chil-
dren.10 These results suggest that modest re-
ductions in sugar intake could potentially pre-
serve ! cell function and prevent metabolic
disorders in these children.

Few intervention studies have assessed
whether changes in dietary sugar intake im-
prove adiposity and diabetes risk factors. The
majority of these studies were conducted in
adults and used a low glycemic index (GI) diet
approach. A metaanalysis in adults showed
that low-GI diets had small but clinically sig-

nificant improvements in medium-term
glycemic control (as measured with HbA1c and
fructosamine levels) in patients with diabetes
when compared with conventional (low-fat) or
high-GI diets. Similar findings have been ob-
served in a few low-GI intervention studies in
children and adolescents.11, 12 No study, how-
ever, has assessed the effects of modifying car-
bohydrate intake (specifically decreasing
added sugar and increasing dietary fiber) on
insulin secretion, nor has any study used an
overweight Latino adolescent population. We
believe that a message focused on decreasing
added sugar and increasing total fiber is easier
to understand and implement than a focus on
glycemic index content, especially for a pedi-
atric population. Thus, the purpose of this
study was to examine the effects of a 12-week,
modified carbohydrate dietary intervention,
aimed at reducing added sugar and increasing
dietary fiber intake, on adiposity and insulin
dynamics in overweight Latina girls.

DESIGN

Subjects

Twenty-three adolescent females were re-
cruited through clinics and word of mouth
around the East and Central Los Angeles area
for the ALAS (Adolescent Latinas Adjusting
Sugars) study. All subjects met the following
inclusion criteria: 1) Hispanic origin, (both sets
of grandparents required to be of Hispanic her-
itage); 2) BMI "85th percentile for age and sex
according to the Centers for Disease Control
(CDC) and Prevention Charts;13 3) female; 4)
absence of diabetes, determined by an oral glu-
cose tolerance test; 5) not presently taking med-
ication(s) or diagnosed with any syndrome or
disease that could influence dietary intake,
body composition, fat distribution, or insulin
action and secretion; and 6) not currently or in
the 6 months prior to participation involved
with any dietary or weight loss program. The
Institutional Review Board of the University of
Southern California approved this study.
Parental consent and youth assent were ob-
tained before testing commenced. Other find-
ings from this intervention are in press,14 but
no analysis of changes in dietary intake with
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changes in adiposity or metabolic parameters
has been published.

Protocol

After an overnight fast, participants under-
went testing at the General Clinical Research
Center (GCRC) at baseline and postinterven-
tion (within one week of the last nutrition
class). Height and weight were measured us-
ing a beam medical scale and wall-mounted
stadiometer, to the nearest 0.1 cm and 0.1 kg,
respectively, and the average of two measure-
ments was used for analysis. BMI, BMI per-
centiles, and BMI z-scores for age and gender
were determined using EpiInfo 2005, Version
3.3.2. (CDC, Atlanta, GA). At baseline only, a
detailed medical history was obtained, and a
physical examination was performed by a li-
censed healthcare provider (including Tanner
staging based on breast stage and pubic hair15).
Body composition was assessed with a total
body DXA scan using a Hologic QDR 4500W
(Hologic, Bedford, MA).

Dietary intake

Dietary intake was assessed from 3-day diet
records (2 weekdays, 1 weekend day) at base-
line and post-intervention. A nutrition educator
clarified diet records at the first nutrition session
and the post intervention GCRC visit. All sub-
jects were given measuring cups and 12-inch
rulers to assist in proper portion size estima-
tions. Nutrition data were analyzed using the
Nutrition Data System for Research (NDS-R ver-
sion 5.0_35), a software program developed by
the University of Minnesota. The NDS-R pro-
gram calculates key dietary variables targeted
during the intervention, such as dietary fiber,
added sugar content, refined grains, whole-
wheat grains, and sugar-sweetened beverages.
Added sugars are defined as those sugars/
syrups added to foods during food preparation
or commercial food processing, such as high
fructose corn syrup, not including naturally oc-
curring sugars like lactose and fructose. Whole
grains are defined as foods made from the en-
tire grain seed, usually called the kernel, which
consists of the bran, germ, and endosperm. If the
kernel has been cracked, crushed, or flaked, it
must retain nearly the same relative proportions

of bran, germ, and endosperm as the original
grain in order to be called whole grain.16 Such
whole grains may include barley, buckwheat,
bulgur, corn, millet, rice, rye, oats, sorghum,
wheat, and wild rice. Refined grains are the re-
sulting product of grain processing, such as
white bread, white pasta, white rice, pretzels,
and some cereals (this does not include raw
sugar).16

Measurement of insulin secretion

Insulin secretion was measured with an ex-
tended (3-hour) oral glucose tolerance test
(OGTT) and combined insulin and C-peptide
modeling. A flexible IV catheter was placed in
one arm and fasting blood samples were col-
lected for determination of glucose, insulin,
and C-peptide concentrations. At time zero,
subjects ingested 1.75 g of oral glucose per kg
of body weight (to a maximum of 75g). Blood
samples were drawn via the antecubital vein at
baseline and every 10 minutes for 3 hours. A
total of 18 samples were collected and were as-
sayed for glucose, insulin, and c-peptide.

Prehepatic insulin secretion rates were calcu-
lated using the extended combined model ap-
proach.17,18 This model uses kinetic analysis of
both plasma insulin and two compartmental C-
peptide disappearance rates to estimate the pre-
hepatic insulin secretion. The insulin secretion
rates were per-unit C-peptide distribution vol-
ume and were corrected to mass per time by as-
suming a 6.5% body weight C-peptide distribu-
tion space.19 Modeling was performed using the
MLAB software (Civilized Software, Bethesda,
MD). Model-predicted insulin secretion rates
are reported in insulin area under the curve
(AUC) and incremental insulin area under the
curve (IAUC) in nmol/min per L.

Fasting and 2-hour glucose values from the
extended OGTT served as the diabetes screen
test. Participants with impaired fasting glucose
(fasting glucose 100-125 mg/dL) or impaired
glucose tolerance (2-hour plasma glucose "140
and !200 mg/dL) were eligible to participate
in the study. Homeostatic model assessment
(HOMA-IR) was used as a measure of insulin
resistance; [HOMA-IR # fasting insulin
((U/mL}) $ fasting glucose (mmol/L)/22.5].20

Blood samples taken during the OGTT were
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separated for plasma and immediately trans-
ported on ice to the GCRC Core Laboratory.
Glucose was assayed using a Yellow Springs
Instruments analyzer (Yellow Springs, OH)
and insulin and C-peptide were assayed using
an automated random access enzyme im-
munoassay system analyzer (Tosoh Bioscience,
Inc., San Francisco, CA).

Nutrition intervention

We developed a nutrition intervention
specifically focused on 2 goals: 1) A reduction
in added sugar towards a goal of 10% or less
of total daily caloric intake from added sugar
through a reduction in sugary beverages,
candy, syrups, and sweets, which is based on
the recommendation of the World Health Or-
ganization21; and 2) An increase in dietary fiber
to a goal of 14g per 1000 calories, principally
through an increase in fruits and vegetables,
and a modification of breads, tortillas, and ce-
reals, which is based on the recommendation
of the US Institute of Medicine.22 In addition to
the target goals stated above, dietary advice
worked toward achieving a diet that has 45 to
55% of calories as carbohydrate and 30 to 35%
of calories from fat.

Participants were randomly assigned to ei-
ther a home-based format (n # 11), where the
nutrition educator visited the participant’s
house for weekly, individualized classes, or the
group format (n # 12), which was taught in a
classroom on the USC campus. Both groups re-
ceived identical, 90-minute nutrition classes
weekly for 12 weeks and were taught by the
same trained nutrition educators. Parents from
both intervention groups were required to at-
tend at least 4 of the 12 sessions and were in-
vited to attend all sessions. As previously re-
ported, although this modified carbohydrate
dietary intervention led to significant im-
provements in dietary intake and BMI z-scores,
the extremely intensive, individualized, home-
based program was no more effective at im-
proving diet, decreasing adiposity, or reducing
type 2 diabetes risk factors than the traditional,
classroom-based format.14 For this study, we
were interested in identifying whether partici-
pants who made the most profound changes in
their dietary intake had more improvements in

metabolic parameters. Therefore, the data was
combined from both intervention groups to as-
sess whether changes in dietary intake follow-
ing the 12-week nutrition intervention were re-
lated to changes in metabolic outcomes.

Statistical analysis

Variables that were not normally distributed
(insulin secretion, incremental insulin secre-
tion, HOMA-IR, and fasting and 2-hr insulin)
were log transformed. Paired t-tests were used
to measure differences in physiological and
metabolic parameters, and dietary intake be-
tween baseline and post-intervention. Simple
and partial correlations were employed to as-
sess relationships between dietary variables (at
baseline and changes following intervention)
and adiposity and metabolic outcomes (at base-
line and changes following intervention). Stan-
dard covariates used were age, baseline dietary
variable of interest, and baseline metabolic
variable of interest. Other covariates that were
used (either individually or in combination)
were baseline adiposity, change in adiposity,
Tanner stage, insulin resistance (as measured
by HOMA-IR), change in dietary fiber (when
assessing change in added sugar), change in en-
ergy (when assessing dietary variables ex-
pressed in grams per day) and changes in other
macronutrients (i.e, protein, carbohydrate, and
fat). Hierarchical multiple regression analyses
were used to examine the extent to which
changes in dietary intake predicted changes in
metabolic parameters, independent of covari-
ates. All analyses were performed using SPSS
software (version 11.0: SPSS Inc, Chicago, IL),
with Type 1 error set at p ! 0.05.

RESULTS

Only 16 of the 23 subjects had physiologi-
cally reasonable parameter estimates for the ex-
tended model, therefore 7 subjects did not have
insulin secretion data and were not included in
this analysis. This means that either the stan-
dard deviations on the estimates were too high,
or the residuals, i.e., the difference between the
measured data and the model-predicted val-
ues, were not randomly distributed around
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zero. Physiological and metabolic parameters
at baseline and post-intervention for sixteen
subjects are presented in Table 1. Paired t-tests
found no significant differences in physiologi-
cal or metabolic parameters from baseline to
postintervention. Dietary intake at baseline and
postintervention are presented in Table 2. En-
ergy (kcals/d), carbohydrate (g/d), fat (g/d),
and added sugars (g/d and % kcals) signifi-
cantly decreased, while dietary fiber (% of
kcals) significantly increased from baseline to
week 12 of dietary intervention. Among foods
targeted to limit, refined grains (servings/d)
and sugar sweetened beverages (servings/d)
significantly decreased from baseline to week
12 of dietary intervention. Baseline energy
(kcals), fat (g/d), protein (g/d), and carbohy-
drates (g/d) were positively associated with
baseline insulin area under the curve (AUC)
and incremental insulin area under the curve
(IAUC), i.e., measures of insulin secretion. Af-
ter controlling for baseline body composition
and age, however, baseline energy intake was
the only variable that remained significantly re-
lated to AUC and IAUC (p ! 0.05) (data not
shown). No other baseline dietary variables
were significantly related to any baseline adi-
posity or metabolic parameter.

In this current study, we assessed whether
changes in dietary intake, specifically added
sugar and dietary fiber, were associated with
changes in adiposity or metabolic parameters.

No change in dietary variables were signifi-
cantly associated with changes in adiposity pa-
rameters, while change in added sugar intake
was the only dietary variable significantly as-
sociated with any metabolic parameter change.
There was a trend for change in added sugar
intake (% of kcals) to be associated with change
in insulin secretion, i.e., IAUC (r # 0.47; p #
0.075), and this relationship became significant
after controlling for age, baseline insulin secre-
tion and baseline added sugar (% kcals) (r #
0.59; p ! 0.05). This relationship became
stronger when baseline adiposity (i.e., fat mass
(FM) and fat free mass (FFM)) and changes in
adiposity were entered as covariates (r # 0.85;
p ! 0.05). The unadjusted and adjusted rela-
tionship between change in added sugar and
change in insulin secretion is depicted more
clearly in Figure 1 and 2.

Using hierarchical multiple regressions, we
found that change in added sugar intake (%
kcals) explained an additional 32% of the vari-
ance in insulin secretion (! # 1.084; p ! 0.05)
(Table 3), independent of age, BMI z-score,
baseline insulin secretion, and added sugar,
baseline FM and FFM, and change in FM and
FFM. All analyses remained significant when
other covariates were entered (either individu-
ally or in combination), including insulin re-
sistance (as measured by HOMA-IR), Tanner
stage, changes in dietary fiber intake, and
changes in macronutrient intake.
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TABLE 1. PHYSIOLOGICAL AND METABOLIC PARAMETERS AT BASELINE AND POST-INTERVENTIONa

Physiological & metabolic variablesb Baseline Post-Intervention

Age (y) 14.5 % 1.7 —
Tanner 3.9 % 0.6 —
BMI z-scores 2.0 % 0.5 1.9 % 0.5
Fat mass (kg) 30.6 % 8.6 30.8 % 8.9
Lean tissue mass (kg) 43.2 % 7.1 43.3 % 7.0
Fasting glucose (mg/dL) 90.1 % 8.8 88.1 % 6.0
20-hr glucose (mg/dL) 118.9 % 14.1 116.0 % 15.6
Fasting insulin ("U/mL)c 17.0 % 11.1 17.3 % 16.6
2-hr insulin ("U/mL)c 93.6 % 52.7 94.4 % 79.5
HOMA IRIc 3.8 % 2.5 3.8 % 3.5
Insulin secretion (nmol/min/L)c 916.3 % 677.3 856.4 % 731.2
Incremental insulin secretion (nmol/min/L)c 650.9 % 486.1 550.2 % 137.6

aMean % SD
bPaired t-test found no significant differences in physiological and metabolic variables from baseline to post-inter-

vention.
cStatistical comparisons on non-normally distributed variables are performed using log-transformed data, but data

are shown as non-transformed values for ease of interpretation.



DISCUSSION

The primary purpose of this study was to as-
sess whether changes in dietary intake, specif-
ically added sugar and dietary fiber, following
a 12-week, modified carbohydrate dietary in-
tervention, were associated with changes in
adiposity and metabolic outcomes, specifically
insulin secretion, in Latina adolescents. Our re-
sults are the first to demonstrate that a reduc-
tion in added sugar intake (% kcals) was asso-
ciated with a reduction in insulin secretion.
These results suggest that dietary interventions
focusing on decreasing added sugar intake
could have an impact on reducing type 2 dia-
betes in these high-risk girls.

Although the dietary goal of reducing added
sugar by 10% or less of total daily calorie in-
take was not achieved, the mean added sugar
intake postintervention was 12.9% of caloric in-

take. For those participants with a reduction in
insulin secretion (n # 10), added sugar intake
decreased by about 40 grams per day or 5% of
calories to a mean of 50 g/d and 13% of daily
caloric intake. These changes suggest that a
modest reduction of 40 g/d and as little as 5%
of kcals from added sugar could reduce type 2
diabetes risk factors. This reduction could be
achieved by simply omitting 1–2 servings per
day of sugar-sweetened beverages or refined
grains, such as candy or baked goods.

In this study we did not observe a significant
effect of increased dietary fiber intake on
changes in adiposity or metabolic outcomes.
This is probably due, in part, to the relatively
modest increase in dietary fiber throughout the
intervention and the fairly small contribution
of this nutrient to energy intake. Although the
dietary goal to increase fiber intake to 14g/1000
kcals was not met, mean dietary fiber did in-
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TABLE 2. DIETARY INTAKE AT BASELINE AND POST-INTERVENTION OF THE STUDY SAMPLEa

Dietary variablesb Baseline Post-Intervention

Energy (kcals)c 1849.1 % 734.8 1459.5 % 533.7

CHO (g)c 259.9 % 120.4 199.1 % 79.7
CHO (% kcals) 53.7 % 6.3 54.8 % 9.3

Protein (g) 73.6 % 32.3 64.0 % 19.2
Protein (% kcals) 15.4 % 2.6 18.2 % 5.6

Fat (g)c 69.5 % 31.3 50.0 % 26.2
Fat (% kcals) 32.4 % 5.5 29.6 % 6.9

Dietary Fiber (g) 15.4 % 10.0 18.4 % 9.7
Fiber (g/1000 kcal) 8.1 % 3.0 13.0 % 6.9

Added sugar (g)d 90.6 % 52.3 50.4 % 36.0
Added sugar (% kcals)c 17.8 % 6.9 12.9 % 5.7

Refined grains (serv/d)c 4.2 % 3.1 2.5 % 1.7

Sugar sweetened beverages (serv/d)c 1.8 % 1.8 0.7 % 0.7

Whole-wheat grains (serv/d) 1.1 % 1.3 1.2 % 0.8

Total vegetables (serv/d) 1.1 % 1.1 1.5 % 1.2
Vegetables excluding those fried (serv/d) 0.7 % 0.8 1.0 % 0.8

Fruits (serv/d) 1.2 % 1.3 2.0 % 1.6
Fruits excluding juices (serv/d) 0.6 % 0.7 1.2 % 1.2

aAll values are mean % SD
bPaired t-test were used to compare differences in dietary variables between baseline and post-intervention.
cDenotes significant differences between baseline and post-intervention, p ! 0.05.
dDenotes significant differences between baseline and post-intervention, p ! 0.01.
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FIG. 1. Unadjusted relationship between & added sugar vs change in insulin secretion (i.e., IAUC), (r # 0.47; p #
0.075).

FIG. 2. Adjusted relationship between ( added sugar vs change in insulin secretion (i.e., IAUC). Significant partial
correlation (r # 0.85; p ! 0.05), covariates used were age, baseline fat mass (FM) & fat-free mass (FFM), change in FM
& FFM, baseline added sugar, and baseline insulin secretion.



crease from 8.1 to 13.0 g/1000 kcals. Even so,
change in dietary fiber intake was entered as a
covariate in all analyses and did not signifi-
cantly effect the change in added sugar find-
ings.

Very few studies have employed reliable and
effective methods for the estimation of insulin
secretion. The combined model approach used
in the current study takes into account the ki-
netics of endogenous plasma insulin and C-
peptide, and provides an accurate estimation
of prehepatic secretion rate,17, 18, 23 and we are
the only group thus far that has used this ap-
proach to estimate insulin secretion rates in
children 2. To our knowledge, this is the first
intervention study to show that decreases in
added sugar intake are associated with de-
creases in insulin secretion using the combined
model approach. In addition, changes in di-
etary intake were not associated with changes
in rudimentary measures of insulin dynamics,
i.e., fasting or 2-hr glucose and insulin levels or
HOMA-IR, and significant results were found
only when examining changes in insulin secre-
tion using the combined model approach. This
suggests that more sensitive measurements of
insulin dynamics may be required to capture

the relationship between dietary intake pat-
terns and diabetes risk factors.

It is difficult to determine the mechanism by
which a reduction in added sugar intake has
on decreases in insulin secretion, because de-
creases in insulin secretion could be an adap-
tive response to changes in insulin resistance.
For this study, we used the HOMA index as a
measure of insulin resistance, which is not a di-
rect measure of whole body insulin resistance
and may, in fact, reflect hepatic insulin resis-
tance to a greater extent than peripheral insulin
resistance.24 When HOMA was entered into the
model as a covariate, it did not affect the sig-
nificant association between reductions in
added sugar intake and insulin secretion. We
have previously shown in a similar population
that 2-hour insulin was significantly related to
whole body SI as measured by frequently 
sampled intravenous glucose tolerance test
(FSIVGTT), while fasting insulin values were
not related to SI, (insulin sensitivity) after ad-
justing for body fat. These results suggest that
peripheral resistance, reflected in the post-oral
glucose challenge insulin values, may affect
whole body SI, as measured by the FSIVGTT,
proportionately more than hepatic resistance.
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TABLE 3. REGRESSION OF CHANGE IN ADDED SUGAR (% KCALS) VS. CHANGE IN INSULIN SECRETIONa

p-value
R2 R2 Change Standardized ! for !

Model 1 0.552b 0.552
Age 0.621 0.150
Total fat 0.154 0.767
Total LTM 0.066 0.915
& Total fat 0.277 0.609
& Total LTM '0.769 0.158
Baseline % added sugar 0.312 0.413
Baseline insulin secretion 0.185 0.613

Model 2 0.935b 0.322
Age 0.978 0.010c

Total fat '0.261 0.439
Total LTM 0.230 0.539
& Total fat '0.115 0.733
& Total LTM '0.875 0.026
Baseline % added sugar '0.330 0.281
Baseline insulin secretion '0.142 0.550
& % Added sugar 1.084 0.016c

aLinear Regression: dependent variable  insulin secretion (i.e., IAUC), statistical analyses were performed using
log-transformed insulin secretion value.

bindicates significance of model; p ! 0.05.
cindicates significance of !; p ! 0.05.



In the present study, however, change in added
sugar intake was not significantly associated
with change in 2-hr insulin. Even so, we cannot
exclude the likelihood that the decrease in insulin
secretion may be an adaptive response to im-
provements in insulin sensitivity, and recognize
the lack of a direct measure of whole body in-
sulin resistance as a limitation of this study. Nev-
ertheless, we are currently conducting a much
larger intervention in Latino children (n # 60),
where we are measuring both insulin secretion
using the 3-hour OGTT model and insulin sen-
sitivity using the frequently sampled intra-
venous glucose tolerance test (FSIVGTT). In the
near future, we intend to assess the relationship
of changes in dietary intake, specifically added
sugar, to the change in both insulin sensitivity
and secretion using the more precise measures.

In addition, we are assuming that a decrease
in insulin secretion essentially means an im-
provement in insulin secretion, i.e., less strain
on the !-cells to secrete insulin. But one might
argue that a decrease in insulin secretion sug-
gests that the !-cells are already exhausted.
Had this been the case, however, we might
have expected an increase in circulating glu-
cose levels following the intervention, as chil-
dren with inadequate insulin secretion for the
degree of their insulin resistance (i.e., !-cell
dysfunction) tend to have higher levels of
glycemia.4, 25 We thus conclude that the re-
duction in insulin secretion following a reduc-
tion in dietary sugars is likely due to improve-
ments in underlying whole body insulin
sensitivity as discussed above, reflecting a re-
duction in !-cell demand and a potential de-
crease in diabetes risk.

Subjects who decreased their added sugar in-
take (% of kcals; n # 8) had approximately 20%
and 34% reductions in insulin secretion and in-
cremental insulin secretion, respectively. These
reductions could potentially lead to decreased
subsequent development of type 2 diabetes. In
the Troglitazone in Prevention of Diabetes
(TRIPOD) study, a 3 month treatment with
troglitazone resulted in a modest, albeit signif-
icant, 13% reduction in insulin secretion com-
pared to the control (placebo) group in 266 His-
panic women.26 This modest reduction in
insulin secretion was significantly associated
with a 6.3% reduction in the onset of annual

type 2 diabetes in this population. Therefore
the decrease in insulin secretion (20%) and in-
cremental insulin secretion (30%) seen in sub-
jects who decreased their added sugar is novel
and could have important implications on the
subsequent development of type 2 diabetes.

Several limitations of this study should be
noted. This study employed a fairly small sam-
ple size (n # 23), and only 16 of these subjects
had accurate insulin secretion rates. The small
sample size, however, is somewhat offset by
the use of precise measurements for adiposity
and insulin dynamics and the focus on an un-
derstudied high-risk population. Another lim-
itation is that we did not employ a dietary con-
trol group; the initial study design was to
assess the difference between an individual-
ized, home-based format versus a group, class-
room-based format using an identical nutrition
curriculum. We intended the group-classroom
format to serve as the control, but both inter-
vention groups had similar improvements in
dietary intake and health outcomes, and were
therefore combined for this study. The specifics
of the between group comparison have been
previously reported.14 Nevertheless, this was a
pilot feasibility study and we intend to test this
modified carbohydrate nutrition education in
larger and longer intervention studies, using
both genders and with the appropriate control
group.

Another limitation is that we would expect
that such large decreases in energy (21%) and
fat intake (28%) would have resulted in signif-
icant reductions in weight or adiposity, which
was not the case. Obviously, the current study
is limited by the use of self-reported 3-day diet
records, which rely solely on the subjects’ self-
reporting and are often prone to errors. It is
highly possible that participants under-re-
ported perceived unhealthy foods and over-re-
ported perceived healthy foods, especially af-
ter a dietary intervention. However, we would
expect to see larger under-reporting of added
sugars and over-reporting of dietary fibers
which were the targeted dietary variables in
this intervention. In this study we saw rather
modest increases in dietary fiber (approxi-
mately 3 g/day, which equates to only 1 piece
of whole wheat bread or an extra serving of
vegetables) and modest decreases in added
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sugar (about 40 grams a day, which equates to
only 1-2 servings of sugar sweetened beverages
or refined grains). Although the decreases in
added sugars were modest, they were still the
only change in a dietary variable related to im-
provements in insulin secretion, which sug-
gests that modest improvements in added
sugar could reduce risk of type 2 diabetes. Re-
gardless, we would expect the degree of un-
derreporting of energy and fat to be similar
across the whole sample, given that they were
not targeted dietary variables in the interven-
tion, and therefore not affect the relationship
found with added sugar and insulin secretion.

Another limitation of this study is the in-
ability of the NDS-R dietary analysis program
to discriminate between high fructose corn
syrup (HFCS) and other types of added sugar.
However, we feel that the message of de-
creasing added sugar in the diet is much eas-
ier to understand than separating out aspects
of added sugar, especially in a pediatric pop-
ulation. Our results suggest that future dis-
semination and testing of this modified car-
bohydrate nutrition curriculum with bigger
samples and true controls is definitely war-
ranted.

In summary, this is the first study to exam-
ine the association between changes in dietary
intake following a nutrition intervention on
changes in insulin secretion and other meta-
bolic risk factors for type 2 diabetes in over-
weight Latina adolescents. We found a signifi-
cant association between the degree of
reduction in added sugar intake and decreases
in insulin secretion, independent of age, pu-
berty, adiposity, insulin resistance, and other
macronutrients. These results suggest that in-
terventions focusing on modest reductions in
added sugar intake, as little as 40 grams a day
or 5% of kcals, could reduce the strain placed
on !-cells and potentially reduce the progres-
sion and/or development of type 2 diabetes in
youth.
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