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Cardiovascular disease (CVD) is one of the most frequent causes of death worldwide. CV risk fac-
tors such as hypertension or obesity oftentimes manifest during childhood. The prevalence of high
blood pressure and body mass index (BMI) in childhood continues to rise. Both these cardiovascular
risk factors have been shown to track into adulthood with higher cardiovascular morbidity and mortality
rates later in life. Alterations of vascular structure and function can be validated by use of non-invasive
measurements of vascular biomarkers. Retinal vessel diameters are valid and sensitive microvascular
biomarkers that have been shown to be associated with CVD in adulthood and CV risk factors in child-
hood. In adults, narrower arteriolar and wider venular diameters have been shown to be predictive of
future hypertension, coronary artery disease and stroke. Few studies have demonstrated similar find-
ings in young children, indicating that retinal vessel alterations correlate with high blood pressure and
unfavourable body composition early in life. To date, no data is available on the associations between
retinal vessel diameters and the development of high blood pressure over a longer period during child-
hood years. Our study aims to fill this research gap and to investigate further the long-term influence of
physical activity and fitness on retinal vessel diameters, blood pressure, BMI and psychosocial health
in children. We hypothesise that narrower retinal arteries are associated with the development of higher
blood pressure during a four-year follow-up in children. Furthermore, children who show an increase in
physical fitness during the follow-up are postulated to have favourable retinal vessel diameter changes,
lower blood pressure and BMI as well as lower levels of perceived psychosocial stress compared to their
peers that remained on the same physical fitness level.

The study is designed as a population-based prospective cohort study, the baseline of which was per-
formed four years previously. In 2014, 1255 primary school children of the Canton Basel-Stadt took part
in physical fitness tests and BMI measurements during physical education lessons. 340 first-grader (7.3
years (SD 0.4)) were allowed by their parents to take part in the additional medical tests. Assessments in-
cluded retinal vessel analysis, blood pressure, BMI, psychosocial health, proxy-reported questionnaires
and physical fitness tests. In 2018, the children will again participate in the same setting. For the fitness
tests and BMI measurements, approximately 1000 are expected to have complete data from 2014 and
2018. With respect to the medical tests, at least 250 of the previous 340 children are expected to have
complete data from baseline and the four-year follow-up. Our timeline will enable us to perform all mea-
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surements and data collection of the follow-up in 2018, allow for data entry and cleaning, data merging
and retinal image analysis in 2019 and to publish and disseminate the results in 2020.

A multiple linear regression analysis using blood pressure at follow-up as outcome will be conducted to
analyse the associations between retinal vessel diameters and the development of high blood pressure.
To analyse whether changes in physical activity and fitness during the four-year follow-up are associated
with retinal vessel diameters, BMI, blood pressure and psychosocial health, linear mixed regression
models will be calculated using school as random effect. For a sample size of 250 children with complete
data, using the estimated effect size and residual standard deviation of the 2014 baseline data, the power
is estimated to be around 95%.

The study offers a unique integral concept that aims to set the grounds for a healthy and active lifestyle
approach during childhood. It has the potential to deliver clinically relevant missing longer-term data
to improve primary cardiovascular prevention in childhood. It will help to optimize cardiovascular risk
stratification in childhood to identify those at risk of disease progression later in life. In collaboration with
the Cantonal Office of Sport and the Department of Education of the City of Basel the results of the
study will be directly embedded into prevention strategies for additional physical activity programs in and
around school.
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