
Effects of a lifestyle intervention on markers of cardiometabolic
risk and oxidized lipoproteins among obese adolescents with
prediabetes

Ana Rentería-Mexía1,2, Sonia Vega-López2,3, Micah L Olson4,5, Pamela D Swan2,
Chong D Lee2, Allison N Williams5 and Gabriel Q Shaibi2,3,4,5,*
1Departamento de Biotecnología y Ciencias Alimentarias Instituto Tecnológico de Sonora, Obregón, Sonora,
México: 2School of Nutrition and Health Promotion, Arizona State University, Phoenix, AZ, USA: 3Southwest
Interdisciplinary Research Center, Arizona State University, USA: 4Division of Endocrinology and Diabetes, Phoenix
Children’s Hospital, Phoenix, AZ, USA: 5Center for Health Promotion and Disease Prevention, College of Nursing
and Health Innovation, Arizona State University, 500 N. 3rd Street, Phoenix, AZ 85004, USA

Submitted 28 April 2018: Final revision received 22 October 2018: Accepted 21 November 2018: First published online 27 December 2018

Abstract
Objective: Obesity and hyperglycaemia contribute to the atherosclerotic process in
part through oxidative modifications to lipoprotein particles. The present study
aimed to evaluate the effects of a lifestyle intervention on markers of oxidized
lipoproteins in obese Latino adolescents with prediabetes.
Design: Pre–post design.
Setting: Participants were enrolled into a 12-week lifestyle intervention.
Measurements pre- and post-intervention included anthropometrics and body
composition, lipid panel, oxidized LDL (oxLDL), oxidized HDL (oxHDL), intake of
fresh fruits and vegetables, and cardiorespiratory fitness.
Participants: Thirty-five obese Latino adolescents (seventeen females, eighteen males;
mean age 15·5 (SD 1·0) years; mean BMI percentile 98·5 (SD 1·2)) with prediabetes.
Results: Intervention participation resulted in significant reductions in weight
(−1·2%, P= 0·042), BMI and BMI percentile (−2·0 and −0·4%, respectively,
P< 0·001), body fat (−7·0%, P= 0·025), TAG (−11·8%, P= 0·032), total cholesterol
(−5·0%, P= 0·002), VLDL-cholesterol (−12·5%, P= 0·029), and non-HDL-cholesterol
(−6·7%, P= 0·007). Additionally, fitness (6·4%, P< 0·001) and intake of fruits and
vegetables (42·4%, P= 0·025) increased significantly. OxLDL decreased significantly
after the intervention (51·0 (SD 14·0) v. 48·7 (SD 12·8) U/l, P= 0·022), while oxHDL
trended towards a significant increase (395·2 (SD 94·6) v. 416·1 (SD 98·4) ng/ml,
P= 0·056).
Conclusions: These data support the utility of lifestyle intervention to improve the
atherogenic phenotype of Latino adolescents who are at high risk for developing
premature CVD and type 2 diabetes.
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CVD is a leading cause of morbidity and mortality and has
its antecedents early in life(1). Obesity, insulin resistance
and hyperglycaemia are risk factors for CVD that may
contribute to and exacerbate the atherosclerotic process in
adolescents(2). Adolescents of Latino descent who are
living in the USA are disproportionately impacted by
obesity and type 2 diabetes (T2D), both of which con-
tribute to a worsening CVD profile into adulthood(3).

Oxidative stress is a biological mechanism thought to link
obesity and T2D with atherosclerosis(4). Oxidative stress
generates oxidant species, particularly reactive oxygen
species, which are able to oxidize lipoproteins. Oxidation of

lipoproteins leads to increased concentrations of oxidized LDL
(oxLDL) and oxidized HDL (oxHDL)(5). OxLDL has been
associated with CVD and prospectively predicts CVD
events(6,7). Data regarding oxHDL are less clear as some
experimental studies in cells and animals demonstrate
pro-atherogenic properties(8,9), while others suggest anti-
atherogenic properties(10,11). In human subjects (adoles-
cents and young adults), a cross-sectional study has shown
associations between higher concentration of oxHDL and
higher BMI and T2D(12), whereas other studies have shown
associations of high concentration of oxHDL with young age,
low insulin concentration and low waist circumference(13).
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Despite the fact that both oxidized molecules have been
independently related to atherosclerosis, very few studies
have simultaneously measured oxLDL and oxHDL con-
centrations in high-risk paediatric populations.

Considering the impact that oxidative stress plays on
lipoproteins, there is a need to develop interventions that
reduce oxidative stress and promote an anti-oxidative
environment early in life. Therefore, the purpose of the
present study was to evaluate the effects of a lifestyle
intervention on concentrations of oxLDL and oxHDL in
obese Latino adolescents with prediabetes, and to inves-
tigate the correlations between changes in oxidized lipo-
proteins and changes in adiposity and lifestyle behaviours.

Methods

Participants and study design
This secondary data analysis included thirty-five obese
(BMI≥ 95th percentile) Latino adolescents with hypergly-
caemia following a 2-h oral glucose tolerance test. For
purposes of the current analysis, elevated post-challenge
glucose was defined as a 2-h glucose≥ 6·7mmol/l. The
participants (seventeen females, eighteen males; mean age
15·5 (SD 1·0) years) included in the present report were part of
a larger, randomized controlled trial of 160 obese Latino
adolescents. Details of the parent study(14) along with the
effects of the trial on the primary outcomes of insulin sensi-
tivity and quality of life have been reported elsewhere(15). As
part of the larger trial, participants who met the American
Diabetes Association criteria for prediabetes at baseline were
automatically assigned to the intervention group. The rationale
for automatically assigning prediabetic adolescents to the
intervention included the facts that: (i) prediabetic adolescents
can rapidly decompensate and develop T2D (although the
intervention was 12 weeks long, the parent study followed
participants for 1 year); and (ii) the health disparities focus and
community emphasis of the intervention relied heavily on
input from community partners and stakeholders who
strongly advised against randomizing prediabetic adolescents
from a disparity population to a control condition. Given the
importance of broad community engagement to the parent
research study, there were no prediabetic adolescents in the
control programme with whom to compare.

Lifestyle intervention
The intervention has been described in detail elsewhere(14).
Briefly, the 12-week intervention included nutrition education
delivered to groups of families (weekly, 60min session) and
physical activity (weekly, three 60min sessions). Nutrition
education was delivered by bilingual/bicultural ‘promotoras’
(community health workers) and focused on health risks of
obesity and T2D, increasing consumption of fruits and
vegetables, reducing energy from sugar and fat, promoting
healthy breakfast and snacking behaviours, and controlling
portion sizes. The physical activity sessions were delivered

by certified fitness instructors at a local YMCA to groups of
eight to ten adolescents and each week included three days
of structured and unstructured exercises for 60min. Struc-
tured components included aerobic activities (e.g. running,
spinning), anaerobic activities (e.g. athletic drills) and
resistance exercises. Unstructured components included
team sports and games that promoted social support and
bonding among adolescents. Physical activity sessions were
designed to elicit an average heart rate of ≥150 beats/min
for the majority of the session. Heart rate was monitored
during sessions using a Polar Heart Rate monitor (Polar
USA, Bethpage, NY, USA). The target heart rate was
selected based upon previous literature among obese
adolescents that demonstrated significant improvements in
cardiometabolic health indicators at this intensity level(16).

Anthropometry and body composition assessment
Participants arrived at the ASU Clinical Research Unit fol-
lowing an overnight fast (>10 h). Weight was assessed
wearing lightweight clothing without shoes and recorded
to the nearest 0·1 kg using a balance beam medical scale.
Standing height (without shoes) and waist circumference
(at the position of the umbilicus) were measured to the
nearest 0·1 cm using a stadiometer and a tape measure,
respectively. BMI was calculated as weight divided by
height squared, which was used to calculate BMI per-
centiles based on the Centers for Disease Control and
Prevention 2000 growth charts for age and gender. Blood
pressure was measured in a relaxed, upright sitting posi-
tion using an appropriately sized cuff on the right arm after
the participant had rested quietly for 5min using an
Omron IntelliSense HEM-907XL automated monitor
(Omron Healthcare, Inc., Bannockburn, IL, USA). Mea-
surements were taken at 1min intervals and the average of
the three measures was used. Body composition was
estimated by bioelectrical impedance analysis (TBF-300A;
Tanita Corp of America, Arlington Heights, IL, USA).

Cardiometabolic risk biomarkers: lipid panel and
oral glucose tolerance test measurements
Fasting blood samples (>10 h) were drawn at baseline and
after the intervention (within 24–48 h after the last physical
activity class) from an antecubital vein. Blood was cen-
trifuged at 3000 rpm at 5°C for 15min, serum/plasma was
separated, and aliquots were stored at −80°C until analysis.
Total cholesterol, HDL-cholesterol (HDL-C), TAG, LDL-
cholesterol (LDL-C; calculated by the Friedewald equa-
tion(17)), VLDL-cholesterol (VLDL-C; estimated dividing the
TAG value in mmol/l by 5, according to Wilson et al.(18))
and non-HDL-cholesterol (non-HDL-C; calculated as total
cholesterol minus HDL-C) were assessed in serum using
standard procedures(19–22). The CV for lipid panel mea-
surements was <5%.

An oral glucose tolerance test consisting of 75g of glucose
in solution was administered to measure glucose and insulin
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concentrations at fasting and 2h. Fasting plasma glucose and
2-h glucose concentrations were determined by the glucose
oxidase method using the automated chemistry analyser
Cobas C111 (Roche Diagnostics, Indianapolis, IN, ISA)(19,23),
while fasting and 2-h insulin concentrations were measured
by ELISA (ALPCO Diagnostics, Windham, NH, USA). Insulin
resistance was calculated using homeostasis model assess-
ment (HOMA-IR)(24). The CV for glucose and insulin mea-
surements was <5 and <15%, respectively.

Oxidized lipoprotein measurements
OxLDL and oxHDL were measured using commercially
available ELISA kits through sandwich enzyme immuno-
assay techniques. OxLDL was measured using a kit from
Mercodia AB (Uppsala, Sweden) with the same specific
murine monoclonal antibody mAb-4E6 as in the assay
described by Holvoet et al.(25), with inter- and intra-assay
CV of 1·1 and 2·8%, respectively. OxHDL was measured
with a proprietary antibody from MyBioSource, Inc. (San
Diego, CA, USA), with inter- and intra-assay CV of 2·9 and
8·8%, respectively.

Measurement of behavioural variables
Dietary intake of fresh fruits and vegetables and cardio-
respiratory fitness were evaluated as behavioural variables.
Fresh fruit and vegetable intake was assessed using the
Block Food Screener for Ages 2–17, version 2007, which
was adapted from the Block Kids 2004 FFQ(26). This
screener has been used to evaluate dietary intake of
children from diverse ages and ethnicities and has been
validated by Hunsberger et al.(27). The screener probes the
frequency and quantity of food and beverage items that
were consumed by the participant during the previous
week. The items included were developed from National
Health and Nutrition Examination Survey (NHANES) data
for adolescents aged 2–17 years. Frequency is determined
by the question ‘How many days last week did you eat or
drink it?’, where ‘it’ refers to each specific food or beverage
item. Quantity is determined by the question ‘How much
in one day?’ These data are used to assign age- and sex-
specific portion sizes based on amounts consumed in the
most recent NHANES survey from 24 h recall data. Using
the reported frequency and quantity data adjusted for
established age- and sex-specific portion sizes, the
screener can yield a calculated g/d intake for fresh fruits
and vegetables. Cardiorespiratory fitness (VO2max) was
estimated by a submaximal treadmill test as described by
Nemeth et al.(28). Participants walked on a treadmill at a
self-selected speed at 0% grade for 4min. The grade was
then increased to 5% while speed was maintained for four
more minutes. Heart rate was recorded at the end of the
8min and entered into a sex- and age-specific prediction
equation to estimate VO2max.

Statistical analyses
Untransformed outcome variables were expressed as
mean and SD. For skewed variables, inverse or natural log
transformations were calculated to meet the normality
assumption; otherwise non-normal variables were analysed
by the non-parametric Wilcoxon signed-rank test. Differences
between pre- and post-intervention outcomes were evaluated
using paired-samples t tests for unadjusted models. Baseline
differences and changes following the intervention between
boys and girls for oxLDL and oxHDL were explored using
independent-sample t tests. Within-subject correlations were
examined between changes in oxidized lipoproteins as
dependent variables and changes in BMI, body fat, VO2max

and dietary intake of fresh fruits and vegetables as indepen-
dent variables, after adjustment for sex. For this latter statistical
analysis, the linear mixed models with maximum likelihood
estimates were used to compute the correlation matrix and
within-subject correlation coefficients, similar to partial cor-
relation estimated by Bland and Altman(29). All statistical
analyses were performed using P<0·05 as significant, with
the statistical software packages IBM SPSS Statistics version
22.0 and SAS version 9.4.

Results

Anthropometric, blood pressure and behavioural variables
at baseline and after the intervention are shown in Table 1.
Mean compliance with intervention sessions was 86·6%, and
the mean heart rate over the 12-week intervention was 158·0
(SD 4·3) beats/min. Participation in the intervention resulted
in significant reductions in weight (−1·2%, P=0·042), BMI
and BMI percentile (−2·0 and −0·4%, respectively, P<0·001),
body fat (−7·0%, P=0·025) and waist circumference (−1·9%,
P=0·025), while systolic and diastolic blood pressure did not
change significantly. Significant increases were observed in
VO2max (6·4%, P<0·001) and dietary intake of fresh fruits
and vegetables (42·4%, P=0·025).

Cardiometabolic risk biomarkers are presented in
Table 2. Significant reductions were observed for 2-h
glucose concentration (−19·2%, P< 0·001), fasting (−17·6%,
P=0·008) and 2-h insulin (−54·9%, P<0·001) and HOMA-IR
(−19·8%, P= 0·015). Most fasting serum lipid measure-
ments were significantly decreased, including TAG
(−11·8%, P= 0·032), total cholesterol (−5·0%, P= 0·002),
VLDL-C (−12·5%, P= 0·029), HDL-C (−4·0%, P= 0·022)
and non-HDL-C (−6·7%, P= 0·0007).

Changes in oxidized lipoproteins are shown in Fig. 1.
OxLDL was significantly decreased after the intervention
(51·0 (SD 14·0) v. 48·7 (SD 12·8) U/l, P= 0·022), while a
trend towards significance was observed for increase in
oxHDL after the intervention (395·2 (SD 94·6) v. 416·1
(SD 98·4) ng/ml, P= 0·056).

The correlation coefficients using within-subject design
adjusted for sex were computed with changes in oxLDL
and changes in oxHDL as dependent variables and
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changes in BMI, body fat, VO2max and intake of fruits and
vegetables as independent variables (Table 3). Changes in
oxidized lipoproteins following the intervention were
not significantly correlated with changes in adiposity or
behavioural measures.

Discussion

The results of the present study suggest that a lifestyle
intervention can significantly reduce oxLDL concentration
among obese Latino adolescents with prediabetes. In
addition, there was a trend for oxHDL concentration to
increase following the lifestyle intervention. These changes

were coupled with decreases in weight, BMI, waist
circumference and percentage body fat, as well as with
improvements in markers of lipid panel and glucose
metabolism.

Studies have shown that obese children have higher
concentrations of oxLDL than normal-weight children, and
higher oxLDL concentrations have been significantly
associated with elevated BMI, body fat, visceral fat and
waist circumference(30). Few studies have focused on a
paediatric population at high risk for T2D. Stringer et al.
compared oxLDL concentrations in adolescents with T2D
with those of either age-, gender- and BMI-matched
(obese) adolescents or unmatched normal-weight con-
trols. Concentrations of oxLDL were significantly higher in

Table 1 Age and changes in anthropometrics, blood pressure and behavioural
variables after the lifestyle intervention among thirty-five obese Latino adolescents
(eighteen boys, 51%; seventeen girls, 49%) with prediabetes*

Pre (n 35) Post (n 35)

Variable Mean SD Mean SD % Change P value

Age (years) 15·5 1·0 15·8 1·0 1·9 –

Weight (kg) 97·4 16·7 96·2 17·3 −1·2 0·042
Height (cm) 166·6 8·2 167·4 8·6 0·5 <0·001
BMI (kg/m2) 35·0 4·9 34·3 4·9 −2·0 <0·001
BMI percentile 98·5 1·2 98·1 1·9 −0·4 0·001‡
Body fat (%) 46·0 7·9 42·8 6·8 −7·0 0·025
Waist circumference (cm) 110·2 10·4 108·1 10·9 −1·9 0·025
Systolic blood pressure (mmHg) 127·1 16·5 126·1 10·9 −0·8 0·696
Diastolic blood pressure (mmHg) 73·7 9·3 72·2 7·0 −2·0 0·204
VO2max† (ml/kg per min) 29·7 5·0 31·6 4·7 6·4 <0·001
Absolute VO2max† (ml/min) 2906·5 575·0 3041·1 500·0 4·6 0·003
Fruit and vegetable intake (g/d) 116·4 97·0 165·8 91·0 42·4 0·025

*Data are shown as raw data.
†n 32.
‡Non-parametric Wilcoxon signed-rank test.

Table 2 Changes in cardiometabolic risk biomarkers after the lifestyle intervention
among thirty-five obese Latino adolescents (eighteen boys, 51%; seventeen girls,
49%) with prediabetes*

Pre (n 35) Post (n 35)

Variable Mean SD Mean SD % Change P value

Fasting glucose (mmol/l) 4·8 0·4 4·7 0·4 −2·1 0·655
2-h Glucose (mmol/l) 7·8 0·7 6·3 1·7 −19·2 <0·001
Fasting insulin (pmol/l) 232·7 279·9 191·7 243·8 −17·6 0·008†
2-h Insulin (pmol/l) 2695·4 1145·2 1216·1 969·5 −54·9 <0·001‡
HOMA-IR 8·1 9·9 6·5 8·3 −19·8 0·015†
TAG (mmol/l) 1·7 0·8 1·5 0·8 −11·8 0·032‡
Total cholesterol (mmol/l) 4·0 0·8 3·8 0·8 −5·0 0·002
VLDL-C (mmol/l) 0·8 0·4 0·7 0·4 −12·5 0·029‡
LDL-C (mmol/l) 2·2 0·6 2·1 0·6 −4·5 0·119
HDL-C (mmol/l) 1·02 0·2 0·97 0·2 −4·0 0·022
Non-HDL-C (mmol/l) 3·0 0·8 2·8 0·8 −6·7 0·007

HOMA-IR, homeostasis model assessment of insulin resistance; VLDL-C, VLDL-cholesterol;
LDL-C, LDL-cholesterol; HDL-C, HLDL-cholesterol; non-HDL-C, non-HDL-cholesterol.
*Data are shown as raw data.
†P value using inverse-transformed data.
‡P value using log-transformed data.
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T2D and obese adolescents compared with normal-weight
controls(31). Similarly, Dasari et al. compared oxLDL con-
centrations in sedentary adolescents who were healthy
weight, obese or type 2 diabetic, and found that oxLDL
concentrations were higher in T2D and obese adolescents
compared with controls(32). Findings from these cross-
sectional studies suggest that oxLDL concentration is
higher in adolescents with obesity and/or T2D.

Several studies have reported reductions in oxLDL in
response to lifestyle intervention among obese adolescents,
but none have included adolescents with prediabetes.
Kelishadi et al.(33) evaluated the effects of a 6-week lifestyle

programme among obese children and showed significant
decreases in oxLDL, BMI, waist circumference and percen-
tage body fat. In a previous pilot study among fifteen over-
weight and obese Latino adolescents with normal glucose
tolerance(34), we reported that lifestyle intervention (nutrition
and exercise) led to a significant reduction in oxLDL that was
independent of changes in weight. In contrast, Kelly et al.(35)

reported that 8 weeks of exercise without dietary changes
failed to elicit significant change in oxidative stress among
nineteen overweight children.

It has been reported that a greater fat mass results in a
higher degree of oxidative stress and that reducing adipose
depots may result in a decrease in oxidative stress(36,37).
Therefore, decreased adiposity and improved glucose reg-
ulation may ameliorate the overproduction of oxidative stress
biomarkers, as suggested by the lower concentration of oxLDL
observed after the lifestyle intervention.

Regarding oxHDL in human subjects, its role in
atherogenesis is not clear as the limited number of studies
available are contradictory and results remain inconclusive.
In cross-sectional studies, obese adult females showed
sixfold higher oxHDL concentrations compared with those
of normal weight(38), and higher concentrations of oxHDL
were reported in obese T2D children compared with their
obese and normal-weight peers(12). Conversely, in a cross-
sectional study of 1395 Finnish adults, oxHDL lipoproteins
were inversely associated with age and directly with oxLDL
lipoproteins, and additionally in men were associated
inversely with insulin, whereas in women with waist cir-
cumference. The authors concluded that an elevated risk
profile was associated with lower oxHDL concentration(13).
In a randomized controlled trial of sedentary women,
6 months of aerobic exercise training significantly increased
concentration of oxHDL by 5% and the ratio oxHDL:HDL
by 5%, while participants randomized to the control group
exhibited significant decreases in oxHDL and oxHDL:HDL
(2 and 1·5%, respectively). Results suggested that oxHDL
has an active role in the reverse transport of lipid per-
oxides(39). These findings along with the observed non-
significant increase in oxHDL concentration found in the
present study may suggest the possibility that oxHDL plays
an important role protecting LDL from oxidation or to
remove oxidized lipids from LDL.

The anti-atherogenic properties for oxHDL have been
proposed to work through different mechanisms, such as
the inhibition of TNF-α(10), inhibition of smooth muscle
cell proliferation and migration(11), as well as depletion of
the regulatory pool of cholesterol available for esterifica-
tion by acyl-CoA:cholesterol acyltransferase(40). Further,
Gao et al.(41) found that mild HDL oxidation promoted
remodelling of human HDL in vitro, which may enhance
HDL function including lipid exchange from LDL. In
hepatic rodent tissue perfused with HDL containing oxi-
dized lipids (hydroperoxides), a faster removal of oxidized
lipids was observed compared with non-oxidized lipids and
enhanced reduction of oxidized lipids associated with HDL
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Fig. 1 Oxidized lipoproteins after the lifestyle intervention
among thirty-five obese Latino adolescents (eighteen boys,
51%; seventeen girls, 49%) with prediabetes; values are
means with their standard deviations represented by vertical
bars. (a) Oxidized LDL (oxLDL), mean 51·0 (SD 14.0) U/l pre v.
48·7 (SD 12·8) U/l post, P= 0·022; (b) oxidized HDL (oxHDL),
mean 395·2 (SD 94.6) ng/ml pre v. 416·1 (SD 98·5) ng/ml post,
P= 0·056

Table 3 Within-subject correlations between changes in oxidized
lipoproteins and changes in adiposity, fitness and fruit and vege-
table intake, adjusted for sex, among thirty-five obese Latino ado-
lescents (eighteen boys, 51%; seventeen girls, 49%) with
prediabetes

Dependent
variable

Independent
variable

Correlation
coefficient (r)

P
value

Oxidized LDL BMI 0·33 0·09
Body fat 0·05 0·80
VO2max −0·13 0·57
Fruit and vegetable intake −0·23 0·22

Oxidized HDL BMI 0·60 0·94
Body fat −0·03 0·89
VO2max −0·14 0·44
Fruit and vegetable intake 0·19 0·31
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remnants was observed. In contrast, LDL-hydroperoxides
were neither removed nor reduced, in support of a possible
role for HDL in the detoxification of circulating lipid
hydroperoxides(42). Similarly, experiments in rats found an
increased selective uptake both in vivo and in vitro of
oxidized cholesteryl esters from HDL by hepatic par-
enchymal cells, compared with non-oxidized cholesteryl
esters, and this selective uptake was coupled to a rapid
biliary secretion pathway. These results suggest that HDL
works as an efficient protection system against potentially
atherogenic oxidized cholesteryl ester hydroperoxides(43).

Although animal studies do not necessarily simulate
human intervention studies, it is possible that compensatory
mechanisms in response to the intervention provoke increases
in oxHDL in an attempt to prevent and decrease the athero-
sclerotic risk promoted by LDL-oxidized lipids and other
oxidants(39). Within this hypothesis, it is plausible that oxHDL
concentration is a reflection of oxidized lipids that are being
removed from LDL as an indication of the lipid peroxide
transporting function(44). Data from the present intervention
suggest that our lifestyle intervention may reduce the athero-
genic risk of obese Latino adolescents through significant
reduction in oxLDL. The hypothesis for increased oxHDL
concentration after the lifestyle intervention contributing to
reduction in oxLDL requires further investigation.

During the present intervention, significant increases in
behavioural variables were observed, including fitness and
fruit and vegetable consumption. Cross-sectional studies
have shown that dietary patterns characterized by a high
intake of fruits and vegetables are associated with lower
oxidative stress measured by oxLDL, urinary 8-iso-
prostaglandin F2α and 8-hydroxy-20-deoxyguanosine(45),
as well as higher plasma total antioxidant capacity and
glutathione peroxidase activity(46). In adolescents, urinary
F2-isoprostane, a marker of oxidative stress, was inversely
correlated with intakes of total fruits and vegetables, vitamin
C, β-carotene and flavonoids(47). With regard to interven-
tions, a 1-year dietary intervention that promoted consump-
tion of fruits and vegetables found that plasma antioxidant
capacity, measured as oxygen radical absorbance capacity,
was significantly correlated with estimated daily intake of
total antioxidants from fruits and vegetables(48). In the pre-
sent intervention, a significant increase in fruit and vegetable
intake was observed together with a significant decrease in
oxLDL and increase in oxHDL; however, correlations
between these changes were not observed.

An important aspect of the present investigation is the
potential role of sex and sex hormones on changes in
oxidized lipid concentrations during adolescence. It is well
established that adult men and women exhibit significant
differences in lipoprotein concentrations(49) and lipid
metabolism(50). The sexual dimorphism in lipoprotein
concentrations emerges early in life where boys and girls
exhibit different trajectories for HDL-C and LDL-C
throughout adolescence(51). There are also data to sug-
gest that oxidative status differs by sex whereby women

may be less susceptible to oxidative stress, which may
partially explain sex differences in CVD(52). There is a
dearth of data examining sex differences in markers of
oxidative stress in the paediatric population. In our data
set, boys and girls were not significantly different at
baseline in mean concentration of oxLDL (boys 53·5
(SD 15·4) U/l v. girls 48·4 (SD 12·2) U/l; P= 0·76) or oxHDL
(boys 390·3 (SD 88·2) ng/ml v. girls 400·4 (SD 103·5) ng/ml;
P= 0·29). While there was no significant sex difference for
mean change in oxLDL following the intervention (boys
−1·2 (SD 4·7) U/l v. girls −3·5 (SD 7·4) U/l; P= 0·29), oxHDL
was significantly more increased in boys than in girls fol-
lowing the intervention (boys 45·1 (SD 77·4) ng/ml v. girls
−4·7 (SD 66·7) ng/ml; P= 0·05). Although our study was not
designed to examine sex differences in these markers, this
interesting observation should be explored further in
future lifestyle intervention studies. These studies should
also consider whether hormonal changes during develop-
ment of the menstrual cycle impact lipoprotein metabolism
and oxidative stress as these factors were not controlled for
in the present analysis.

We acknowledge several limitations of the present
analysis that are worthy of comment. First, the lack of a
control group limits the generalizability, interpretation and
potential application of the results from the study. Fur-
thermore, hyperglycaemia secondary to type 1 diabetes
often presents during adolescence, so failure to obtain
autoantibodies to distinguish type 1 diabetes risk from
T2D risk is a limitation. Another limitation is the daily
variability of the lipid panel outcome measures. We
attempted to reduce within-person variability through
collecting fasting samples and recommending a standard
low-fat diet on the day before testing. However, given that
post-intervention testing was performed within 24–48 h
after the last intervention session, the potential acute effect
of the last exercise bout may have influenced the observed
outcomes. An additional limitation was the use of self-
reported dietary intake data from an FFQ. Finally, findings
from the present study must be taken in the context of the
small sample size and the known challenges of accurately
assessing changes in dietary intake in adolescents(53).

Conclusion

In summary, the present intervention showed a significant
decrease in oxLDL concentration and a non-significant
increase in oxHDL concentration in obese Latino adoles-
cents with prediabetes, coupled with improvements in
adiposity and cardiometabolic outcomes. Moreover,
behavioural outcomes such as dietary intake of fresh fruits
and vegetables and fitness were significantly increased but
were not associated with changes in oxidized lipoproteins.
Collectively, these findings support the utility of lifestyle
intervention to improve the atherogenic phenotype of
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Latino adolescents who are at high risk for developing
premature CVD and T2D.
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