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ASSOCIATION OF AVERAGE TELOMERE LENGTH WITH BODY-MASS INDEX
AND VITAMIN D STATUS IN JUVENILE POPULATION WITH TYPE 1 DIABETES

POVEZAVA POVPRECNIH DOLZIN TELOMEROV Z INDEKSOM TELESNE TEZE
IN VITAMINOM D PRI MLADOSTNIKIH S SLADKORNO BOLEZNIJO TIPA 1
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Background. Type 1 diabetes (T1D) is an autoimmune chronic disease where hyperglycemia, increased risk
of oxidative stress, advanced glycation end-products and other genetic and environmental factors lead to
T1D complications. Shorter telomeres are associated with hyperglycemic levels and lower serum vitamin D
levels.

Methods. Average telomere length (ATL) in whole blood DNA samples was assessed with qPCR method
in 53 Slovenian T1D children/adolescents (median age 8.7 years, 1:1.3 male/female ratio). Body mass
index standard deviation score (BMI-SDS), glycated haemoglobin and serum level of vitamin D metabolite
(25-(0OH)-D3) and the age at the onset of T1D were collected from the available medical documentation.

Results. Results indicate shorter ATL in subjects with higher BMI-SDS when compared to those with longer
ATL (0.455 + 0.438, -0.63 + 0.295; p=0.049). Subjects with higher BMI-SDS had lower serum vitamin D levels
when compared to those with lower BMI-SDS (40.66 + 3.07 vs. 52.86 + 4.85 nmol/L; p=0.045). Vitamin D
serum levels did not significantly differ between subjects with longer/shorter ATL.

Conclusion. T1D children/adolescents with shorter ATL tend to have higher BMI-SDS. Lower serum vitamin D
levels were associated with higher BMI-SDS, while associations between vitamin D serum levels, age at the
onset of T1D, glycated haemoglobin and ATL were not observed. Additional studies with more participants
are required to clarify the role of the telomere dynamics in T1D aetiology and development of complications.

Izhodisce. Sladkorna bolezen tipa 1 (SBT1) je kroni¢na avtoimunska bolezen, pri kateri hiperglikemija ter
zvisana raven oksidativnega stresa in koncnih produktov glikacije skupaj z genetskimi in okoljskimi dejavniki
privedeta do nastanka diabeticnih zapletov. KrajSe dolZine telomerov so povezane s hiperglikemi¢nimi
epizodami in nizjimi serumskimi vrednostmi vitamina D.

Metode. Z metodo gPCR smo iz vzorcev DNK periferne krvi dolocili povpre¢ne dolZine telomerov 53
slovenskim bolnikom s SBT1 (povprecna starost 8,7 leta, razmerje med decki in deklicami 1:1,3). Indeks
standardnega odklona indeksa telesne teZe (BMI-SDS), vrednosti serumskega metabolita vitamina D -
25-hidroksikalcifediola (25-(OH)-D3), glikiran hemoglobin in starost preiskovancev ob izbruhu bolezni smo
pridobili iz razpoloZljive medicinske dokumentacije.

Rezultati. Rezultati nakazujejo krajse dolZine telomerov pri bolnikih z visjimi vrednostmi BMI-SDS (0,455 +
0,438, -0,63+ 0,295; p=0,049). Preiskovanci z visjimi vrednostmi BMI-SDS so imeli niZje vrednosti 25-(OH)-D3
kot preiskovanci z nizjimi vrednostmi BMI-SDS (40,66 + 3,07 proti 52,86 + 4,85 nmol/L; p=0,045). Vrednosti
25-(0OH)-D3 niso statisti¢no znacilno razlicne pri preiskovancih z visjimi oziroma niZjimi povprecnimi
dolZinami telomerov.

Zakljucki. Otroci in mladostniki s SBT1 s krajsimi dolZinami telomerov imajo nekoliko visje vrednosti
BMI-SDS. NiZje vrednosti 25-(OH)-D3 so povezane z visjim BMI-SDS. Povezav med serumskimi vrednostmi
25-(0H)-D3, starostjo bolnikov ob izbruhu bolezni, glikiranim hemoglobinom in povprec¢nimi dolZinami
telomerov nismo zaznali. Za razjasnitev vloge telomerov v etiologiji, patogenezi in nastanku zapletov SBT1
bodo potrebne nadaljnje raziskave z vecjim Stevilom preiskovancev.
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1 INTRODUCTION

Telomeres are nucleoprotein structures located at the
end of the chromosomes, the role of which is to ensure
genomic stability, and prevent chromosomal breaks and
fusions. Telomeres are composed of repetitive hexameric
DNA sequence TTAGGG, and bounded with proteins of
shelterin complex, namely: TRF1, TRF2, TPP1, POT1,
RAP1 and TIN2. Their role is the regulation of telomere
length, protection, DNA damage repair and control in
signalling cascade. At the 3’ end of telomere, DNA forms
single stranded T loop structure (1) with characteristic
secondary quadruplex structures (Figure 1) (2). Telomere
length is very variable and can vary between different
cell types, chromosomes and even between ends of the
same chromosome (3).

Telomere ends are prone to replication shortening due to
the inability of the polymerases to completely replicate
telomere 3’ ends in the process of semiconservative
replication (4). The enzyme telomerase reverse
transcriptase (TERT) is capable of sustaining telomere
stability, but only in steam and germ cells (5, 6), while
in other somatic cells, TERT expression level is very low
and the telomeres are shortened by every cell cycle for
100-200 bases (1), resulting in a limited number of cell
replications. When telomeres reach the critical length
(Hayflick limit), the cell enters the senescence, stagnation
and finally the apoptosis (4, 7).

The telomere length is also affected by environmental and
genomic factors, transcriptional control, oxidative stress,
inflammation, immune system, endocrine system, DNA
damage and other. Additionally, mutations in TERT genes
can lead to the development of dyskeratosis congenita,
aplastic anaemia and other diseases associated with
telomere dysregulation (8, 9).

Environmental factors, chronic and autoimmune diseases
can induce cell stress, resulting in increased cellular
concentration of free radicals, which can damage
proteins, lipids and nucleic acids (10). Deoxyguanosine
has the lowest redox potential of all deoxynucleotides,
and is most susceptible to reactions with reactive oxygen
species (2). Since telomere tandem repeats are guanosine
rich, they present highly susceptible sites for reaction
with reactive oxygen species and consequential DNA
breaks. Additionally, the shelterin complex attached to
the telomeric DNA sequence hampers DNA repair (1).
Oxidative stress can also trigger inflammation, which is
associated with increased proliferation of immune cells
and, consequently, with an increased rate of telomere
shortening (9). Inflammation is present in many chronic
and autoimmune diseases, such as cardiovascular diseases,
rheumatoid arthritis, systemic lupus erythematosus, type
1 and 2 diabetes (9, 11). Telomere dynamics and telomere
length studies have shown that longer telomere length and
slower telomere erosion rate are associated with better
health status, better cognitive function, protection from
age-related diseases, healthier lipid profile and lower
mortality risk (9).

5' TTAGGG 3
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Figure 1. Telomeres and T-loop at the end of telomere. Tel-
omeres are located at the end of chromosomes,
their length differs between chromosomes and even
between ends of the same chromosome. Proteins of
the shelterin complex TRF1, TRF2, RAP1, TIN2, TPP1,
POT1 and RNA molecule TERRA are attached to the
telomere DNA sequence. The shelterin molecules with
telomeric DNA sequence form T-loop, where the 3’
end of double-stranded DNA becomes single-strand-
ed, and it is displaced back inside a double-stranded
DNA in D-loop area (adopted by reference 1 and 3).

1.1 Telomere Length and Type 1 Diabetes

Type 1 diabetes (T1D) is a chronic autoimmune disease,
characterized by the state of hyperglycemia, as a result
of an autoimmune destruction of B pancreatic cells (12).
Participants with T1D do not produce enough insulin
and require exocrine insulin therapy. Disease develops
gradually and bursts innately in childhood (13). Self-
control of the blood sugar level and appropriate dosages
of insulin are crucial to reduce the risk for development
of diabetic complications (14).

Increased levels of reactive oxygen species are present
during the development, onset and duration of diabetes
(10, 15). Only a small number of studies have been
published analysing the length of telomeres in T1D. It was
reported that T1D subjects have shorter telomere length
compared to healthy controls (16); in addition, participants
with good glycemic control have longer telomere length
than the participants with a poorly-controlled one, but
the studies were conducted on a relatively small group
of participants (17). The telomere length was also
assessed in diabetic participants as a prediction factor
for diabetic nephropathy (18) and mortality as a result
of diabetic nephropathy (19). Both studies did not show
any association between the telomere length and diabetic
complications.

Moreover, all published studies have investigated the
telomere length in adult population, while the telomere
length and telomere dynamics in cohort of juvenile
participants with T1D has not been analysed yet. Research
on participants with rheumatoid arthritis revealed that
participants with an earlier onset of the disease have
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shorter telomere length (20), so we aimed to examine
this correlation in T1D as well. The aim was also to
characterize telomere length and telomere dynamics
in juvenile participants and in addition, to evaluate
the potential correlation of telomere length with the
available clinical parameters that had been determined
at the onset of the disease.

2 METHODS
2.1 Participants

Fifty-three participants with diagnosed T1D, 23 boys
and 30 girls (1:1.3 male/female ratio), were included
into the study. The participants were from 4 to 14 years
old, with mean age at the onset of the disease 8.65 +
2.61 years, and no additional diagnosed autoimmune
diseases. All participants were diagnosed and treated at
The Department of Endocrinology, Diabetes and Metabolic
Diseases, University Children’s Hospital, UMC Ljubljana,
Slovenia.

Available data at the first hospitalization of the
participants at the onset of the disease for BMI standard
deviation score (BMI-SDS) (mean 0.36 + 1.59), age at the
onset of the disease (mean 8.65 +2.61 years), serum meta-
bolite of vitamin D 25-hydroxycalcifediol (25-(OH)-D3)
concentration (mean 47.00 + 16.66 nmol/L) and glycated
haemoglobin levels (mean 11.04 + 0.26 %) were collected
from the available medical documentation. The research
protocol was approved by the Slovene Medical Ethics
Committee (Nr: 29/02/13).

2.2 DNA Isolation

Genomic DNA was extracted from whole peripheral
blood, collected in blood tubes with EDTA, using a
FlexiGene DNA isolation kit (Qiagene, Germany) by the
established protocol. Extracted DNA was stored on 4 °C at
a concentration of approximately 350 ng/pL for less than
2 years and it was diluted to working DNA stock solution
with concentration 5 ng/pL.

2.3 Telomere Length Measurement

We determined ATL with modified Cawthon’s method
of monochrome multiplex quantitative real time PCR
(MMQPCR) (21). The basic principle of this method is the
determination of telomere product (T) and amount of
reference gen beta-globin (S) in a single well. Triplicated
measurements of T and S of the same sample were used
to calculate the average T/S ratio. The sample used for
normalization of the T/S results across different MMQPCR
experiments was the DNA sample of the participant with
the lowest level of glycated haemoglobin at the onset of
the T1D.

PCR reaction mix was composed by 3 uL/well MeltDoctor™
HRM Master Mix (Applied Biosystems®), 1.00 pmol/well of
each telomere primer (telG: ACACTAAGGTTTGGGTTTGG-

GTTTGGGTTTGGGTTAGTGT; telC: TGTTAGGTATCCCTATC
CCTATCCCTATCCCTATCCCTAAC), 0.55 pmol/well of each
reference gen beta globin primer (hbgu: CGGCGGCG-
GGCGGCGCGGGCTGGGCGGttcatccacgttcaccttg;  hbgd:
GCCCGGCCCGCCGCGCCCGTCCCGLCGgaggagaagtctgecgt)
and 0.02 pL/well ROX. Final reaction volume was 6 pL/
well and it contained 10 ng of sample DNA.

MMQPCR was performed on 96-well plates on Applied
Biosystems 7500 Fast Real Time PCR System with two-
part program. We determined Ct value for T factor of T/S
analysis in the first run which was immediately followed
by the second part of MMQPCR. The Ct value of the second
part was used for determination of the amount of the
reference gene (S).

The part 1 thermal cycling profile was: 15 min at 95 °C
(holding stage), 2 cycles of 15sat 95 “Cand 15sat 95 °C
(cycling stage) and 21 cycles of 15 s at 95 °C, 10 s at 62
°C, 15 s at 71 °C, with signal acquisition (cycling stage),
followed by the part 2 thermal profile: 17 cycles of 17 s
at 94 °C, 10sat 62 °C, 15sat 74°C, 20s at 84 °C, 15 s
at 87 °C with data acquisition (cycling stage), followed
holding stage 20 s on 50 °C. For Ct determination, the
same threshold cycle levels were used in both, part 1 and
part 2, runs. The T/S calculation was performed on the
samples where the standard deviation of average Ct-value
for T and S factors across the triplicates did not exceeded
10 %.

2.4 Determination of Telomere Length and Statistical
Analysis

The Ct data of both experiment runs were used to
calculate T/S using AACt-method. The average T/S of
a sample was calculated using data from three parallel
experiments, and only results with standard deviation
lower than 10 % were included in further analysis. The
D’Agostino-Pearson omnibus normality test was performed
to assess the data deviation from normal distribution.
Consequently, the average T/S values of each sample
were correlated against clinical and anthropometric
parameters determined at the onset of T1D using
Spearman correlation. The differences between upper
and lower tertile test groups were assessed with unpaired
Welch’s t test. The statistical GraphPad Prism software
was used for statistical analysis. The p-value below 0.05
was considered to show statistically significant difference
or correlation.

3 RESULTS

The ATL was assessed in 53 children with T1D and
correlated to clinical and anthropometric parameters
determined at the time of the disease onset. Average
standard deviation of measured T/S values was 5.25 %.

ATL showed weak negative correlation with BMI-SDS
values (0.241; p=0.082). This tendency was confirmed
with Welch’s test of lower and higher ATL tertiles where
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the difference between average BMI-SDS was statistically
significant (0.455 + 0.438, -0.630 + 0.295; p=0.049).
The correlation between ATL and other investigated
parameters was not present. The analysis also revealed
negative correlation between 25-(OH)-D3 and BMI-SDS
(0.364; p=0.018), where the participants in lower tertile
of BMI-SDS had higher values of 25-(OH)-D3 than the
participants in higher tertile of BMI-SDS (52.86 + 4.85
nmol/L; 40.66 + 3.07 nmol/L; p=0.045). The associations
between ATL, the participants’ age at the time of the T1D
onset and the level of glycated haemoglobin were not
statistically significant.

4 DISCUSSION

This was the first study where ATL of juvenile participants
with T1D at the onset of the disease was investigated. The
correlation between ATL and the age of the participants
at the onset of T1D was not present. The results show
a tendency for negative correlation between BMI-SDS
and ATL and are in agreement with previously reported
large case-control study on French obese children (22).
One of the possible explanations for this phenomena
is increased chronic inflammation, resulting in higher
leukocytes proliferation (23) due to increased oxidative
stress in diabetic participants (24). Additionally, it was
observed that participants with higher BMI-SDS had lower
serum level of vitamin D. Furthermore, the decreased
bioavailability of vitamin D from cutaneous and dietary
sources in obese people could be caused by increased
bioaccumulation in adipose tissue (25). Previous studies
have reported that 25-(0OH)-D3 has immunomodulatory
and preventive role in T1D and that participants with
T1D have higher prevalence of 25-(0OH)-D3 deficiency
(12). Association between serum vitamin D levels and
ATL has already been reported, but this association was
not observed in our study (26). This may be due to the
relatively small number of participants involved in our
study. Nevertheless, the telomere length was reported
as a biomarker of negative effects of oxidative stress
and inflammation and as such, it has a potential as a
predictive factor for various disease development (9),
especially due to the fact that recent studies revealed an
indirect involvement of shelterin complex proteins with
the regulation of metabolism (27).

Itis crucial to increase the number of participants in future
studies to investigate the potential involvement of the
telomere dynamics in the aetiology of T1D. Nevertheless,
the results confirm the findings of the previously reported
studies, and indicate that the modified MMQPCR method is
adequate for ATL assessment. It would also be reasonable
to introduce age matching healthy controls to identify the
potential additional correlations between ATL and other
parameters, and to elucidate if the factors of telomere
dynamics have a role in the development of T1D.

5 CONCLUSION

T1D children/adolescents with a shorter ATL tend to have
a higher BMI-SDS. Additionally, lower serum vitamin D
levels were determined in T1D subjects with a higher BMI-
SDS, while associations between serum vitamin D levels,
glycated haemoglobin and ATL were not determined.
Additional research with a higher number of participants
would be required to clearly establish the role of the
telomere dynamics in T1D aetiology.
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