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Abstract: Environmental factors such as diet can affect telomere length (TL) dynamics. However,
the role that children’s and adolescents’ diets play in maintaining TL is not well understood. Thus,
we conducted a systematic review to examine the association between the intake of nutrients, foods,
food groups, and/or dietary patterns and TL in childhood and adolescence. Following the PRISMA
guidelines, we searched MEDLINE via PubMed, Embase, and Cochrane databases and additional
registers and methods. The five selected studies were cross-sectional and conducted in children and
adolescents aged 2 to 18 years. The main results suggest that a higher consumption of fish, nuts and
seeds, fruits and vegetables, green leafy and cruciferous vegetables, olives, legumes, polyunsaturated
fatty acids, and an antioxidant-rich diet might positively affect TL. On the contrary, a higher intake of
dairy products, simple sugar, sugar-sweetened beverages, cereals, especially white bread, and a diet
high in glycaemic load were factors associated with TL shortening. To our knowledge, this is the first
systematic review examining the impact of dietary intake factors on TL in childhood and adolescence.
Although limited, these results are consistent with previous studies in different adult populations.
Further research is needed to ascertain potential nutritional determinants of TL in childhood and
adolescence.

Keywords: foods; nutrients; dietary patterns; antioxidant capacity; telomere dynamics; children;
adolescents

1. Introduction

Telomeres are conserved tandem nucleotide sequences at the ends of chromosomes,
forming a natural protective structure against genome degradation [1]. As a part of the
cellular lifetime, this protective function is progressively lost in each cell division cycle
resulting in a shortening of telomeres due to incomplete DNA replication and telomerase
suppression. This phenomenon is known as the “end replication problem” [1,2]. However,
many other physiological processes and telomere-related factors can trigger telomere
shortening, along with environmental conditions that raise inflammation and oxidative
stress [3]. Although biological ageing can be measured using several biomarkers, telomere
shortening is considered a primary ageing hallmark because of its crucial role in cellular
senescence and organismal ageing [4]. Therefore, telomere length (TL) is widely accepted
to be a reliable biomarker of ageing, morbidity, and mortality [5], remaining one of the
most used ageing biomarkers in clinical and epidemiological studies [5–7]. As such, ageing-
related pathological conditions such as cardiovascular diseases [8], type 2 diabetes [9], or
chronic kidney disease [10] were associated with a shortened TL.
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The research on ageing determinants has revealed that environmental factors such
as stress, physical activity, obesity, or diet, affect health, biological longevity, and TL
dynamics [11]. As oxidative stress strongly influences TL shortening [3], a considerable
part of this literature comprises studies examining the association between TL and a healthy
lifestyle as an antioxidant diet [11]. Some recently published systematic reviews showed
that some antioxidant nutrients [12], the intake of fruits and vegetables [12], and healthy
food patterns such as the Mediterranean diet [12,13] were associated with a longer TL.
In addition, observational studies and randomised controlled trials have suggested that
the ratio between omega-3 and omega-6 can positively impact telomerase activity and
TL [14,15] and that the consumption of nuts and seeds has a protective effect on TL [16,17].

Although epidemiological studies examining TL in adults have shown relevant in-
sights, a growing interest in studying TL at early life stages has emerged in parallel because
of its potential causal role in developing negative consequences in later adult life [18–22].
In addition to being a significant determinant of biological ageing, some researchers have
suggested that TL in childhood shortens much more rapidly than in adulthood, especially
during the first 20 years of life [23,24]. Thus, prenatal and early-life exposure to environ-
mental and lifestyle factors become a critical window for health outcomes in later life. In
this sense, a recent systematic review suggests that the maternal diet consumed during
pregnancy could be associated with modulating offspring’s TL [25]. However, to our
knowledge, no comprehensive systematic review has assessed the effect of dietary intake
in childhood and adolescence on TL.

Given the relevant links between diet and TL dynamics, it is plausible that children’s
and adolescents’ nutrition could play a key role in their TL. Under this premise, this study
attempts to answer the following research question: Does a high intake of nutrients, foods,
food groups, or dietary patterns influence telomere length in children aged 2–18 years
more than a low intake? We adopted the working hypothesis that the intake of certain
nutrients, foods, food groups, or dietary patterns is associated with different telomere
lengths. Therefore, in this systematic review, we aimed to examine the association between
intake of nutrients, foods, food groups, or dietary patterns and TL in childhood and
adolescence.

2. Materials and Methods
2.1. Protocol and Registration

We performed this systematic review methodology using the Preferred Reporting Item
for Systematic Review and Meta-analysis (PRISMA 2020) statement [26]. Before starting the
review, we prepared a protocol describing the review’s rationale, hypothesis, and planned
methods. The protocol of the present systematic review is available in the international
database of prospective register systematic reviews (PROSPERO), and the registration
number is CRD42021266864 (https://www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42021266864).

2.2. Search Strategy

We consulted the following databases for the search and retrieval of all potentially
relevant studies: MEDLINE via PubMed (accessed 17 June 2021), Embase (accessed 13 June
2021), and Cochrane CENTRAL (accessed 13 June 2021). In addition, to identifying un-
published and ongoing studies, we searched the US National Institutes of Health Ongoing
Trials Register (www.ClinicalTrials.gov) (accessed 14 June 2021) and the World Health Orga-
nization (WHO) International Clinical Trials Registry (www.who.int/trialsearch) (accessed
14 June 2021). To obtain a complete picture of all the published literature fulfilling the
purpose of this review, we performed separate searches for each database by using different
combinations of terms. The keywords and search strategies used in each database are
available in the Supplemental Material. Finally, we carried out a snowball search strategy
by reviewing the list of citations of the studies included after the screening and the list of
articles that cite the included study using the Citation Chaser software [27].

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021266864
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021266864
www.ClinicalTrials.gov
www.who.int/trialsearch
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2.3. Eligibility Criteria

To select the potentially eligible studies, research team members used the PICO
(population-intervention–comparator–outcome) criteria for inclusion: “Population” re-
ferred to the following: children who were between 2 and 18 years, of both sexes and any
ethnicity, and restricted to the healthy population. “Intervention” denoted the following:
primary studies or systematic reviews that were assessing nutrients, foods, food, or di-
etary patterns (the exposure) in childhood and/or adolescence. “Comparator” was not
considered as a criterion for selection. “Outcome” referred to the following: children’s or
adolescents’ TL measured by any method. There were no limitations concerning the publi-
cation status of the research (pre-print, post-print, first online, or final), year of publication,
or the language of publication.

2.4. Study Selection

All retrieved articles were imported into the reference management software Zotero
(version 6.0, Corporation for Digital Scholarship, Vienna, VA, USA) and then exported into
the web-based tool PICO Portal (https://picoportal.org/, accessed 25 June 2021), where
duplicated items were removed before the blind peer review screening. D.V.-G., M.H.-P.,
D.P.-B., and E-M.N.-M. screened all titles and abstracts. Then, according to the inclusion
criteria, the authors identified the articles as “included”, “dubious”, and “excluded”,
including the reasons for exclusion. Finally, both the included and dubious articles were
selected for full-text reading.

If there were discrepancies in the inclusion/exclusion process (i.e., screening and
identification), E.B. acted as a third reviewer to make a final choice. Otherwise, the group
helped in making decisions by consensus, if necessary.

2.5. Data Extraction and Synthesis

Data extraction was also performed through a blind peer process. The authors ex-
tracted data from the included articles using a form created for this review and previously
piloted. The information extracted from each article was the following: the article’s title;
the first author; the publication year; the year when the study was conducted; the sample
size; the participants’ sex and age; the details about the intervention or exposure factor; the
information on the comparison group; the outcomes; the results (association measure and
95% interval confidence); the study’s conclusions; the conflicts of interest; and the funding.

The search and selection process results were summarised using a flow diagram
according to the PRISMA 2020 statement [26]. The qualitative synthesis of the characteristics
and findings of the studies included is presented in the tables, in line with the methods
proposed by the Centre for Reviews and Dissemination [28].

2.6. Risk of Bias Assessment

All articles selected for inclusion were cross-sectional studies. E.B. and E.M.N.-M.
made a blinded assessment of each study by applying the Joanna Briggs Institute (JBI)
(Faculty of Health and Medical Sciences, The University of Adelaide, Adelaide, Australia)
tool for appraising analytical cross-sectional studies for use in systematic reviews (available
at: https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_
Analytical_Cross_Sectional_Studies2017_0.pdf, accessed 8 September 2021). This tool
consists of a checklist with eight criteria that can be scored as being “yes” (i.e., met),
“not” (i.e., not met), “unclear”, or “not applicable”. The JBI Analytical Cross-Sectional
Studies Critical Appraisal Tool assesses the study’s methodological quality and covers key
aspects of the risk of bias in cross-sectional studies: (1) the inclusion/exclusion criteria of
the study participants; (2) the study population and setting; (3) the validity of exposure
measurement; (4) the standard criteria used for measurement of the participant condition;
(5) the confounding factors; (6) the strategies to deal with confounding factors; (7) the
outcome assessment validity; (8) the methods of statistical analysis. D.V.-G. assisted in the
assessments when there was a lack of consensus.

https://picoportal.org/
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf
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3. Results
3.1. Retrieval and Selection Process of Studies

Figure 1 displays the flow diagram of the search and screening process. First, we
identified 354 records from three databases, of which 319 were from Medline via PubMed,
17 from Embase, and 18 from Cochrane. Then, after removing duplicate records, 339 were
screened by the title and the abstract. In this part of the process, 321 records were excluded,
137 for not being a part of the target population, 41 for not being intervention/exposure of
interest, 2 for not addressing the outcome of interest, 11 for not being the type of study of
interest, and 130 for other reasons different from the criteria for inclusion. The next step
included 18 articles that were retrieved for a detailed full-text review. Of these, 13 articles
were excluded for not meeting the inclusion criteria: 2 for the study population, 6 for the
intervention, 2 for the outcome, 2 for the type of study, and 1 for other reasons. Finally, five
articles [29–33] were selected for inclusion in this systematic review.

The snowball search yielded 468 additional records for screening, of which 23 were
duplicates. After screening for title and abstract, 428 papers were removed, and 17 were
selected for a full-text review. Fourteen were excluded for not meeting the study criteria:
7 for the study population, 6 for the intervention, and 1 for the outcome. The remaining
three articles were discarded as duplicate records because they were included in the final
selection of the articles retrieved from the databases.
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Figure 1. A flow diagram of the search and screening process for identifying the studies.

3.2. The General Characteristics of the Studies Focused on Dietary Determinants of Telomere
Length in Children and Adolescents

Table 1 shows the main characteristics and findings of the studies included in this
systematic review. All studies had a cross-sectional design, were published between
2015 and 2021, and were conducted on children and adolescents from very culturally
different countries. Although children participating in the studies by Baskind et al. [32]
and Wojcicki et al. [31] were born in the USA, their mothers were of Latin-American origin.
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Overall, the study population comprises 1610 individuals (girls = 941, 58.4% and boys = 669,
41.6%), with ages ranging from 2–3 years to 17–18 years.

Regarding dietary intake assessment, two studies evaluated the usual dietary intake
using an extensive food frequency questionnaire (FFQ) [29,33]. Todendi et al. examined the
consumption of red meat, fish, fruits and vegetables, and fatty foods by adapting several
questions from Nahas et al. [34]. In children aged 2–3, Wojcicki et al. [31] only measured
the frequency of consumption of sugar-sweetened beverages (SSB) during a month. In
girls at 3–5 years of age, Baskind et al. [32] used a specific FFQ to evaluate weekly sugar
intake and fast-food consumption. However, apart from using a large 132-item FFQ, the
study by García-Calzón et al. [33] made a more detailed assessment of dietary intake by
deriving each food item’s nutrient intake, glycaemic load, and the total antioxidant capacity
(TAC) from the FFQ. All the studies used the leukocyte TL (LTL) as the outcome, which
was calculated as a quantitative real-time polymerase chain reaction (qRT-PCR) based on
the method by Cawthon [35,36] and expressed as a relative T/S ratio. For the principal
analysis, all the studies used multiple regression models adjusted by potential confounders,
among which the child’s age and sex were common co-variates.

Table 1. Studies focused on dietary determinants of telomere length in children and adolescents.

Author, Year Country Population Dietary Intake
Assessment

Adjustment for
Confounders Main Findings

Meshkani et al.,
2021 [29] Iran

184 children
aged 5–7

(girls = 106,
boys = 78)

Consumption of foods
measured by a FFQ: dairy

products, red meat, fish, nuts
and seeds, egg, legumes,
white bread and refined

grains, coloured fruits, other
fruits, yellow and orange

vegetables, cruciferous
vegetables, green leafy

vegetables, simple sugar,
solid and liquid fats,

processed meats, potato chips,
carbonated drinks, tea, soft
drinks and olives (never or
once per month, once per

week, and two or three times
per week vs. once per day

and two or three times
per day).

Linear mixed-effect models
were fitted with the food
group as the fixed effect

predictor and PCR plate ID
and kindergartens as the

random effects
Models adjusted by age,
sex, BMI, paternal and

maternal education level,
income, tobacco smoke

exposure at home, illiterate
per cent per census tract,
and unemployed per cent

per census tract.

Dairy products and simple sugar
were associated with a shorter

LTL (β = −0.180; 95% CI: −0.276,
−0.085; p < 0.001 and β = −0.139;
95% CI: −0.193, −0.086; p < 0.001,

respectively).
Fish (β = 0.208; 95% CI: 0.144,

0.272), nuts and seeds (β = 0.105;
95% CI: 0.041, 0.168), coloured
fruits (β = 0.115; 95% CI: 0.047,

0.183), other fruits (β = 0.076; 95%
CI: 0.047, 0.183) green leafy

vegetables (β = 0.098; 95% CI:
0.037, 0.159), cruciferous

vegetables (β = 0.126; 95% CI:
0.067, 0.184), and olives (β = 0.165;

95% CI: 0.108, 0.224) were
associated with a longer LTL

in children.

Baskind et al.,
2021 [32] USA 97 girls

aged 3–5

The weekly consumption of
SSB intake (colas/sodas,
Kool-Aid, non-diet Hi-C,

juices like Capri Sun, Sunny
D, and Tampico); fruit juice
(100% fruit juice-no added
sugar), and flavoured milk

(milk flavourings: chocolate,
strawberry, etc.);

sweets/dessert intake (“cakes,
brownies, muffins, donuts,

cookies”, “candy or
chocolate”, and ice cream

consumption. SSB and sweets
intake were combined into
one sugar intake category.

Fast food consumption was
also measured as “Fast food:

Wendy’s, McDonald’s, Burger
King”. Dietary data were

categorised into
high vs. low intake.

Multivariable models were
adjusted by age, maternal
education, annual house

income, and
maternal smoking.

The levels of sugar intake at 3
years were not associated with

LTL, although all beta (β) values
for the linear regressions were
negative. The high SSB intake
group, which combined the

frequency of consuming soda and
soda-like drinks, juice, and
flavoured milk (β = −0.07;

95% CI: −0.20, 0.06), was similar
to the associations seen in each
individual consumption group.
The combination category that
included both liquid and solid

sources of sugar intake, or a “high
combined sugar intake”, showed

a similar non-significant
association (β = −0.08;

95% CI: −0.22, 0.05). A high
fast-food consumption greater

than once per week did not show
any association (β = −0.06;

95% CI: −0.20, 0.08)
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Table 1. Cont.

Author, Year Country Population Dietary Intake
Assessment

Adjustment for
Confounders Main Findings

Todendi et al.,
2020 [30] Brazil

219 children
aged 7–9

(girls = 111,
boys = 108)

762 adolescents
aged 10–17
(girls = 438,
boys = 324)

The frequency of
consumption of the following

foods based on questions
adapted from

Nahas et al. [34]: red meat
(never or once, 2 to 3 times, or

4 to 5 times a week); fish
(never or once, 2 to 3 times, or
4 to 5 times a week); daily diet
includes at least 5 servings of

fruits and vegetables
(never/occasionally or very

frequently/always); fatty
foods (fats, fried foods), and

sweets (never/occasionally or
very frequently/always).

Analyses were performed
adjusting TL for age, sex,

ethnicity, and family
income (total sample); and
for sex, family income, and
ethnicity (separate models

for children
and adolescents).

Children and adolescents who
reported that they always or very

frequently ate fruits and
vegetables had longer TLs than
those who did not (1.17 vs. 1.06,

p < 0.001). However, when
analysed separately, this result

was only seen among the
adolescents (1.19 vs. 1.04,
p < 0.001). Although not

statistically significant, there was
a trend of a longer TL in those

individuals who consumed fish
four to five times per week

or more.

Wojcicki, et al.,
2018 [31] USA

61 children
aged 2–3

(girls = 31,
boys = 30)

The total number of times
that a child consumes SSB
(defined as soda, Kool-Aid,
Hi-C, sweetened juices, and
other beverages with added

sugar) over a 1-month period
measured continuously.

The model as adjusted by
obesity at 6 months and

2–3 years of age, sex, and
age of telomere collection at

2–3 years.

Consuming higher levels of SSB
was significantly associated with
a reduced LTL (β = −0.009; 95%

CI: −0.02, −0.0008; p = 0.03).

García-Calzón
et al., 2015 [33] Spain

287
participants
aged 6–18

(girls = 158,
boys = 129)

Food consumption was
measured by 132-item FFQ

divided into these food
groups: dairy products, meat

and eggs, fish, fruits and
vegetables, legumes, potatoes
and cereals, nuts, oils and fat,
sweets, and sugar-sweetened

beverages. The
macronutrients

(carbohydrates, protein, and
fats [MUFA, PUFA, SFA])

were estimated in %E. The
TAC value was calculated in

mmol/100 g of food. The
glycaemic load for each item

was calculated as the total
carbohydrate content of each

item weighted by its
glycaemic index.

The model as adjusted by
age, sex, BMI-SDS, and

total energy intake
(Kcal/d). The dietary TAC

and white bread intakes
were separately stratified
into quintiles and means,
and a 95% CI of LTL and
were compared in fully

adjusted models.

A higher TAC and a greater
consumption of PUFA and

legumes were associated with
longer telomere length (β = 0.173,

p= 0.007; β = 0.132, p = 0.032;
β = 0.136, p = 0.019, respectively).
A higher glycaemic load, cereals,

and white bread consumption
were associated with shorter

telomeres (β = −0.395, p = 0.003;
β = −0.201, p = 0.002; β = −0.204,

p = 0.002, respectively).
Those individuals who had a
simultaneously higher dietary
TAC (>8.6 mmol) and a lower

white bread (<60 g/d)
consumption, significantly

presented the longest telomeres
(β = 0.37, 95% CI: 0.09–0.64). The
multivariable-adjusted odds ratio
for very short telomeres was 0.30
for dietary TAC (p = 0.023) and
1.37 for white bread (p = 0.025).

Abbreviations: FFQ, food frequency questionnaire; PCR, polymerase chain reaction; LTL, leukocyte telomere
length; BMI, body mass index; CI, confidence interval; TL, telomere length; SSB, sugar-sweetened beverage; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, Saturated fatty acids; %E, percentage of
total energy intake, TAC, total antioxidant capacity; and BMI-SDS, standard deviation score for body mass index.

3.3. Quality Assessment of the Included Studies

The results of the quality assessment of the cross-sectional studies included in this
systematic review are displayed in Table 2. Using the criteria of the JBI Analytical Cross-
Sectional Studies Critical Appraisal Tool, four of the studies met six out of eight, and one
did five out of eight. However, the criterion that was used for assessing the quality of
the measurement of the participant condition (i.e., A4) was not applicable since the study
population consisted of healthy individuals. In addition, all the studies reported unclear
information about the validity of the dietary intake measures. Two studies [29,33] reported
using a validated FFQ, although the instrument was neither adapted nor validated in the
study population. The other three studies reported neither the accuracy nor the validity of
the measures that they were based on to assess dietary intake. All studies met the criteria
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for the remaining aspects of risk of bias, except for the study by Toddendi et al. [30], in
which the appropriateness of the statistical analysis (i.e., A8) was unclear.

Table 2. Quality assessment of the included studies using the Joanna Briggs Institute Critical Ap-
praisal Checklist for Analytical Cross-Sectional Studies.

Aspects of Risk of Bias in Cross-Sectional Studies

Study A1 A2 A3 A4 A5 A6 A7 A8 Overall Risk
of Bias

Meshkani et al., 2021 [29] yes yes unclear NA yes yes yes yes 6/8
Basking et al., 2021 [32] yes yes unclear NA yes yes yes yes 6/8
Todendi et al., 2020 [30] yes yes unclear NA yes yes yes unclear 5/8
Wojcicki, et al., 2018 [31] yes yes unclear NA yes yes yes yes 6/8

García-Calzón et al., 2015 [33] yes yes unclear NA yes yes yes yes 6/8

Aspects of risk bias: A1, the inclusion/exclusion criteria of the study participants; A2, study population and
setting; A3, validity of exposure measurement; A4, standard criteria used for measurement of the participant
condition; A5, confounding factors; A6, strategies to deal with confounding factors; A7, outcome assessment
validity; and A8, methods of statistical analysis. NA, not applicable.

3.4. Dietary Determinants of Telomere Length in Children and Adolescents

The studies included in this systematic review indicated that certain foods, food
groups, nutrients, and dietary patterns might be major factors for TL dynamics in childhood
and adolescence (Table 1). Regarding foods or food groups, a higher intake of fish (β = 0.208,
95% CI: 0.144, 0.272), nuts and seeds (β = 0.105; 95% CI: 0.041, 0.168), coloured fruits
(β = 0.115; 95% CI: 0.047, 0.183), other fruits (β = 0.076; 95% CI: 0.047, 0.183), green leafy
vegetables (β = 0.098; 95% CI: 0.037, 0.159), cruciferous vegetables (β = 0.126; 95% CI: 0.067,
0.184), and olives—including olive oil—(β = 0.165, 95% CI: 0.108, 0.224) were associated
with a longer LTL in 184 Iranian children aged 5–7 years [29]. Similarly, Todendi et al.
showed that the regular intake of fruits and vegetables, compared with no consumption
or occasional consumption, may be associated with a longer TL (1.17 vs. 1.06, p < 0.001)
in 219 Brazilian children aged 7–9 years and in 762 adolescents aged between 10 and
17 years [30]. However, the analysis stratified by groups indicated that this result was
only observed among the adolescents (1.19 vs. 1.04, p < 0.001). In addition, the study of
287 Spanish participants aged 6–18 years [33] observed an association between greater
consumption of legumes and a longer LTL (β = 0.136, p= 0.019). On the contrary, the study
by Meshkani et al. [29] showed that a higher consumption of dairy products (β = −0.180,
95% CI: −0.276, −0.085; p < 0.001) and simple sugar (β = −0.139; 95% CI: −0.193, −0.086;
p < 0.001) was associated with a shorter LTL. The assessment of SSB in 61 children aged
2–3 years [31] displayed that a higher consumption of these beverages might be associated
with a reduction of LTL (β = −0.009; 95% CI: −0.02, −0.0008; p = 0.03). However, the
assessment of the weekly consumption of sugar and fast food in 97 girls aged 3–5 years
showed no association with LTL [32]. García-Calzón et al. [33] showed that a higher intake
of cereals (β = −0.201, p= 0.002) and white bread (β = −0.204, p= 0.002) were factors
associated with a shorter LTL. Moreover, in the latter study, multiple logistic regression
models disclosed that the consumption of one serving of white bread (i.e., 60 g) per day
might be associated with a risk of having the LTL lower than the 10th percentile (OR = 1.37,
p = 0.025). Regarding specific nutrients or dietary patterns, the only study that examined
such nutritional factors was the study by García-Calzón et al. [33]. The results of this
study showed that a higher dietary TAC (β = 0.173, p = 0.007) and a greater consumption
of polyunsaturated fatty acids (PUFA) (β = 0.132, p = 0.032) might be positive factors
associated with TL. In contrast, the increase in glycaemic load was associated with TL
shortening (β = −0.395, p = 0.003). Moreover, when analysing TAC and white bread
consumption jointly, the results showed that those participants with a higher TAC and who
had consumed less white bread showed the longest LTL (β = 0.37, 95% CI: 0.09–0.64). The
multiple logistic regression analysis indicated that increasing the intake to six mmol of
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dietary TAC might protect against having the LTL lower than the 10th percentile (OR = 0.30,
p = 0.023).

4. Discussion

This systematic review examined for the first time the effect of dietary intake on TL
in childhood and adolescence. It showed that a higher consumption of fish, nuts and
seeds, fruits and vegetables, green leafy vegetables and cruciferous vegetables, olives,
and legumes might be associated a with longer TL in middle childhood and adolescence.
Moreover, a diet rich in TAC and PUFA was also found to be positively associated with TL
at these ages. On the contrary, this review also found that a higher intake of dairy products,
simple sugar at 5–7 years of age, as well as higher consumption of cereals, especially white
bread, and a diet high in glycaemic load between 6 and 18 years, were factors associated
with TL shortening. In addition, this study shows that in toddlers, the intake of higher
levels of SSB might also have a negative effect on TL. Although, based on preliminary
research, this study has shown that certain foods, nutrients, and dietary patterns may be
significant determinants of the biological integrity of TL and that their high or low intake
can affect TL dynamics during childhood and adolescence.

According to a recent comprehensive systematic review exploring the impact of nutri-
tion on telomere health in adults [12], the available evidence on the effects of the intake of
nutrients, foods, food groups, or dietary patterns is still mainly based on observational re-
search from cross-sectional studies. To date, the results of the effect of fish consumption on
TL remain controversial. The positive association between fish and a longer TL reported by
Meshkani et al. [29] is consistent with previous cross-sectional studies in the adult popula-
tion [37,38] and one randomised controlled trial in patients with cardiovascular disease [39].
However, several observational studies with different designs found no association [40–48].
A large body of epidemiological research has shown that fish intake has a protective effect
on chronic diseases involving systemic inflammation processes [49,50], mainly due to the
omega-3 PUFA content of fatty fish. Presumably, it has been hypothesised that the intake
of omega-3 PUFA from fish consumption might promote the maintenance of TL through its
anti-inflammatory properties. Although the relationship between fish consumption and TL
remains unclear, there seems to be evidence that supports the protective action of marine
omega-3 PUFA against telomere attrition [14,51–55].

The association between a higher fruit and vegetable intake and a longer TL in Iranian
children aged 5–7 years [29] and Brazilian adolescents aged 10–17 years [30] has been
supported by some studies conducted in adults [42,43,46,56,57]. On the contrary, the
lack of association disclosed by other studies [37,38,41,44,45,48,58–60] makes it difficult to
determine whether the intake of fruits and vegetables may be beneficial for the stability
of TL. Fruit and vegetable intake can supposedly maintain telomeres and limit cell ageing
by reducing inflammation and oxidative stress [57]. However, as recognised in previous
research, a probable reason for explaining the lack of consistency in the results among
studies may be attributed to the different methods used to classify fruits and vegetables as
specific foods, groups of foods, and/or eating patterns. Similarly, in line with prior research
on the adult population [16,43,61], an association between a higher consumption of nuts
and seeds and a longer TL was found in Iranian children aged 5–7 [29]. Furthermore,
considering the type of nut, preliminary findings from recent randomised controlled trials
have suggested that the consumption of pistachio nuts and walnuts can preserve LTL and
reduce oxidative damage to the DNA [17,62]. However, the available evidence on the
effects of nuts on the TL has also shown negative or null results [12], suggesting that more
research on this issue is required.

Along with the consumption of nuts, the study by Meshkani et al. [29] also showed that
olive intake, including olive oil, was positively associated with a longer TL. This finding is
consistent with studies that evaluated the association between TL and an adherence to the
Mediterranean diet as a proxy measure of olive oil [45,63–65]. Furthermore, cumulative
evidence supports that dietary olive oil has beneficial compounds against ageing-related
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diseases and contributes to the maintenance of genomic stability [66]. However, further
research evaluating the effects of specifically olive oil intake on TL would be necessary to
understand this association properly. In the same way as other food groups, the association
between the consumption of legumes and TL remains controversial. For example, the
positive effect of a higher intake of legumes observed in children aged 6–18 years [33] is
in line with previous research on older ages [37,43], but contradicts the results of other
studies [44–46,56]. However, among other probable reasons, the findings’ heterogeneity
might be likely to be explained by the differences in the dietary assessment due to the wide
variety of the foods, by country or culture, that were included in the same food group
classification, which discloses the complexity of measuring dietary intake.

Aside from the foods or food groups, other dietary intake factors that were positively
associated with TL in the young population found in this review were PUFA and TAC [67].
According to available evidence, the positive effect of PUFA on TL was mainly due to the
intake of omega-3 PUFA [14,51–55]. Although PUFA may play a role in regulating gene
expression implicated in metabolic alterations and chronic diseases [68], the association
between omega-3 PUFA and TL cannot be firmly stated, let alone the influence of omega-6
PUFA or the role of overall PUFA intake concerning TL. Therefore, further research on
this nutritional component is needed to clarify its function in telomere biology. From
the nutritional epidemiology research perspective, dietary TAC as a global measure of
antioxidant status represents a novelty for studying its role in the maintenance of TL.
García-Calzón et al. [33] have shown for the first time that dietary TAC is associated with a
longer TL in children and adolescents. Based on previous evidence on the Mediterranean
dietary pattern [65], the authors inferred that dietary TAC instead of separate food groups
might have a stronger influence on TL because of its synergistic effect resulting from
the overall interaction among the antioxidants. Interestingly, this dietary pattern-based
approach has opened a new line of research on the potential impact of an antioxidant diet
on the biological stability of TL.

This systematic review also found that certain foods, food groups, or specific dietary
patterns were negatively associated with TL in children and adolescents. In Iranian children
aged 5–7 years [29], higher dairy product and simple sugar consumption were associated
with TL shortening. Studies evaluating dairy consumption in adults showed inconclusive
results, indicating null effects overall [37,40,42,44,47]. However, some studies have reported
a positive association [43,46,48]. Lee et al. found a positive association between dairy
products and TL in Korean adults aged 40–69 years [43]. Meyer et al. reported that
cheese intake positively affected TL, but only in men [48]. Gu et al. observed a positive
effect of dairy products in white individuals compared to African American individuals
or Hispanics [46]. To our knowledge, only a study with 4029 healthy postmenopausal
women has shown a negative association between whole milk or reduced-fat milk and
fat-containing cheese [69].

Regarding sugar intake, the study by Meshkani et al. [29] was the first to evaluate
simple sugar’s direct effect on TL in children. This finding is in line with the association
between higher SSB levels and shorter TL in children aged 2–3 years [31]. Although
Basking et al. [32] examined the influence of sugar and fast food intake in children at a
similar age, no association with TL was observed. Nevertheless, the negative effect of sugar
on TL is consistent with the results of a higher glycaemic load, cereals, and white bread
reported by García-Calzón et al. [67] in a sample of 287 Spanish children and adolescents.
According to reference values of the glycaemic index, white bread, refined cereals, and sugar
are foods with a high glycaemic load [70]. The literature has suggested that consuming
foods with a high glycaemic load is associated with increased oxidative stress [71] and
inflammatory markers [72]. As in the case of the dietary TAC, the lack of studies examining
the effect of a high-glycaemic diet on TL does not allow a direct comparison with the
previous studies. However, the glycaemic load as a global measure to detect inflammatory
dietary patterns can serve as a helpful tool for investigating the association between the
inflammatory status of the diet and TL in the future.
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This systematic review is not exempt from limitations. First, the studies included
in this systematic review were cross-sectional; thus, significant associations cannot be
considered cause–effect relationships. Moreover, the cross-sectional nature of these studies
also prevented measuring the inherent differences in TL that were occurring due to the
within-person changes over time. Second, the possibility of measurement error in dietary
intake cannot be disregarded as the appropriateness of the FFQ for the target population or
the validity of the questions used in some studies were not sufficiently specified. Third,
although the studies included in this systematic review have taken into account the po-
tential factors related to TL, the presence of residual confounding cannot be dismissed.
Finally, although only a few studies have evaluated the potential association between
dietary intake factors and TL in childhood and adolescence, the results yielded in most
of the studies were consistent with the previous studies with adult populations. How-
ever, this systematic review also has several strengths. This study was conducted using
clearly defined and reproducible methods to identify and synthesise the results of studies
examining the association between the intake of nutrients, foods, food groups, or dietary
patterns and TL in childhood and adolescence. This work was conducted in accordance
with the recommendations from the PRISMA statement 2020. The study selection, the
data extraction, and the assessment of quality were carried out by independent reviewers.
In addition, this study sought to determine the dietary factors in childhood and adoles-
cence that support telomere maintenance by promoting or preventing cellular oxidative
stress and inflammation. Although the information provided by this systematic review
is limited, there are valuable insights into how the dietary intake factors could modulate
TL dynamics during childhood and adolescence, which can serve as a basis for future
extensive nutritional epidemiological research into TL at the first stages of life.

5. Conclusions

The five studies included in this systematic review showed that a higher intake of
fish, nuts and seeds, fruits and vegetables, olives, legumes, and PUFA, along with a higher
TAC, were associated with a longer TL in children and adolescents. However, a higher
intake of dairy products, sugar, cereals, white bread, and a diet with a high glycaemic
load were identified as risk factors for TL shortening at these ages. These results are
limited but consistent with previous studies conducted in different adult populations,
although the information provided from other studies suggests that the evidence in this
area remains inconclusive. Therefore, this systematic review highlights the need for further
research, mainly from longitudinal studies and randomised controlled trials, to ascertain
the potential nutritional determinants of TL in childhood and adolescence.
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