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A B S T R A C T

Objectives: Lifestyle, obesity, and eating habits are emerging as determinants for the instability of telomeres.
The increase in childhood and adolescent obesity and the association of biochemical profiles and dietary
components with telomere length (TL) makes it an important issue in nutritional research. The aim of the
present study was to investigate TL and its association with ethnic background, adiposity, clinical and bio-
chemical parameters, and dietary patterns among Brazilian children and adolescents.
Methods: A cross-sectional study encompassing 981 children and adolescents between 7 and 17 y of age was
performed. Dietary intake habits, anthropometry, and clinical data were collected. TL analysis was performed
by quantitative polymerase chain reaction.
Results: Children presented significantly longer TL than adolescents (P = 0.046). Participants who self-declared as
black, mulatto, or brown (P < 0.001) also showed longer TL than those who were white. Regarding biochemical
parameters, individuals with altered glucose levels had shorter TL than normoglycemic participants in the total
sample (P = 0.014). Such difference remained statistically significant in adolescents (P = 0.019). Participants who
reported eating fruits and vegetables regularly had longer TL than those who did not (P < 0.001).
Conclusion: The results suggested that both biochemical parameters and the intake of antioxidant-rich food,
such as fruits and vegetables, are associated with the stability of telomere biology among young Brazilians.

© 2019 Elsevier Inc. All rights reserved.
Keywords:

Telomere
Eating habits
Adiposity
Children
Adolescents
om the Coordination of Improve-
ational Council for Scientific and
undation for Research Support of
his study was completed in part-
Biomedical Research in Physiopa-
DEA Food, Madrid.

Fax: +55 51 9335 7393.
m).

.

Introduction

Telomeres are nucleoprotein structures composed primarily of
TTAGGG tandem repeats that protect the end of chromosomes main-
taining the stability of the genome [1]. They become shorter in each
cell division and decline with age [2]. It has been reported that lifestyle
factors such as diet or physical activity may play an important role in
modulating leukocyte telomere length (TL) [3], and shorter telomeres
have been observed in individuals with cardiovascular and neurode-
generative diseases, diabetes, and cancer [4,5]. Oxidative stress, fol-
lowed by inflammation, seems to be a primary mechanism by which
telomere shortening occurs in such diseases [6].

The prevalence of obesity is rapidly increasing worldwide, with
high significance for children and adolescents [7], and often is
associated with chronic inflammation, altered biochemical indica-
tors, oxidative stress, and higher cardiovascular biomarkers [4,8].
Shorter telomeres are associated with multiple biochemical stres-
sors and obesity in adults and, therefore, may represent a cumula-
tive index of risk factors [4]. Moreover, common unhealthy
lifestyle habits such as smoking, sedentarism, and unhealthy eating
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patterns are emerging as determinants for telomere maintenance
instability [9].

Recent studies have shown that high intake of vegetables and
fruits [9] and increased intake of v-3 fatty acids [10] are associated
with longer TL. On the other hand, higher intakes of saturated fatty
acids [9] or processed meats [11] have been associated with telo-
mere shortening. From this scenario, it has been suggested that an
antioxidant-rich diet can help to maintain telomeres and therefore
retard biological aging [9].

To our knowledge, few studies have focused on TL in the young
population and no Brazilian study has evaluated TL in children and
adolescents regarding measures of adiposity, biochemical parame-
ters, and diet. Therefore, the present study aimed to investigate TL
and its association with adiposity, clinical and biochemical param-
eters, and dietary pattern in Brazilian children and adolescents.

Materials and methods

Study population and design

We recruited 981 children and adolescents between 7 and 17 y of age from the
School Health study: Phase III (Santa Cruz do Sul, Rio Grande do Sul, Brazil). The
School Health study is a lifestyle education program supported by a multidisciplin-
ary team of dietitians, nurses, pharmacists, physiotherapists, and physical educa-
tors from the University of Santa Cruz do Sul (UNISC). Those between 7 and 9 y of
age were classified as children, and adolescents were those between 10 and 17 y.
Study protocols were carried out in accordance with the ethical standards estab-
lished by the Declaration of Helsinki. This cross-sectional research study was
approved by the Research Ethics Committee of the UNISC and by the Federal Uni-
versity of Health Sciences of Porto Alegre (UFCSPA).

A written consent was obtained from parents or guardians before the begin-
ning of the study. Students or parents were interviewed face-to-face and a ques-
tionnaire regarding students’ demographic data (age, ethnicity, sex, etc.), lifestyle
habits (practice of physical activity, hours of sleep per night, etc.), and eating pat-
terns was administered. Questions related to eating habits were adapted from
Nahas et al. [12]. The following questions were investigated:

1. How often do you eat red meat? (never or once, 2 to 3 times, or 4 to 5 times a
week)

2. How often do you eat fish? (never or once, 2 to 3 times, or 4 to 5 times a week)
3. Your daily diet includes at least 5 servings of fruits and vegetables (never/occa-

sionally or very frequently/always)
4. Do you avoid eating fatty foods (fats, fried foods) and sweets? (never/occasion-

ally or very frequently/always)

Family income and parents’ educational level were classified according to the
criteria of the Brazil Economic Classification [13].

Brazil has a mixed ethnic population [14], thus, participants’ ethnicity deter-
mination was done according to Parra et al. [15], based on an evaluation of the fol-
lowing phenotypic characteristics: skin color in the medial part of the arm, color
and texture of hair, and the shape of the nose and lips. Blood samples were col-
lected via venipuncture by an authorized professional after 12 h of fasting. The col-
lections were carried out from 2014 to 2015.

Anthropometric and clinical measurements

Height (m) and body weight (kg) were measured using a Welmy scale with a
coupled stadiometer (Welmy, Santa B�arbara D'Oeste-SP, Brazil). Body mass index
(BMI) was obtained for each participant according to the formula BMI = weight/
height2 (kg/m2). Criteria established by the World Health Organization were fol-
lowed for the variable BMI Z-score [16], where �+1 SD, normal; >+1 SD, over-
weight; and >+2 SD obesity.

Waist circumference (WC) was obtained using a measuring tape. The parame-
ters established by Taylor et al. [17] were followed for classification as normal per-
centile circumference �80 cm and altered percentile >80 cm. Body fat percentage
(BF%) was measured using a Lange (Beta Technology Incorporated, Atlanta, Geor-
gia, USA) compass to measure triceps and subscapular cutaneous folds. After, the
equation of Slaughter et al. [18] was applied and the values were classified accord-
ing to the criteria established by Lohman [19]: normal (boys <20%, girls <25%)
and high (boys �20%, girls �25%).

The systolic and diastolic blood pressure (SBP and DBP, respectively) measure-
ments were obtained using the auscultatory method, with previously calibrated
instruments, respecting the width-to-length ratio of 1:2 for each arm circumfer-
ence. Values in the <90 percentile were classified as normotensive; 90 to 95
percentiles, as borderline; and �95 percentile as arterial hypertension, according
to the VI Brazilian Guidelines for Hypertension [20].

Biochemical profile considered total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triacylglycerols (TG), and
glucose. Commercial kits from Kovalent (Kovalent do Brasil, Ltd.a S~ao Gonçalo, Rio de
Janeiro) were used to assess TC, HDL-C, TG, and glucose. LDL-C values were obtained
using Friedewald equation [21]. TC, LDL-C, and TG were classified as normal and high
(TC >199.9 mg/dL, LDL-C >129.9 mg/dL, TG >99.9 mg/dL for those <9 y and
>129.9 mg/dL for those >10 y), whereas HDL-C was classified as normal and low
(<39.9 mg/dL) [22]. The lipid change variable (TC, HDL-C, LDL-C, and TG) was classi-
fied into two categories: a group presenting one to two alterations or three to four
lipid alterations. Glucose was considered normal at <99 mg/dL [23].

Telomere length assessment

Ethylenediaminetetraacetic acid-anticoagulated whole blood was used for
DNA extraction by salting out [24], using a standardized protocol that helps pre-
serve its stability. DNA was then quantified using a NanoDrop 2000 c spectropho-
tometer unit (Thermo Fisher Scientific, Wilmington, DE, USA). TL was measured
on genomic DNA using real-time polymerase chain reaction as described by Caw-
thon [25]. This method measures (T) and a single-copy gene (Ribosomal Protein
Large PO - RPLPO) as reference (S), for each sample.

For T and S reactions, quantitative PCRs were performed separately on 384-
well paired plates in the 7900 HT system (Applied Biosystems, Foster City, CA,
USA). Total reaction volume was 10 mL, containing 10 ng of genomic DNA and
Sybr Green PCR Kit (Qiagen, Valencia, CA, USA) was used as master mix. Telomere-
to S-ratio (T/S) was normalized as follows:

2CT telomeresð Þ=2CT single copy geneð Þ
h i

¼ 2�DCT

A calibration curve of a DNA reference sample (64-0.25 ng in twofold dilu-
tions) was included for each measurement as standard, to control day-to-day vari-
ability. A standard curve with linearity R2 >0.98 was accepted. For quality control,
all samples were analyzed in triplicate and verified for agreement among the val-
ues in triplicate. Samples that presented high variation (>10%) were reanalyzed.
Intra-assay coefficient of variation (CV) among the triplicates was 1.5% and inter-
assay CV between the plates was 3.7%, which supports the power of this proce-
dure. To avoid thawing cycles, qPCR plates containing telomere and normalizing
gene primers were run on the same day.

Statistical analyses

A descriptive analysis stratified by sex was performed. Subsequently, clinical,
sociodemographic, anthropometric, and biochemical means were analyzed in rela-
tion to TL, stratifying the children and adolescents in the total sample and by age
group. Pearson correlation and t test were used to analyze relative TL (T/S ratio)
among children and adolescents and age, respectively. General linear model test
was used to test the association of TL and anthropometric and biochemical data
and eating behavior. Analyses were performed adjusting TL for age, sex, ethnicity,
and family income in total sample and for sex, family income, and ethnicity when
children and adolescents were separately evaluated. Statistical analyses were per-
formed using SPSS version 23 for Windows (SPSS, Chicago, IL, USA). P < 0.05 was
considered statistically significant.

Results

Table 1 shows the main characteristics of the 981 participants
stratified by sex. Of the participants, 42% were overweight or obese
according to the categorization performed through BMI Z-score.
Among the anthropometric characteristics, girls presented a higher
BF% mean (23.1§ 6.5; mean§ SD) when compared with boys (17.4
§ 8.1, P < 0.001). Both SBP and DBP, in addition to TL, did not differ
between boys and girls. Among the biochemical parameters ana-
lyzed, girls showed significantly higher levels of LDL-C and TG
(86.7 § 28.3 versus 82.4 § 26.8 mg/dL, P = 0.017; 77.4 § 35.9 ver-
sus 68.6 § 34 mg/dL, P < 0.001, respectively) than boys. On the
other hand, when compared with girls, boys had higher levels of
HDL-C (65.9 § 11.5 versus 63.6 § 11 mg/dL, P = 0.001) and glucose
(90 § 7.5 versus 87.7 § 12.6 mg/dL, P = 0.001).

Figure 1 shows that children presented slightly longer TL than
adolescents (P = 0.046). Additionally, when both groups were ana-
lyzed together, there was an inverse correlation between age and
TL (r = �0.083, P = 0.009; Fig. 2). However, when stratified, such
correlation remained significant only for children (P = 0.04; data



Table 1
Characteristics of the sample stratified by sex

n Girls
(n = 549)

n Boys
(n = 432)

P-value

Children, 7�9 y; n (%) 111 (20.2) 108 (25)
Adolescents, 10�17 y;
n (%)

438 (79.8) 324 (75)

BMI Z-score 550 0.75 § 1.25 431 0.90 § 1.26 0.061
WC, cm 550 66.5 § 10.1 431 67.7 § 11 0.088
BF% 550 23.1 § 6.5 431 17.4 § 8.1 <0.001
SBP, mm Hg 550 107 § 15.6 431 107 § 16.3 0.935
DBP, mm Hg 550 66.4 § 11 431 65.4 § 11 0.165
TC, mg/dL 546 165.8 § 31.9 427 161.9 § 29.5 0.052
LDL-C, mg/dL 546 86.7 § 28.3 427 82.4 § 26.8 0.017
HDL-C, mg/dL 546 63.6 § 11 427 65.9 § 11.5 0.001
TG, mg/dL 546 77.4 § 35.9 427 68.6 § 34 <0.001
Glucose, mg/dL 546 87.7 § 12.6 427 90 § 7.5 0.001

BF%, body fat percentage; BMI, body mass index; DBP diastolic blood pressure; HDL-
C, high- density lipoprotein cholesterol; LDL-C low-density lipoprotein cholesterol;
SBP, systolic blood pressure; TC, total cholesterol; TG, triacylglyceride; WC, waist
circumference.
All values mean § SD unless otherwise noted.
n, number of participants.
Values in bold, P < 0.05.

Fig. 2. Pearson correlation between relative telomere length (T/S ratio) and age for
the entire population of children and adolescents.
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not shown). Association analysis of TL with ethnicity, anthropo-
metric, clinical and biochemical parameters for the total sample
and according to age groups is described in Table 2. Participants
who self-declared as black/mulatto/brown showed longer TL than
those who identified as white (1.18 § 0.57 versus 1.05 § 0.42, P <

0.001). Regarding biochemical parameters, participants who pre-
sented altered glucose levels had shorter TL than normoglycemic
individuals (0.93 § 0.38 versus 1.10 § 0.47, P = 0.014). Such differ-
ence remained statistically significant in adolescents (0.93 § 0.40
versus 1.08 § 0.44, P = 0.019). There was a trend of shorter telo-
meres in the total sample (P = 0.059) and in adolescents (P = 0.056)
with three to four lipid alterations.

Results of the association of TL with eating habits are shown in
Table 3. Children who reported that they always or very frequently eat
fruits and vegetables had longer TL than those who did not (1.17 §
0.52 versus 1.06 § 0.45, P < 0.001). This result was also seen among
adolescents (1.19 § 0.53 versus 1.04 § 0.41, P < 0.001). Although not
statistically significant, therewas a trend of longer TL in those individu-
als who consumed fish four to five times per week ormore.

Discussion

Although shorter telomeres had already been associated with
adiposity measurements [26], cardiovascular risk [4], and diet [27],
only a few studies have associated clinical and biochemical profiles
Fig. 1. Relative telomere length (T/S ratio) for children and adolescents. Unpaired t test.
with TL in children and adolescents. In the present study, we
observed that adiposity parameters and blood pressure measure-
ments were not associated with TL, whereas glucose levels were.
There was a trend toward association between higher lipid score
and shorter TL in the sample studied. Age was inversely associated
with TL, and those who self-declared as black/mulatto/brown
showed longer TL than white children and adolescents.

Telomeres are major markers of cellular and biological aging. Its
shortening depends on exposure related to physiologic, patho-
physiologic, and epigenetic effects [28]. In the present study, chil-
dren had longer telomeres than adolescents. Previous data have
demonstrated that TL inversely correlates with age. In a cohort
study of >100 000 participants, TL was shown to decrease with
increasing age [29]. Although the present investigation studied
this correlation in children and adolescents, it is already possible
to observe the influence of age on telomere shortening. This result
shows the importance of knowing the external factors that acceler-
ate telomere shortening from an early age and subsequently, to
identify preventive strategies that are directly associated with the
development of chronic diseases and early aging.

Similar to our results, Dong et al. [30] also observed longer TL in
black compared with white adolescents. Interestingly, in an obser-
vational study, London school children between 8 and 9 y of age
were evaluated regarding air pollution, ethnicity, and TL. Regard-
less of other parameters, children reported as black had longer
telomeres [31]. Polygenetic adaptation is suggested to influence
the longer telomeres observed in Africans compared with Euro-
peans, which may also explain, at least in part, ethnic differences
in risks for human diseases that have been associated with TL [32].

A study performed in U.S. children and adults showed that telo-
mere shortening was associated with BMI, WC, age, lipid profile,
smoking, and metabolic risk factors [33]. A recent research in a U.S.
adult population revealed that leukocyte TL was associated with
adiposity and was a strong predictor of cardiovascular disease [4].
Telomere maintenance was also associated with HDL-C, TGs, insu-
lin resistance, blood pressure measurements, proinflammatory
marker (C-reactive protein), and adiposity measurements (BMI,
WC, and BF%) [4]. In the present study, biochemical parameters
showed an association with TL, particularly in adolescents. The
present study demonstrated that those with altered glucose levels
had lower TL. The same was observed in a study with non-diabetic
adults from Sweden [34]. A biological explanation for this associa-
tion suggests that telomere wear may play an important role in the
pathogenesis of type 2 diabetes, increasing the likelihood of b-cell



Table 2
Telomere length results associated with ethnicity and clinical, anthropometric, and biochemical parameters

n All P-value* n Children (7�9 y) P-valuey n Adolescents (10�17 y) P-valuey

Skin color <0.001z 0.008z 0.009z

White 736 1.05 § 0.42 174 1.09 § 0.45 562 1.04 § 0.42
Black/mulatto/brown 245 1.18 § 0.57 45 1.33 § 0.80 200 1.14 § 0.50

SBP, mm Hgx 0.570 0.541 0.431
Normal 780 1.08 § 0.48 187 1.15 § 0.54 593 1.07 § 0.45
High 200 1.09 § 0.42 31 1.09 § 0.57 169 1.09 § 0.40

DBP, mm Hgx 0.210 0.116 0.465
Normal 803 1.10 § 0.48 199 1.16 § 0.55 608 1.08 § 0.46
High 171 1.03 § 0.38 99 0.94 § 0.47 154 1.04 § 0.37

BMI Z-score|| 0.795 0.425 0.992
Low/Normal weight 619 1.08 § 0.45 100 1.17 § 0.54 465 1.07 § 0.44
Overweight/Obesity 362 1.09 § 0.50 119 1.11 § 0.55 297 1.07 § 0.45

WC, cm{ 0.897 0.404 0.672
Normal 777 1.09 § 0.46 165 1.16 § 0.56 612 1.07 § 0.44
Altered 204 1.08 § 0.48 54 1.08 § 0.51 150 1.07 § 0.47

BF% 0.866 0.652 0.824
Normal 638 1.09 § 0.47 163 1.15 § 0.55 475 1.07 § 0.44
High 343 1.07 § 0.46 56 1.11 § 0.55 287 1.07 § 0.44

TC, mg/dL# 0.303 0.388 0.453
Normal 548 1.10 § 0.48 128 1.17 § 0.61 420 1.08 § 0.42
High 424 1.06 § 0.46 89 1.09 § 0.44 335 1.06 § 0.46

LDL-C, mg/dL** 0.547 0.542 0.708
Normal 808 1.09 § 0.47 182 1.15 § 0.58 626 1.07 § 0.43
High 164 1.06 § 0.47 35 1.08 § 0.35 129 1.05 § 0.50

HDL-C, mg/dLyy 0.196 0.868 0.144
Normal 962 1.08 § 0.47 215 1.14 § 0.55 747 1.07 § 0.44
Low 10 0.92 § 0.24 2 1.14 § 0.12 8 0.86 § 0.24

TG, mg/dLzz 0.345 0.953 0.365
Normal 692 1.07 § 0.45 142 1.14 § 0.55 550 1.06 § 0.42
High 280 1.10 § 0.51 75 1.14 § 0.54 205 1.09 § 0.49

Glucose (mg/dL)xx 0.014 0.313 0.019
Normal 906 1.10 § 0.47 211 1.14 § 0.55 701 1.08 § 0.44
High 60 0.93 § 0.38 6 0.95 § 0.26 54 0.93 § 0.40

Lipid changes|||| 0.059 0.538 0.056
0�2 changes 891 1.10 § 0.47 201 1.14 § 0.56 696 1.08 § 0.44
3�4 75 0.98 § 0.46 16 1.06 § 0.37 59 0.96 § 0.48

BF%, body fat percentage; BMI, body mass index; DBP diastolic blood pressure; HDL-C, high- density lipoprotein cholesterol; LDL-C low-density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol; TG, triacylglyceride; WC, waist circumference; n, number of participants.
Values in bold, P < 0.05.
*Adjusted by sex, ethnicity, family income, and age.
yAdjusted by sex, family income, and ethnicity.
zNot adjusted.
xSBP and DBP: percentile normal 90�95 and high �95.
||BMI Z-score: Low/normal weight <+1 SD, Overweight/obesity >+1 SD.
{WC (according to sex and age): percentile normal �80 and percentile high >80.
#High TC>199.9 mg/dL.
**High LDL-C >129.9 mg/dL.
yyLow HDL-C <39.9 mg/dL.
zzHigh TG >99.9 mg/dL (<9 y of age) and >129.9 mg/dL (>10 y of age).
xxHigh glucose: �100 mg/dL.
||||Lipid changes: 0�2 and 3�4 changes in lipids dosages.
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senescence, leading to reduced cell mass and decreased insulin secre-
tion [35]. This association reflects a direct detrimental effect of early
andminimal changes in glucosemetabolism and senescence at the cel-
lular level, which is important for the development of new studies.

Eating habits are also associated with TL [9] and, in our study, chil-
dren and adolescents who rarely eat fruits and vegetables presented
shorter telomeres. The increasing number of overweight and obese
individuals and the association of dietary components with TL make
the rise of such a question especially important in nutritional
research. There is evidence that adherence to the Mediterranean diet,
which is rich in plant-derived foods, is associated with longer telo-
meres in adults [36]. A study with Spanish children and adolescents
showed that longer telomeres were associated with a higher antioxi-
dant capacity of the diet [37], and inversely associated with plasma
levels of micronutrients in Australian children [38]. Also, another
study carried out with Finnish adults found that foods with high anti-
oxidant concentration, such as fruits and vegetables, were associated
with longer telomeres [9]. In vivo studies have shown that folate,
vitamin D, v-3 fatty acids, multivitamin use, weight loss by caloric
restriction, and cereal fiber intake are associated with longer telo-
meres, whereas intake of processed and/or red meat and linoleic acid,
are associated with shorter TL as well as obesity [36]. Diet-related
telomere shortening is highly linked to chromosome instability [39]
because enzymes and proteins involved in DNA damage and repair
and in chromosome segregation require micronutrients as a sub-
strate, a cofactor, or an integral part of the enzyme [36].

Shortening of telomeres in blood cells may serve as a biomarker of
cumulative oxidative stress [6], and this may be the explanation for
their association in adolescence, as shown in the results of this study.
In fact, telomeres have been shown to be highly sensitive to oxidative
stress damage due to their high guanine content [40]. It has been sug-
gested that the mechanism involved could be attributed to the damag-
ing action of the hydroxyl radicals, which can cause DNA damage in
telomere length with each replication of hematopoietic stem cells that



Table 3
Association of eating habits with telomere length

Groups of foods* n All P-valuey n Children (7�9 y) P-valuez n Adolescents (10�17 y) P-valuez

Red meat 0.839 0.577 0.936
0�1 192 1.10 § 0.51 59 1.16 § 0.62 133 1.06 § 0.46
2�3 times 268 1.07 § 0.44 65 1.06 § 0.45 203 1.08 § 0.43
4�5 times 520 1.09 § 0.46 95 1.18 § 0.55 426 1.07 § 0.44

Fish 0.279 0.893 0.258
0�1 897 1.08 § 0.47 203 1.14 § 0.55 694 1.07 § 0.44
2�3 times 46 1.01 § 0.45 12 1.07 § 0.54 35 1.00 § 0.42
4�5 times 37 1.15 § 0.50 4 1.10 § 0.21 33 1.16 § 0.53

Fruits and vegetables 0.001 0.883 <0.001
Never/Occasionally 768 1.06 § 0.45 167 1.15 § 0.56 602 1.04 § 0.41
Very frequently/Always 212 1.17 § 0.52 52 1.11 § 0.50 160 1.19 § 0.53

Greasy and sweet foods 0.731 0.479 0.410
Never/Occasionally 734 1.09 § 0.47 165 1.13 § 0.52 569 1.08 § 0.45
Very frequently/Always 246 1.07 § 0.47 54 1.17 § 0.62 193 1.04 § 0.41

n, number of participants.
Values in bold, P < 0.05.
*Per week.
yAdjusted by sex, family income, ethnicity, and age.
zAdjusted by sex, family income, and ethnicity.
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is expressed in shortening of TL. As telomere shortening is induced by a
chronic increase in the systemic load of oxidative stress, it is suggested
that antioxidants can prevent telomeres shortening [41].

In the light of these results, further assessments are needed to
investigate the relationship between TL, cardiovascular biomarkers,
and dietary patterns, including longitudinal and epidemiologic studies.
To minimize small differences between research participants and
potential confounders, adjustments were used in the statistical models
for the current analyses. An advantage of this study was that the disor-
ders associated with chronic obesity did not interfere in the sample, as
the population was composed of children and adolescents with no
major complications. To our knowledge, this was the first study to
show the association of biochemical parameters and dietary habits
with TL in a young Brazilian population. On the other hand, the study
had some limitations. Because participants or their parents self-
reported their dietary intake, there is a possibility of measurement
error. However, a dietitian and nutrition students carefully collected
dietary information through individual sessions and used a previously
validated questionnaire [12]. Therefore, we carefully controlled the
experimental conditions to avoid possible errors, as described.
Conclusions

The present results suggested that both biochemical parameters
and intake of antioxidants from fruits and vegetables are associated
with telomere biology maintenance in young Brazilians. We were able
to corroborate TL as a biomarker of aging and its association with Afri-
can ethnicity. These findings hold the importance of telomere investi-
gation as biomarkers for diseases related to diet and lifestyle habits and
the importance of an adequate intake of antioxidants in the diet. How-
ever, further research is needed to confirm those results.
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