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Leucocyte telomere attrition is considered a marker for cellular age-
ing caused by cumulative exposure to oxidative stress, inflammation,
and endocrine dysfunction. Apart from a reflection of biological age-
ing (and thus telomeres being an outcome), telomere attrition is po-
tentially involved in the onset of cardiovascular disease as cellular
senescence reduces proliferative potential of cardiovascular systems
limiting the regenerative capacity of aged and injured myocardium
and vasculature.1 In a meta-analysis of prospective studies, short telo-
mere length or attrition was a predictor for future coronary heart
disease.2 A recent critical mechanistic interpretation tried to distin-
guish telomeres as atherosclerosis cause vs. atherosclerosis conse-
quence.3 Even though cardiovascular diseases are more common in
older age, the origins can be tracked back to childhood. Indeed, a re-
cent study showed that telomere dynamics during early life might be
important in cardiovascular disease development as short telomere
length in atherosclerosis is largely determined before the clinical
manifestations.4 On the contrary, telomere length was cross-
sectionally associated with blood pressure and vascular elasticity in
midlife adults but not in 11–12 years old children.5 As the identifica-
tion of cardiovascular disease predictors from childhood onwards is
important, we used a childhood/adolescence cohort. The first object-
ive was to investigate the cross-sectional association of children’s
telomere length with cardiovascular disease precursors, i.e. body
mass index (BMI), blood pressure, blood lipid levels, insulin/glucose
and retinal microvasculature. Secondly, the longitudinal relation be-
tween telomere length and these cardiovascular disease precursors
was tested over three measurement waves. Herein, (bi)directionality
could be tested via cross-lagged modelling.

Belgian children were followed-up for 7 years in spring 2008, 2010,
and 2015. From 242 participants at follow-up, 181 had complete data
for biological measures (9–15 years, 4.4% overweight), as part of

different study projects approved by the Ethics Committee following
the Declaration of Helsinki guidelines.6 The average relative telomere
length was measured by a quantitative real-time polymerase chain re-
action protocol7 and calculated using qBase software expressed as
the ratio of telomere copy number to single-copy gene number (T/S)
and normalized to the average T/S ratio of the entire sample set.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured using an electronic sphygmomanometer (Welch
Allyn 4200B-E2) in triplicate. Retinal photographs were taken from
both eyes in 2015 only (Canon 45� 6.3-megapixel nonmydriatic ret-
inal camera; retinal vessel measurement system IVAN). Arterioles
and venules in an area 0.5–1 disc diameter from the optic disc margin
were summarized in the central retinal arteriolar and venular equiva-
lent (CRAE and CRVE) and arteriolar-to-venular ratio. Fasting blood
samples were assessed on glucose, insulin, leptin, high density lipo-
protein (HDL), total cholesterol, and triglyceride. The homeostasis
model assessment estimating insulin resistance (HOMA-IR) was
calculated.

Cross-lagged models were performed in Mplus (version 5.1)
using maximum-likelihood estimation with robust standard errors.
The cross-lagged models allow to consider interdependencies
within repeatedly measured data, while testing bidirectionality.
Each cross-lagged model included correlations within waves (e.g.
cross-sectional: telomere Time 1 to cardiovascular precursor
Time 2), cross-lagged paths (e.g. longitudinal: from telomere Time
1 to cardiovascular precursor Time 2) while also adjusting for
autoregressive paths (e.g. telomere Time 1 to telomere Time 2)
and the confounders age, sex and parental socio-economic status
(see Figure 1). Additional adjustment for BMI did not change the P-
value level. For descriptive purposes, telomere attrition d-score
was calculated to avoid regression to the mean.8
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Relative telomere length tracked across the different follow-up

surveys (r = 0.68–0.73, P < 0.0001). Baseline telomere length was
correlated with telomere attrition rate D-score over 7 years
(r = 0.20, P = 0.008). Descriptive data over the three waves can be
found in the Supplementary material online, Table.

Cross-sectional and longitudinal associations between telomere
length and cardiovascular disease precursors are shown in Table 1.
Cross-sectionally, a negative association was observed for telomere
length with SBP, insulin and BMI but only at one of the three
measurement waves. For triglycerides both an unexpected positive
as well as a negative cross-sectional association were observed.

Longitudinally, shorter telomeres predicted higher triglyceride values
which further predicted shorter telomeres. Also some unexpected
positive longitudinal associations were found: shorter telomeres as
predictor of lower SBP and HOMA, while lower DBP as predictor of
shorter telomeres.

As mentioned in the introduction, bidirectional associations are
possible. An interesting finding in our relatively small child cohort was
a vicious circle between low telomeres and high triglycerides, but not
for the other lipids HDL and total cholesterol. A potential mechanis-
tic explanation might be the cumulative inflammation and oxidative
stress burden on telomeres as a result of dyslipidaemia, while shorter

................................................................................ ........................................................... ....................................................................

....................................................................................................................................................................................................................

Table 1 Standardized coefficients from cross-lagged associations between telomere length and cardiovascular disease
precursors measured in 2008 (T1), 2010 (T2), and 2015 (T3)

Cross-sectional Telomere length as predictor Telomere length as outcome

2008

(T1)

2010

(T2)

2015

(T3)

Telomere T1fi
cardiovascular T2

Telomere T2fi
cardiovascular T3

Cardiovascular T1fi
telomere T2

Cardiovascular T2fi
telomere T3

Cardiovascular disease precursors

BMI (z-score) 0.071 0.095 20.151* -0.014 0.076 0.002 -0.053

Blood pressure

SBP (mmHg) 0.105 0.057 20.134* 0.265** 20.051 0.016 0.047

DBP (mmHg) 0.081 20.024 0.009 0.175 20.080 0.039 0.120*

Retinal microvasculature

CRAE (lm) 0.012 20.117

CRVE (lm) 20.078 0.048

AVR 20.008 20.084

Metabolic markers

Total cholesterol (mg/dL) 0.012 0.082 20.025 0.040 20.002 0.031 20.094

HDL (mg/dL) 0.071 0.049 0.083 0.007 20.007 0.105 20.004

Triglyceride (mg/dL) 20.155* 0.235* 0.094 20.339** 0.079 20.006 20.194*

Insulin (mU/L) 20.156* 0.005 20.063 0.198 0.033 20.024 20.110

Glucose (mmol/L) 20.075 0.148 20.008 0.101 0.017 20.067 20.098

HOMA-IR 20.158 20.017 20.069 0.281* 0.045 20.031 20.107

Leptin (ng/mL) 20.016 20.013 0.104 0.075

Each row represents one cross-lagged model including cross-lagged paths (e.g. longitudinal: from telomere Time 1 to cardiovascular precursor Time 2), autoregressive paths
(e.g. telomere Time 1 to telomere Time 2), and correlations within waves (e.g. cross-sectional: telomere Time 1 to cardiovascular precursor Time 2). Models were adjusted for
age, gender, and socioeconomic status. Bold, p<0.05.
AVR, arteriolar to venular ratio; CI, confidence interval; CRAE, central retinal arteriolar equivalent; CRVE, central retinal venular equivalent; DBP, diastolic blood pressure;
HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment estimating insulin resistance score; SBP, systolic blood pressure.

Figure 1 Theoretical cross-lagged model.Data availability
Data is available upon request to the corresponding author.
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.
telomeres might further aggravate inflammation. Similarly, a large
6-year follow-up in adults found baseline telomere being associated
with triglycerides and HDL at follow-up and same trends for HDL in
the other cause-effect direction (although not analysed in one same
model).9 The latter cohort found the same negative bidirectionality
for glucose, while our study could not find significances for glucose,
only a cross-sectional negative insulin correlation and an unexpected
positive association between telomeres at baseline with HOMA at
follow-up. For blood pressure, we found a logic cross-sectional asso-
ciation while a positive longitudinal association with telomere length
as predictor (in the case of SBP) or as outcome (in the case of DBP).
A meta-analysis of epidemiological studies showed that telomere
length might be shorter in hypertensive adults as compared to
normotensive adults despite substantial heterogeneity,10 while no
longitudinal telomere associations with SBP were found in a large lon-
gitudinal adult cohort.9 The relatively healthy population in our study
(only 4% overweight) and potential residual confounding might have
influenced results towards unexpected associations. Different time
windows between waves (2 and 5 years) might also explain varied
findings over the waves.

In conclusion, our longitudinal data during childhood found some
but limited evidence for a negative association between telomere
length and cardiovascular precursors. Interestingly, bidirectionality (a
vicious circle with triglycerides) and even some positive associations
(blood pressure and HOMA) were detected. Larger and more
diverse prospective studies are necessary to examine cause-effect
directionality in populations with higher morbidity. As the risk factors
for cardiovascular diseases and telomere shortening are fairly similar,
a healthy lifestyle from childhood on should be emphasized as this
might influence future health.
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