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GRAPHICAL ABSTRACT

e Risk factors in childhood predict car-
diometabolic diseases in adulthood.

o We studied the earliest age when obesity
and dyslipidemia could be predicted.

e Body mass index started to track adult
stratification at age nine.

e Lipoprotein  cholesterol  biomarkers
started tracking at age 1.3 years.

e Prediction was statistically robust but
not deterministic at individual level.

Aim of the study

To determine the earliest age when
cardiovascular risk factors start
tracking adult population patterns

Main findings

Adult-like population stratification
in body mass was observed at age
nine, and in total cholesterol before
age two. Tracking between
childhood and adulthood over 31-
year period was moderate (20-30%
of biomarker variance explained).

Conclusions

Risk factors emerge early in life, but
lack personal precision, thus we
highlight the importance of broad
population-wide prevention to
reduce the overall occurrence of
cardiometabolic diseases.
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Background and aims: Cardiovascular risk factors such as overweight and high cholesterol in childhood are
predictive of high disease risk in adulthood. However, the optimal timing and scope of early prevention remains
uncertain due to sparse data. Our aim was to identify the earliest age at which adult-like cardiometabolic
stratification emerges in population-based time-series of the first five decades of life.

Methods: Children born in 1962-1992 were included from three European cohorts (local community samples).
Suitable measurement series of weight, height and lipoprotein lipids were analyzed for 5683 participants (ages
0-49 years, follow-ups 10-31 years depending on cohort). Longitudinal tracking was quantified by autocorre-
lation (R?) over the same individuals between two visits at least a decade apart. The pattern of R? as a function of
age at the first visit was examined to identify the earliest age when adult-like plateau was reached.

Results: Autocorrelation of body mass index was low in children under four (R? <12%), but reached adult levels
at age nine (RZ = 51% for 10-year follow-up and R? = 27% for 31-year follow-up). Lipoprotein lipids did not
exhibit a reduction in autocorrelation at young ages. For circulating cholesterol, 10-year autocorrelation at 15
months of age was R? = 30%.

Conclusions: Adult-like cardiometabolic stratification is detectable in young children, but accuracy (without
extreme indication) may be too low for personalized risk prediction. Consequently, we emphasize broad pre-
ventative programs that extend into adulthood to reduce the overall prevalence of cardiometabolic risk factors in

the population.

1. Introduction

Previous prospective studies have established predictive associations
between early life factors and cardiovascular events later in life [1-4].
Examinations of human arteries suggest that cardiovascular disease
(CVD) may begin already in childhood for a substantial proportion of the
population [5,6]. Several studies have also identified the same patterns
of dyslipidaemia, obesity and hypertension in children with athero-
sclerotic indications that are typically observed in adults at high risk of
cardiovascular disease [5,7]. These and other findings have prompted
calls to extend primary CVD prevention into young individuals [1,3,8]
and, by extension, to develop methods to detect high-risk individuals as
early as possible as the prerequisite for personalized interventions.

The earliest age when CVD risk can be identified reliably remains an
open question due to the sparsity of longitudinal data. Yet such infor-
mation is crucial evidence for setting the timing and target populations
for primordial CVD prevention. In a concurrent manuscript, we
modelled lifetime cardiometabolic health stratification from cradle to
grave using a comprehensive collection of molecular and anthropo-
metric time-series data from several European cohorts and showed how
the stratification was predictive of clinical outcomes in old age [URL:
https://medrxiv.org/cgi/content/short/2026.04.01.26349266v1]. In

this study, we leveraged the same material to determine the youngest
age at which the aforementioned lifetime stratification emerges in
children.

2. Materials and methods

The datasets included in the analyses are listed in Supplementary
Table S1 and S2. Children born in 1962-1992 were recruited by the
Avon Longitudinal Study of Parents and Children (ALSPAC [9-12]), the
Special Turku Coronary Risk Factor Intervention Project (STRIP [13,
14]) and the Cardiovascular Risk in Young Finns Study (YFS [15]). Body
mass and standard clinical assays for lipoprotein lipids were available
for a total of 14,857 participants. Data from at least two time points were
available for 13,548 participants. We then identified pairs of visits from
each cohort, respectively, that were spaced close to uniform intervals
(Fig. 1A and 2; Supplementary Table S2); this was necessary to mitigate
confounding from follow-up time [16]. For ALSPAC, we identified three
visit pairs with a mean follow-up of 9.6 years as eligible for statistical
analyses (3538 participants). For STRIP, seven visits pairs with a
follow-up of 9.7 years were selected (618 participants). Unlike the two
birth cohorts, YFS included six peer groups at launch and we included
the data from 1980 to 2011 in this study (1527 participants, 31 years of
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follow-up).

We calculated Pearson correlation coefficients (i.e. autocorrelation)
between the first and second visit for each of the visit pairs listed in
Supplementary Table S2 to quantify the tracking between childhood and
adulthood risk factors. Bootstrap samples of autocorrelation were
calculated separately for males and females from 1000 randomly picked
participant subsets with replacement. Final results were calculated from
meta-bootstrap samples averaged between sexes (weighted by sex dis-
tribution), and then calculating the central and interval estimates for
autocorrelation over the samples. P-values for sex differences were
calculated from the meta-bootstrap differences between males and fe-
males. All analyses were conducted using the R statistical environment
version 4 (The R Foundation, Institute for Statistics and Mathematics,
Wirtschaftsuniversitat Wien, Vienna, Austria).

3. Results

Autocorrelation for body mass index stabilized across the cohorts at
nine years of age (Fig. 1B). For example, autocorrelation in YFS was
weak between the ages 3 and 34 (R®=8. 2%; CI95: 1.8%, 16.7%), but we
detected stronger associations for baseline ages nine (R = 27.3%; CI95:
17.0%, 36.8%) and twelve (R? = 26.9%; CI95: 17.4%, 36.5%). The same
pattern was observed in STRIP, where autocorrelation was weaker be-
tween the ages 1.3 and 11 R? = 11.5%; CI95: 6.4%, 16.9%), but com-
parable for ages 9 and 18 (R? = 51.3%; CI95: 42.8%, 59.2%) and ages 15
and 26 (R? = 51.0%; CI95: 42.4%, 60.1%). The results from ALSPAC
were compatible with these findings (Fig. 1B).

We did not observe a robust difference in lipoprotein lipid autocor-
relation between young and older children. For example, cholesterol in
STRIP (Fig. 1D) between ages 1.3 and 11 (R2 = 29.8%; CI95: 22.2%,
37.4%) was comparable to the autocorrelation between ages 15 and 26
R? = 28.8%; CI95: 19.1%, 38.5%). Cholesterol autocorrelation in the
YFS was lower for ages 3 and 34 (R?=21. 5%; CI95: 12.1%, 31.6%), then
higher for ages 12 and 43 (R? = 32.7%; CI95: 23.0%, 41.9%), but again

A Autocorrelation over a fixed period At B Body mass index
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lower for ages 18 and 49 (R? = 17.1%; CI95: 8.4%, 27.2%). Low-density
lipoprotein cholesterol was similar to total cholesterol (Fig. 1D and E).
For high-density lipoprotein cholesterol (Fig. 1F), we observed no clear
pattern regarding the baseline age. Based on these results, autocorrela-
tion of lipoprotein lipids (at population level) stabilized already in the
second year of life.

The five most statistically robust sex differences were observed for
high-density lipoprotein cholesterol (R?> = 23.9% in males and
R? = 45.7% in females, p = 0.0068 for difference) and triglycerides
(R? = 2.8% in males and R? = 17.2% in females, p = 0.0083) in STRIP
between ages 9 and 18 years, for high-density lipoprotein cholesterol
(R2 = 1.4% in males and R? = 5.2% in females, p = 0.024) in ALSPAC
between ages 0 and 10, and for low-density lipoprotein cholesterol
(R? = 45.9% in males and R? = 22.5% in females, p = 0.029) and total
cholesterol (R? = 42.0% in males and R? = 23.1% in females, p = 0.053)
in YFS between ages 12 and 43.

4. Discussion

Previous studies have demonstrated cardiometabolic associations
between children and adults and in relation ageing [1,3,4,8,17,18]. This
study provides new detailed information on the specific ages when the
epidemiological patterns of adult phenotypes become observable: excess
weight accumulation was detectable at age nine, while lipoprotein
stratification was seen already in toddlers. Autocorrelation with adult
lipid concentrations decreased slightly in mid teens, which is likely
explained by the additional variation related to puberty [19].

The combination of childhood and adulthood measurements from
the same individuals enabled us to adopt a robust autocorrelation design
with carefully controlled follow-up times. This new perspective into
biomarker tracking is a strength of this study and we also demonstrated
converging evidence from three independent cohorts. On the other
hand, the molecular scope was limited to a few clinically important
biomarkers and the dataset included only North European participants.
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Fig. 1. Pearson autocorrelations between selected pairs of visits for cardiometabolic biomarkers in three longitudinal European cohorts. (A) A schematic illustration
of the study design for a hypothetical birth cohort of five visits, and how the pairing of selected visits leads to a set of observations where the time gap At is constant.
The same idea was also applied to the Cardiovascular Risk in Young Finns Study, except that the variation in the baseline age was derived from the six peer groups of
the original data collection instead of successive visits by children from a single peer group. (B-F) Squared correlation coefficients and their 95% confidence intervals.
Logarithmic transform was applied to triglycerides to avoid artifacts from large values. Abbreviations: ALSPAC (Avon Longitudinal Study of Parents and Children),
STRIP (The Special Turku Coronary Risk Factor Intervention Project), YFS (Cardiovascular Risk in Young Finns Study).
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Furthermore, health behaviors and socio-economic factors in different
age cohorts across life stages may explain the biomarker patterns. This is
an observational study and the evidence should not be considered
causal.

While the observed autocorrelations were statistically robust, the
magnitudes over multiple decades were modest regarding personalized
prediction (typically between 20% and 40% variance explained). It is
possible that deeper phenotyping could improve the prediction accuracy
beyond the classical biomarkers, however, we speculate that the pro-
found biological, behavioural and social changes that happen during the
growth and development of children is the more likely explanation for
the low accuracy. On the other hand, when increased lifetime cardio-
vascular risk is indicated by family history, for example, the early
emergence of the adult-like biomarker patterns is a compelling reason to
intervene. Weak autocorrelations also indicate that cardiometabolic
destiny may not be fixed until later in life and therefore there is a
window of opportunity to adjust high-risk trajectories at earlier ages
with broad and targeted initiatives that improve the cardiometabolic
health across multiple metrics [20].
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