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ABSTRACT

D00

Obesity is a clinical condition characterized by an abnormal accumulation of adipose
tissue with an increased risk of developing illnesses such as type 2 diabetes,
cardiovascular disease, and cancer. In obesity, the secretion of proinflammatory
adipokines contributes to oxidative stress that can lead to a decline in the length of
telomeres. Telomeres are structures of repetitive sequences delimiting the
chromosomes, that plays a crucial role in maintaining their integrity and stability
and, thus, its shortening is associated with cellular senescence and possible
apoptosis. Although some studies indicate that obesity is associated with shorter
telomeres, others contradict this data. Accordingly, the aim of our study was to
determine whether obesity is associated with telomere shortening in Portuguese
obese adults. For that, we collected buccal epithelial cells from 72 obese (Body Mass
Index (BMI) greater than 30 kg / m?) and 74 norm weight individuals (BMI between
18.5 kg / m? and 24.99 kg / m?) and determine telomere length through Real Time
PCR. Results revealed that the relative telomere length of obese individuals is
statistically significantly shorter than that of control non-obese group. By comparing
obese subgroups, it was possible to observe that in the female subgroup the relative
length of telomeres was shorter, in opposition to the male obese group, which
indicates that the association between high BMI and shorter telomeres is genre-
dependent. Furthermore, by studying the telomere length by age it was observed that
there was no difference in the relative telomere length in obese under versus over 45
years old, demonstrating an age-independent association between obesity and
telomere length. Accordingly, our results suggest that obesity is associated with
telomeres shortening, and that this could be used as biomarker in obesity.
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Introduction

Since 1975, obesity has nearly tripled globally, and 38%
of the world population are already overweight or obese
[1]. Obesity is defined as abnormal or excessive fat
accumulation that presents a risk to health and is the main
risk factor for several chronic diseases, including diabetes,
cardiovascular diseases and various types of cancer [2].
This excessive fat results from successive positive energy
balance when the amount of energy consumed is greater
than the amount of energy spent [3]. In order to classify
obesity, the World Health Organization uses Body Mass
Index (BMI), an index that classifies the adult body

according to the individual's weight divided by the square
of the height [3]. Thus, individuals can be classified into
different groups according to their BMI: low weight - <
18.5 kg/m?; normal weight - 18.5 kg/m? to 24.9 kg/m?;
overweight — 25 kg/m? to 29.9 kg/m?; obesity class | - 30
kg/m? to 34.9 kg/m?; obesity class Il — 35 kg/m? to 39.9
kg/m? and obesity class 111 - > 40 kg/m? The intentional
weight loss, when maintained on long-term, manifests
itself in an improved quality of life, reduced incidence of
chronic diseases and mortality [3].

In addition to all the consequences of this chronic
disease, several studies have indicated that there is a
bidirectional association between telomere length and
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obesity [4,5]. Telomeres are structures comprised by
repetitive sequences of double stranded DNA rich in
guanine (TTAGGG) delimiting the chromosomes of
eukaryotic cells, that plays a crucial role in maintaining
their integrity and stability [6,7]. Telomere length, of
around 9 to 15 kb, is maintained by telomerase, a
ribonucleoprotein polymerase with multiple subunits, with
a catalytic unit called reverse transcriptase which is
normally not expressed in somatic cells, in opposition to
germ cells and neoplastic tissues [5,8]. In each cell
division, there is a loss of some of these repeating units due
to incomplete replication at the 3° end of chromosomes,
which leads to its shortening. If reaching a critical
threshold, the chromosomes become unstable which may
induce cellular senescence that, in turn, may lead to
apoptosis. In cells in which telomerase is present, this loss
is balanced by adding a few repetitions after DNA
replication [6,9]. Thus, telomere length is defined as a
marker of biological aging, that results both from a natural
process after each cell division and factors such as
longevity, frequency of physical activity, cardiovascular
disease, and others [4,5,10]. The association between
telomere length and obesity is not well understood, but it is
known that inflammation and oxidative stress caused by
obesity can induce telomere shortening [5,11]. The meta-
analysis of Mundstock et al. (2015), which comprised
119.439 subjects, showed that the higher the BMI the lower
the length of telomeres [12]. Of the 63 studies selected by
the authors, there were no statistically significant
association between obesity and telomere length in 38%,
but the remaining 62% of studies demonstrated a
significant statistically association [12]. A subsequent
study demonstrated that there is a decrease in telomere
length as a consequence of increased BMI, waist
circumference and body fat percentage [5]. This study also
demonstrated different impacts of weight loss [5]. Among
those who were overweight at age 25, telomere length
decreased among those who became non-overweight at age
30-40, and increased among those who were non-
overweight at age 50-60, compared to those who were non-
overweight both at age 25 and at current age [5]. Given the
heterogeneity of these data, it remains to be clarified the
impact of obesity in telomere length. Accordingly, the goal
of our study was to evaluate the association between
obesity and relative telomere length, using Portuguese
individuals.

Materials and Methods

Sample

The present case-control study was based on a sample
of 72 Portuguese obese adults (BMI greater than 30 kg/m?)
- case group - and 74 non-obese adults / normal weight
(BMI of 18.5 kg/m? to 24.9 kg/m?) - control group.
Individuals with obesity history were selected from the

Hospital Curry Cabral during endocrinology consultations.
The following information was collected for each individual:
seX, age, height, and weight. Individuals in the control group
were selected from random volunteers of the Instituto
Politécnico de Lisboa. This group was subjected to a brief
questionnaire to collect the following data: age, sex, weight,
height, smoking habits and exclusion factors such as
pathologies, smoking habits, BMI between 18.5 kg/m? and
24.9 kg/m?. All procedures performed during the research
involving human participants adhere to the ethical norms of
the ethical standards of Hospital Curry Cabral.

DNA extraction

Oral epithelium cells were used to extract DNA for
quantification of the relative telomere length. For that, we
first determine the best substrate to collect cells among
saliva, swab, or brush, that were obtained from five normal
individuals and cells were counted in Papanicolau-stained
slides. Cells present in 10 fields at a 400x magnification of
each slide were quantified by optical microscope, in
triplicates. After defining that brush (endobrush - sterile
cytology brush, reference No. 9912) is the more appropriate
method to collect cells, buccal brushing was performed at all
obese and normal subjects, and the brush tip was cut and
placed in an Eppendorf tube for storage at -20° C, which
allows the results to correlate with the original values for 6
months [13-15]. After incubating the tip of the brush with
500 pl of lysis buffer and 10 pl proteinase K for 16 hours at
56° C, DNA extraction was performed with 500 pul of phenol
(Merck), 500 pl of phenol / chloroform (Sigma) and 500 pl
of chloroform (Merck). After precipitation, the extracted
DNA was resuspended in 50 pl of ultrapure water and stored
at -20° C until use [16]. DNA was quantified using Qubit
3.0, and their respective kit QubitTM dsDNA Hs Assay
(Invitrogen) with 1 pl of sample [17].

Measurement of relative telomere length

After determining DNA concentration, quantification of
telomere length was performed using the CFXConect ™
Real-Time PCR Detection System from Bio-Rad. The
procedure used for preparation of Monochromatic Real-
Time Multiplex Quantitative Polymerase Chain Reaction
(MMgPCR) was an adaptation of the method described by
Cawthon (2009) [18], using albumin as the standard gene.
The primers used were the following: albumin forward:
CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGC
TGCACAGAATCCTTG-5’-37; albumin reverse:
AACAGGCGACCATGCTTTTCCGGCGGGACGGGC
GCGGCGGGCCGGGL-5’-3" and telomere forward:
ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGT
TAGTGT-5-3° and telomere reverse:
TGTTAGGGATAGGGATAGGGATAGGGATAGGGA
TACCTAACA -5’-3.

In each reaction, 10ng of DNA was used, by means of
the iIQTM SYBR Green supermix from Bio-Rad, with the
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following protocol divided into three phases: 1st phase - 15
min at 95° C; 2nd phase - 2 cycles 94° C for 15s and 15s at
49° C; Stage 3 - 32 cycles for 15s at 94° C, 10s at 62° C,
15s at 74° C, 10s at 84° C and 15s at 88° C [18]. After the
MMgPCR run on CFXConect ™ Real-Time PCR
Detection System, the CFX Maestro™ was used to collect
and display the resulting data. For the relative
quantification the 2 -22 T method, also known as Livak
method, was used [19]. This method is quite advantageous,
since it allows to calculate the relative expression levels
between different samples using directly the values of
threshold cycle (Ct) generated by the software [20], if both
the telomeres and albumin are amplified with an efficiency
between 90% and 105% [20]. Therefore, for the purpose of
calculating the efficiency, the development of a standard
line was necessary, generated by amplification of five
serial dilutions of known concentrations of a standard DNA
sample [21-23].

After the line equation was generated, the conditions to
calculate the following equations were gathered: [24] E =
10- @ where E is the efficiency of PCR reaction and m
the slope of the line % E = (E-1) x 100. As with all
MMQgPCR that were performed were found within the
accepted interval of efficiency, the Livak method was
applied.

As previously indicated, we had triplicates of each
sample, thus we had to calculate the average of the
triplicates. We needed to transform the data to ensure it
could be statistically interpreted and that we could calculate
the Ct average, controlling biased results. Data were
normalized through the use of a reference, in this case DNA
isolated from the human cell line HEP2. First, the ACt value
of each sample must be calculated, subtracting the Ct values
of the standard gene (albumin), and the Ct values of the
target gene (telomere) [18,20,22]. Only after determining the
ACt of the samples, it was possible to normalize these
values, using the ACt value of HEP2 cell line, or be
calculated AACt (ACt of each sample - ACt of HEP2 cell
line) [18,20,22]. Once determined all AACt, the conditions
were applied to 2 24 €T expression described by Livak (2001)
[20,23,24]. Thus, with the expression were obtained values
of relative quantification, which indicates if the telomeres
are longer (> 1) or smaller (<1) compared to the standard,
the calibrator sample (cell line HEP2) [18,20].

Statistical analysis

The data obtained by CFX Maestro™ was exported to
an Excel file to calculate the mean values and standard
deviations of CT's. Following the standardization of the
results and the implementation of the algorithm to acquire
data on telomere length, a database was created,
incorporating the case group and the control group with
their respective data (sex, age, BMI and relative length of
telomeres). The following statistical tests were performed:
F-test to test for equal variances; the Shapiro-Wilk test for

testing the normal sample sizes less than 30; the Student's
t-test to compare mean relative length of telomeres among
different groups; the nonparametric Mann-Whitney U; and
Pearson's correlation coefficient, using the Microsoft Excel
2017 software MSO (16.0.11328.20314) 32-bit and IBM
SPSS Statistics Base 22.0.

Results

Buccal brush is the best substrate to collect oral epithelium
cells

The most commonly used sample for DNA extraction is
blood, nevertheless due to its invasion and cost, attempts
have been made to address the feasibility to use other
samples [13,25]. Indeed, several studies have demonstrated
that samples from the oral cavity are adequate to collect
biological material [13,25]. As samples can be obtained
using various substrates including saliva, swab, or brush,
in the first phase of the study we aimed to determine the
best substrate for DNA extraction. For that, we collected
the three substrates in five volunteers and counted the
cells present in Papanicolau-stained slides. Results
demonstrated that buccal brush samples add an average of
186 cells in 10 fields, whereas saliva presented 150 cells
and swabs only 50 cells (Figure 1). Accordingly, brush was
chosen to perform the remaining study.
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Cell number in 10 fields

Saliva Buccal brush Swabs

Figure 1. Quantity of cells present in saliva, buccal brush
and swabs. The three substrates were obtained from five
volunteers and cells were counted in Pap-stained slides.
Cells present in 10 fields at a 400x magnification of each
slide were quantified by optical microscope, in triplicate.
Values are presented as the mean of counted cells.

Sample characterization

After collecting the information of our sample (total of
146 individuals, 72 obese and 74 non-obese), we stratified it
in terms of age, BMI and obesity class (Table 1). The mean
age was 44.36 £ 11.09 and 25.46 + 6.43 years, whereas the
mean BMI was 44.5 + 7.99 and 21.7 + 1.73, respectively
(Table 1). The obese group included individuals from all
three classes of obesity. Class | corresponded to 11% of the
obese group, class 11 had 20% of the individuals and the class
111 accounted for more than half of the obese individuals, as
it represented 69% of the group (Table 1).
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Table 1. Sample characterization in terms of age, Body
Mass Index (BMI), and classes I, Il and 111 of obesity

Obese group Control group
Age (mean * s.d.) 4436 +11.09 2546 +6.43
BMI (mean + s.d.) 44.5+7.99 21.7+1.73
Class | 11% N.A.
Class 11 20% N.A.
Class 111 69% N.A.
Total 72 74
3
-— Max = 2.704
. 25
S
g 2
o |
e
215
S
= 1 "=0.897
Median = 0.643
0,5

1%'=0.475
Min = 0.018

A OBESE GROUP

The relative length of telomeres is shorter in obese
individuals

The distribution by quartiles of the obese and control
groups in relation to the relative length of telomeres
demonstrates that the median values are 0.643 and 0.7,
respectively. In the obese groups the values are comprised
between 2.704 and 0.019, whereas in the control group the
maximum value is 3.257 and the minimum is 0.086 (as
presented in Figure 2), indicating that obese individuals have
shorter telomeres.

- Max = 3.257
3
2,5
2
1,5
+ 3" =1.286
1 -
— p Median = 0.7
0.5 .
J- 1% = 0.506
0 Min = 0.086

B CONTROL GROUP

Figure 2. Quartile distribution of the relative telomere length in the obese and control groups. (A) The relative
telomere length of the obese group has a maximum of 2.704, a minimum of 0.019 and a median of 0.643. The first
and third quartiles are comprised between 0.475 and 0.897, respectively. (B) The relative telomere length of the control
group has a maximum of 3.257, a minimum of 0.086 and a median of 0.7. The first and third quartiles are comprised
between 0.506 and 1.286, respectively. Indeed, it was found that the mean telomere length is 0.71 in the obese group
whereas it is 1.04 in the control group (Figure 3) and that this difference is statistically significant (p = 0.0019).
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Figure 3. Mean values of the relative telomere length in
the obese and control groups. Telomere length in the obese
(n =72, x =0.71) and control (n = 74, X = 1.04) groups.
**p <0.01 (p = 0.0019), T-student test.

The relative telomere length is shorter in obese females
and equal regardless the age

It has been reported that both the genre and age may affect
the impact of obesity in the relative telomere length [5,26].
Accordingly, we addressed whether females/males and
individuals under/over 45 years have differences in the
telomere length relative to the corresponding control group.
This analysis revealed that whereas in females there is a
decrease in the length of telomeres in the obese group
comparing to normal individuals (0.6967 vs 0.9865 p =
0.0089), in males there is no significant differences between
the groups (0.745 vs 1.188 p = 0.134) (Figure 4). Similarly,

by comparing the obese under and over 45 years old, no
differences in the relative telomere length were found (Fig. 5).
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Figure 4. Relative telomere length divided by genre.
(A) Mean relative telomere length in female obese (n = 55,
X = 0.697) and non-obese (n = 55, X = 0.987) individuals.
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** p <0.01 (p = 0.0089), T-student test. (B) Mean relative
telomere length in male obese (n = 18, X = 0.745) and non-
obese (n =19 x = 1.188) individuals. NS - not significant
(p = 0.134), Mann-Whitney U test.
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Figure 5. Relative telomere length of obese individuals
over and under 45 years old. Mean relative telomere length
in obese patients aged over (n = 36, X = 0.663) and under
(n =36, X =0.762) 45 years old. NS - not significant (p =
0.3). T-student test.

To expand our analysis, we combined obesity and
telomere shortening to calculate the coefficient of Pearson
and verified that there is a negative correlation between the
two variables i.e., increase of BMI and decrease of relative
telomere length (-0.217).

Discussions

Obesity, a condition that constitutes a major risk factor
for the development of diseases such as cancer, is
associated with oxidative stress and although it is well
stablished that the generation of reactive oxygen specimens
is strongly related with telomere shortening, the
relationship between short telomeres and high BMI is not
consensual [2,4,5,27]. In this study, by analyzing 72 obese
adults (BMI greater than 30 kg/m?) and 74 non-obese
adults (BMI of 18.5 kg/m? to 24.9 kg/m?) we found that the
former group has smaller telomeres than the control group,
suggesting that obesity is associated with shortening of
telomeres. For that we evaluated epithelial cells from the
oral cavity, that were collected through buccal brush, as it
was the substrate that provided higher quantity of cells
(Figure 1). This result was in accordance with the literature
that demonstrates that although buccal swab and saliva
have similar epithelial cell subtypes, the former has higher
proportion of epithelial cells than saliva, in adults [25].

Several studies have addressed the association between
the relative telomere length and obesity and the
conclusions are consistent with our results. According to
Nordfjall et al. (2018), obese individuals have significantly
shorter telomeres regardless of the comorbidities
associated with this condition [26]. This observation was
corroborated by Rode et al. (2014) that found that elevated

BMI is associated with telomere shortening, possibly
through elevated C-reactive protein [28]. Similarly, by
study more than 2900 American adults, Wang et al., 2023
demonstrated that BMI is inversely correlated with
telomere length and that large weight fluctuations might
potentiate telomere shortening [29].

In our study, it is demonstrated that more than 50% of
the obese group of individuals has telomeres with relative
length between 0.643 and 2.704, whereas in the control
group more than 50% had a relative telomere length
between 0.7 and 3.257, which was reflected in a negative
association between BMI and relative telomere length. By
evaluating this association according to subgroup analysis,
we verified that genre determines the negative impact of
obesity in telomere length, as female obese have shorter
telomeres than the non-obese counterparts, in opposition to
male obese (Figure 4). This conclusion is consistent with
previous literature, that also reported a difference in
females versus males [26]. However, it would be
interesting to further explore the difference between male
obese and non-obese individuals, as we observed that,
despite an absence of statistical significance, the mean
relative telomere length of the obese group is tendentially
lower than that of the control group (Figure 4). Indeed, a
meta-analysis from Gielen et al. (2018), conducted with
data from 146114 individuals, concluded that high BMI is
associated with shorter telomere, and that there was no
significant difference between males and females [30].

Regarding the influence of age in telomere length, we
observed that obese individuals aged over 45 years have no
significantly shorter telomeres as compared to younger
than 45 (Figure 5), indicating that age did not intensify or
relieve the impact of obesity in telomere length. This
hypothesis is in accordance with Mangge et al. (2019) that
concluded that age is an independent factor in the
association between obesity and relative telomere length
[31]. Indeed, a study from Toupance et al., 2022 involving
73 children aged 2-10, demonstrated that shorter telomere
length from leukocytes correlated with higher BMI in
childhood [32]. This is in accordance with a systematic
review from Raftopoulou et al., 2022 that evaluated 16
studies, most of which identified a negative association
between pediatric obesity and telomere length [33]. In
addition, a study addressing the association between
oxidative stress, telomere length and metabolic health,
demonstrated that unhealthy obesity phenotype linked to
metabolic syndrome is related with telomere shortening in
adult young men [34]. These observations, in conjunction
with our data, suggests that short telomeres not only
precede the development of obesity in childhood but also
accompanies the disease throughout adulthood.
Nevertheless, it seems that lifestyle interventions related to
weight loss can reverse this phenomenon as it has been
associated with an increase in telomere length [33].
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In this study, individuals from the three classes of
obesity were included and it was not possible to verify any
differences between the classes. This was attributed to the
lack of representation of each class, as class | represented
11%, class 11 20% and class 111 69%. It would be interesting
to determine if the relative telomere length is different
between the classes and to explore if each class might be
affecting the impact of other variables such as genre
(particularly in the male obese group).

Conclusions

Our study demonstrates that obesity is associated with
telomere of a shorter length in Portuguese adults, and that
this association is influenced by the obese genre but not by
their age. This indicates that relative telomere length can
be used as a biomarker in obesity. It remains to be
determined whether the class of obesity affects this
association and the underlying molecular mechanisms
responsible for this association.
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