It is vascular age that matters: How arterial functionomics
enhances biomarker based diagnostics.
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Figure 1a & b: Fidelity of Replication

Figure 2: ∆-Age by Group

Figure 3: ∆-Age by Age

Background:
Standard biomarker-based screening algorithms for atherosclerotic cardiovascular
disease (cvd) are dominated by unmodifiable chronological age as the most prominent
risk factor1.
While chronological aging is characterized by gradual loss of arterial functional, there
exists no method to comprehensively assess a patient's arterial functional parameters
which precludes their translation into a clinical vascular age.

Method:
We used a novel electronic model of the arterial tree (Vasometrix system, iSYMED
GmbH). which replicates a patient's pulse pressure curve by manipulating the elctronic
equivalents of all relevant physical parameters of arterial function. Replicative fidelity is
measured as percent congruence between the oscillometrically recorded and the
simulated wave tracing.
Data from 407 individuals (54% men), aged 21-92, were used for the analysis. A gender
specific age score was derived from the most significant functional markers. Survival data
from an equivalent sub-population of the Ludwigshafen Risk and Cardiovascular Health
(LURIC) follow-up study on fatal cvd hazard were used to translate this age-score into
chronological years. The difference between calendar age and clinical age is expressed as
∆-age.
Participants were grouped according to health status. Participants were also stratified
according to standardized scores for compliance, resistance, inertia and aortic pulse
wave velocity (aoPWV) into one of three groups for each score (<15th percentile;
>85th percentile; 15th-85th percentile).

Figure 4: ∆-Age by Meta Type

Results:
Pulse pressure curves were replicated with very high fidelity (M = 99.68%; SD = 0.33%)
(figure 1a & b).
An analysis of variance showed that the differences of means of ∆-age between the 4
groups (endurance trained, apparently healthy, presence of atherosclerotic disease w/o
endpoints, cvd endpoints) were significant, F(3, 386) = 51.29, p<0.001 (figure 2). Post hoc
analyses indicated that each group was significantly different from each other group.
The intra-individual differences between clinical vascular age and calendar age showed
no significant correlation with calendar age (figure 3).
Of the 81 possible 4-parameter strata combinations (meta types) 39 emerged, of which
15 meta types contained 10 or more individuals (figure 4). Meta types with similar
biological aging scores present with distinct profiles of functional parameters (figure 5).

Conclusion:
A clinical vascular ageing score derived from functional arterial parameters may be used
to improve calendar age-based risk prediction. Meta-typing by functional score
combinations may aid in the identification of individualized treatment strategies (e.g. in
hypertension) and for therapy control.

Figure 5: Functional Parameters of 2 MetaTypes with similar ∆-Age

Reference
1. Wald, N. J., Simmonds, M. & Morris, J. K. Screening for future cardiovascular disease using
age alone compared with multiple risk factors and age. PLoS One 6, e18742 (2011).

Copyright © 2017 Lutz E. Kraushaar et al.; lutz.kraushaar@adiphea.com

