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Body fat percentage and CRP correlates
with a composite score of vascular risk
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Abstract

Background: Identification of early signs of atherosclerosis in young adults have the potential to guide early
interventions to prevent later cardiovascular disease. We therefore analyzed measures of vascular structure and
function and biomarkers of cardiovascular risk in a sample of young healthy adults.

Methods: Pulse-wave velocity (PWV), carotid-intima media thickness (cIMT) and augmentation index (AIX) were
measured in 834 healthy non-smokers (ages 18.0–25.9). Emphasis was put on discriminating between individuals
having a vascular structure and function associated with a higher or lower risk, and cluster analysis algorithms were
employed to assign the subjects into groups based on these vascular measurements. In addition, a vascular status
score (VSS) was calculated by summarizing the results according to quintiles of the vascular measurements. The
associations between VSS and cardiovascular biomarkers were examined by regression analyses.

Results: The cluster analyses did not yield sufficiently distinct clustering (groups of individuals that could be
categorized unequivocally as having either a vascular structure and function associated with a higher or lower CVD
risk). VSS proved a better classificatory variable. The associations between VSS and biomarkers of cardiovascular risk
were analyzed by univariable and multivariable regressions. Only body fat percentage and C-reactive protein (CRP)
were independently associated with VSS.

Conclusions: A VSS calculation, which integrates PWV, cIMT, and AIX measurements is better suited for
cardiovascular risk evaluation in young adults than cluster analyses. The independent associations of VSS with body
fat percentage and CRP highlight the decisive role of adiposity and systemic inflammation in early atherosclerotic
progression and suggests a subordinate role of insulin and lipid metabolism in this age span.

Keywords: Cluster analysis, Cardiovascular risk, Endothelial dysfunction, Obesity, Atherosclerosis, Young adults, Body
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Background
The progression from a silent presence of atherosclerosis
to symptomatic disease is characterized by a gradual
buildup of plaques that are initially asymptomatic [1, 2].
Autopsies of children have shown that the atheroscler-
otic process begins early [3, 4]. The process typically
evolves over half a lifetime and cardiovascular disease
(CVD) is accordingly uncommon in young individuals
[5, 6], with so called premature CVD representing only a
minor part of total cardiovascular incidents. The long
duration of this preclinical phase stresses the importance
of studying the early stages of vascular pathology [7].
Risk factors present in childhood predict a higher life-
time risk of CVD [8, 9], suggesting that cardiovascular
morbidity and mortality might be counteracted by early
detection followed by intervention in individuals at risk.
Physiological measurements of vascular stiffness and

vessel wall thickness serve as surrogate risk markers of
future cardiovascular risk [10, 11]. Well-established and
widely used vascular measures are carotid intima-media
thickness (cIMT), pulse wave velocity (PWV) and
augmentation index (AIX) [12–14]. They measure differ-
ent vascular properties in distinct parts of the arterial
tree, but are not entirely independent of each other, and
covary to some extent [15]. An individual with increases
in markers of both stiffness and thickness would there-
fore be thought to have a more pronounced preclinical
atherosclerosis than an individual with only a single
increased marker.
In female subjects, contraceptive use was included in

the model to examine its interaction with vascular struc-
ture and function. Studies examining the effect of exogen-
ously administered estrogen on vascular measurements
have yielded conflicting results [16–19], and have not ex-
amined young populations. Exogenously administered es-
trogen is previously known to affect baseline levels of
markers of systemic inflammation [20–22].
The purpose of the observational Lifestyle, Biomarkers

and Atherosclerosis study (the LBA study) is to identify risk
factors and biomarkers related to the early stages of the ath-
erosclerotic process, and to make use of the findings to im-
prove the preventive management of cardiovascular
disease. In this study, we employed cluster analyses, math-
ematical pattern recognition methods used to identify sub-
groups within a given data set [23]. This was done in order
to estimate cardiovascular risk in the different clusters, by
comparing them with a set of established CVD biomarkers,
encompassing metabolic markers, markers of inflammation
and measurements of body composition [24–26].

Methods
Study population
The LBA sample consists of 834 Swedish adults between
18 and 25.9 years of age. Subjects were recruited by

advertising at the Örebro University, and a local news-
paper. A validated computerized questionnaire was used
to assess the subjects’ lifestyle habits and served as verifi-
cation that they met the inclusion criteria of being non-
smokers not suffering from chronic diseases [27]. The
subjects were asked to report any medication they were
using, including contraceptives. Based on the responses,
females were grouped into estrogen containing contra-
ceptive users (hereafter called “estrogen users”) and non-
estrogen containing contraceptive users (“non-estrogen
users”). A small portion of the subjects did not report
the name of the contraceptive, but only that they were
using some kind of oral contraceptives. In Sweden, com-
bined estrogen and gestagen containing contraceptives
are the most common choice of oral contraceptives [28].
Therefore, we made the decision to include these sub-
jects in the estrogen users group. As a precautionary
measure, the statistical analyses involving contraceptive
use were recalculated, with the individuals who did not
report the name of their contraceptive assigned to the
non-estrogen group instead of the estrogen one.

Body composition examination
Height was measured with a fixed stadiometer to the
nearest 0.5 cm, with the subjects standing without shoes,
heels together, back straight, and arms extended along-
side the body. Body fat percentage was measured using a
bioelectrical impedance body composition analyzer
(Tanita BC-418 MA; Tanita Europe B.V., Amsterdam,
the Netherlands). Adjustments were made with 1 kg for
clothes and the standard setting was used.

Vascular examinations
Blood pressure was measured after 15min of rest in the
left arm using a digital automated device (Dinamap V100;
GE Healthcare, Buckinghamshire, UK) with Dura-Cuf (GE
Critikon Dura-cuf; GE Medical Systems, Milwaukee, WI,
USA). The subjects came for two visits on two different
days to the university examination room and their blood
pressure was registered on both occasions.
The cIMT was measured using a high-resolution ultra-

sound B-mode system, (GE Healthcare, Vivid E9, Chi-
cago, Illinois, US) with a 12MHz linear array transducer,
as previously described [29]. An average of three mea-
surements was reported for each subject [30].
Stiffness measures (PWV and AIX) were registered

using applanation tonometry, using SphygmoCor (AtCor
Medical Pty Ltd., SphygmoCor, Sydney, Australia) as
previously described [31–33].
PWV was measured in the supine position. Carotid

and femoral pulse waves were recorded with simultan-
eously ECG recording, and the PWV (m/s) calculated as
PWV = distance between measurement locations (m) /
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transit time (s) for the pulse wave. A higher PWV indi-
cates an increased vessel stiffness.
For AIX, the radial artery tonometry was performed at

the subject’s right wrist. The aortic pressure waveform
was derived from the radial waveform by a validated
transfer function. AIX is calculated from the aortic pres-
sure waveform and adjusted to heart rate 75 beats per
minute (AIx_HR75). An average of AIx_HR75 from
three measurements was reported for each subject. A
higher AIX indicates an increased vessel stiffness [34].

Serum biomarker analyses
Samples were collected after an overnight fast into so-
dium citrate fluoride vacutainer tubes for glucose ana-
lysis and serum and plasma vacutainer tubes for the rest
of the analyses (BD Vacutainer; BD AB, Stockholm,
Sweden). Serum was left to clot for at least 30 min be-
fore centrifugation and subsequent analysis. CRP, Oro-
somucoid, Apolipoprotein A-1 (Apo A-1) and
Apolipoprotein B (Apo B) were analyzed on a Siemens
ADVIA 1800 Chemistry instrument with a coefficient of
variation (CV) of 5% at 0.74 mg/L with the Siemens
High Sensitivity CRP Assay (ADVIA 1800 Chemistry
System; Upplands Väsby, Sweden). The Apo A-1 assay
had a CV of 4% at 0.9 g/L and the Apo B assay a CV of
5% at 1.5 g/L. Orosomucoid had a CV of 4% at 0.47 g/L
using the DAKO orosomucoid immunoturbidimetry
assay (Agilent, Santa Clara, California, USA). Total chol-
esterol (CHOL), Triglycerides (TG), high-density lipo-
protein (HDL) and glucose were assayed colorimetrically
with Vitros MicroSlide technology (5.1TM FS; Clinical
Chemistry Instruments, Raritan, NJ, USA). Direct low-
density lipoprotein (LDL) was assayed by a two-step col-
orimetric assay with Vitros MicroWell technology.
CHOL (3% CV at 3.9 mmol/L), TG (CV of 4% at 1.3 g/
L), HDL (6% CV at 1.0 mmol/L), LDL (5% CV at 2.4
mmol/L) and glucose (4% CV at 4.6 mmol/L) were ana-
lyzed on a Vitros 5.1 system (Vitros 5.1TM FS, Clinical
Chemistry Instruments, Raritan, NJ, USA). Insulin was
analyzed with the Abbott Architect Insulin Assay, a
sandwich immunoassay using chemiluminescence detec-
tion with a CV of 7% at 8.0 mIU/L on an Architect
i2000SR unit (Abbott, Abbot Park, IL, USA).

Statistical analyses
Statistical analyses were performed with R ver 3.4.3 (R
Foundation for Statistical Computing, Vienna, Austria).
The vascular measures used in the cluster analyses were
PWV, AIX and cIMT. The following cluster analysis al-
gorithms were used: k means clustering, agglomerative
nesting hierarchical cluster analysis (AGNES) and parti-
tioning around medoids cluster analysis (PAM). Some of
the algorithms allow machine identification of the ideal
number of clusters in a model, while others require a

trial and error approach, where each analysis is done
with a predetermined number of clusters. Silhouette
analyses permit the creation of silhouette plots visualiz-
ing the separation distance of the clusters, serving as an
assessment of the quality of the cluster analysis models
based on the number of predetermined clusters. A high
silhouette index is suggestive of a good fit of the pro-
duced clusters. The optimal number of clusters was also
evaluated using the Elbow method where a bend in the
plot of the total within-cluster sum of squares is gener-
ally considered an indicator of the appropriate number
of clusters.
In addition to the cluster analyses, an alternative

model was devised in order to determine subgroups
within the population. First, the vascular measures were
transformed into z scores, one for each variable, calcu-
lated separately for males and females. The z scores were
categorized into Vascular Status Scores (VSS) based on
either median, tertiles and quintiles for the cIMT, PWV
and AIX measurements, respectively. Each category was
assigned a number, starting with 0, corresponding to the
lowest category, adding 1 for each additional category.
The range of scores was thus 0–3 for the median based
score and 0–6 and 0–12 for the tertile and quintile
based, respectively. For each individual, the assigned
numbers of the three variables were added, forming the
VSSMedian, VSSTertile and VSSQuintile. A higher VSS indi-
cates an unfavorable vascular structure and function.
Univariable regression models were performed to com-

pare the VSS to the established risk factors. Multivariable
regression models were then performed with the variables
found to be significantly associated with the VSSs, to
examine possible confounding factors and identify risk
factors independently associated with an unfavorable vas-
cular structure and function in a young population.

Results
Baseline characteristics of the study population are
shown in Table 1. Of the total population, 35 subjects
(1.6% of the total population, 4 of which were females)
had a systolic blood pressure above 140 mmHg during
the first visit for examination. 13 of these (2 females)
had a systolic blood pressure above 140 mmHg during
the second measurement as well. None of the partici-
pants had a diastolic blood pressure above 90mmHg.
Blood pressure is included in the examination of PWV
and AIX, and is an important predictor of increasing
PWV in follow-up studies [35]. Significant differences in
some of the lipid biomarker concentrations were seen
between males and females (CHOL and Apo B/Apo A-1
ratio). Between men and estrogen users, all included lipid
biomarkers differed significantly. Estrogen users had
higher LDL and TG concentrations than non-estrogen
users. The mean concentrations of the biomarkers of
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inflammation, CRP and orosomucoid, differed between es-
trogen users and non-estrogen users. As for the vascular
structure and function measures, PWV differed between
all groups. AIX differed between men and women, but no
difference was seen based on contraceptive use. Sensitivity
analysis with recalculation of Table 2, with the individuals
who did not report the name of their contraceptive

assigned to the non-estrogen group instead of the estrogen
one, yielded similar results (Additional file 1: Table S1).
The three measures of vascular structure and function,

cIMT, PWV and AIX, were entered into cluster analyses
using the different cluster analysis algorithms, AGNES,
PAM and k-means clustering. None of these clustering
algorithms yielded distinct clusters, corresponding to

Table 1 Baseline characteristics of the studied population sample

Males
(n = 257)

Females, non-estrogen users
(n = 428)

Females, estrogen users
(n = 149)

p value M vs
NEF

p value M vs
EF

p value NEF vs
EF

Age 22 ± 2.0 22 ± 2.0 22 ± 1.6 0.69 0.27 0.58

Body fat (%) 15 ± 5.6 28 ± 6.8 27 ± 5.9 < 0.001 < 0.001 0.42

LDL (mmol/L) 2.3 ± 0.69 2.2 ± 0.69 2.5 ± 0.79 0.36 < 0.001 < 0.001

HDL (mmol/L) 1.2 ± 0.28 1.4 ± 0.35 1.5 ± 0.41 < 0.001 < 0.001 0.81

CHOL (mmol/L) 4.0 ± 0,79 4.3 ± 0.77 4.4 ± 0.77 0.0034 < 0.001 0.0042

TG (mmol/L) 0.79 ± 0.35 0.75 ± 0.32 0.99 ± 0.39 0.25 < 0.001 < 0.001

Fasting serum insulin
(mIE/L)

7.5 ± 3.7 8.1 ± 4.7 8.2 ± 4.4 0.32 0.56 0.99

Apo B (g/L) 0.77 ± 0.18 0.78 ± 0.18 0.83 ± 0.20 0.97 < 0.001 < 0.001

Apo A-1 (g/L) 1.4 ± 0.21 1.5 ± 0.27 1.7 ± 0.325 < 0.001 < 0.001 < 0.001

Apo B/Apo A-1 ratio 0.56 ± 0.14 0.51 ± 0.14 0.50 ± 0.15 < 0.001 0.032 0.75

CRP (mg/L) 1.3 ± 2.7 1.4 ± 2.8 4.1 ± 7.1 0.99 < 0.001 < 0.001

Orosomucoid (g/L) 0.72 ± 0.16 0.69 ± 0.17 0.60 ± 0.17 0.30 < 0.001 < 0.001

Systolic BP (mmHg) 122 ± 11 109 ± 9.0 112 ± 7.5 < 0.001 < 0.001 0.0034

Diastolic BP (mmHg) 64 ± 6.7 64 ± 6.0 65 ± 6.9 0.089 0.75 0.015

PWV (m/s) 5.6 ± 0.86 5.2 ± 0.69 5.3 ± 0.9 < 0.001 0.092 0.0045

AIX (%) −8.4 ± 9.5 −5.0 ± 10 −4.7 ± 9.1 < 0.001 0.0019 0.99

cIMT (mm) 0.60 ± 0.073 0.49 ± 0.057 0.50 ± 0.055 0.48 0.18 0.61

Values are presented as mean ± SD (standard deviation). P value: comparison between groups by ANOVA with Tukey post hoc comparison. M males. NEF Non-
estrogen using females. EF estrogen using females. LDL low-density lipoprotein. HDL high-density lipoprotein. TG triglycerides. CHOL total cholesterol. Apo B
apolipoprotein B. Apo A-1 Apolipoprotein A-1. CRP C-reactive protein. BP Blood pressure. PWV pulse-wave velocity. AIX Augmentation index. cIMT carotid-intima
media thickness

Table 2 Univariable analysis. The relationship between Vascular Status Scores and biomarkers of cardiovascular risk in univariable
analyses

VSSMedian VSSTertile VSSQuintile

β Median (95% CI) p β Tertile (95% CI) p β Quintile (95% CI) p

LDL 0.10 (0.045; 0.16) < 0.001 0.12 (0.024; 0.22) 0.014 0.25 (0.073; 0.42) 0.0054

HDL −0.011 (− 0.070; 0.047) 0.71 −0.013 (− 0.11; 0.86) 0.80 0.008 (− 0.17; 0.18) 0.93

TG 0.014 (−0.044; 0.073) 0.63 0.089 (−0.0091; 0.19) 0.075 0.13 (−0.046; 0.30) 0.15

CHOL 0.97 (0.39; 0.16) 0.0011 0.12 (0.022; 0.22) 0.017 0.23 (0.061; 0.41) 0.0082

ApoB/ApoA-1 ratio 0.077 (0.019; 0.14) 0.010 0.068 (−0.031; 0.17) 0.18 0.14 (−0.032; 0.32) 0.11

Insulin 0.050 (−0.0091; 0.11) 0.097 0.11 (0.10; 0.21) 0.031 0.18 (0.005; 0.35) 0.044

Glucose 0.061 (0.020; 0.12) 0.043 0.10 (0.0021; 0.20) 0.045 0.17 (−0.005; 0.34) 0.056

Body fat percentage 0.10 (0.45; 0.16) < 0.001 0.20 (0.10; 0.30) < 0.001 0.36 (0.19; 0.54) < 0.001

CRP 0.063 (0.0039; 0.12) 0.037 0.17 (0.075; 0.27) < 0.001 0.31 (0.13; 0.48) < 0.001

Orosomucoid 0.067 (0.0085; 0.13) 0.025 0.10 (0.0044; 0.20) 0.041 0.16 (−0.016; 0.33) 0.076

Estrogen contraceptive use (yes/no) 0.0074 (−0.16; 0.17) 0.93 0.13 (−0.15; 0.40) 0.36 0.30 (−0.19; 0.78) 0.23

β β coefficient. CI confidence interval. The variables were z score transformed before regression analysis. Abbreviations: see Table 1
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groups of individuals with a vascular structure and function
distinctly associated with a higher or lower risk of CVD. A
substantial overlap was seen between the formed clusters
(Fig. 1). The k-means algorithm, when restricted to 3 clus-
ters, fared the best (Fig. 1a); however, when plotting the
mean values of the respective Z-scores for the three vascu-
lar structure and function measures (PWV, cIMT, AIX) in
the three k-means clusters, it showed that the clusters did
not manage to unequivocally separate subjects with the best
vs. the poorest vascular health as defined by all three mea-
sures, i.e. low-low-low vs. high-high-high (Fig. 2).

We therefore tried an alternative approach, construct-
ing a vascular status score (VSS; see Methods). The rela-
tionship between the VSS calculations with the
established markers of cardiovascular risk was analyzed
by univariable regression analyses, using the VSSs as the
dependent variable, in separate analyses. As seen in
Table 2, serum lipid biomarkers related to the LDL par-
ticles, LDL, CHOL and ApoB/ApoA-1 ratio, as well as
metabolic biomarkers insulin and glucose were signifi-
cantly associated with most of the VSS calculations.
Lipid biomarkers HDL and TG, however, were not.

Fig. 1 Clusters indicated by the first two principle components in the k-means (a), PAM (b) and AGNES (c) cluster analyses
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Inflammatory biomarkers CRP and orosomucoid were
significantly associated with all three VSSs, with only
one exception (orosomucoid and VSSQuintile). In women,
estrogen contraceptive use did was not significantly as-
sociated with either of the VSSs. A recalculation after re-
classification of the individuals who did not report the
name of their contraceptives gave rise to the same result
(data not shown). In general, the analyses yielded similar
results and p values, irrespective of the type of VSS used.
The VSSQuintile was chosen for further multivariable ana-
lysis. To examine possible independent associations be-
tween the VSS and the biomarker variables, the variables
with a p value lower than 0.1 in the univariable analyses
(Table 2) were included in the multivariable analysis
(Table 3). Among these, the serum lipid biomarkers
LDL and CHOL, and metabolic biomarkers insulin and
glucose did not display an independently significant as-
sociation with VSSQuintile. Despite a probably high collin-
earity among some of the biomarkers entered into the
model, body fat percentage and inflammatory biomarker
CRP remained significantly associated with VSSQuintile.

The R2 of the final model was low: 0.027. As a sen-
sitivity analysis, the same statistical analyses as in
Table 2 and Table 3 were repeated excluding the 13
subjects with elevated systolic blood pressure at both
test occasions. The results were similar in the sensi-
tivity analysis with β coefficients and significances

Fig. 2 Boxplot visualization of the mean PWV, AIX and cIMT for each of the three clusters, as obtained by the k-means cluster analysis. The
vascular variables are z-score transformed

Table 3 Associations between VSSQuintile and biomarkers of
cardiovascular risk in multivariable regression analysis

β (95% CI) p

LDL 0.062 (−0.24; 0.36) 0.69

CHOL 0.14 (−0.16; 0.43) 0.34

Insulin −0.037 (− 0.24; 0.17) 0.72

Glucose 0.14 (−0.51; 0.32) 0.16

Body fat percentage 0.27 (0.73; 0.46) 0.0068

CRP 0.22 (0.026; 0.41) 0.029

Orosomucoid −0.004 (−0.20; 0.19) 0.97

Abbreviations: see Table 1
Of the variables in the univariate analysis (Table 2), only those with a p value
< 0.1 in univariable analyses were entered into the equation
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being in accordance with the original analyses
(Additional file 1: Tables S2 and S3).

Discussion
Theoretical advances in the understanding of how risk
factors for atherosclerosis start operating long before
any clinical diagnoses have become apparent are increas-
ingly recognized [36, 37], and highlight the necessity to
start intervention efforts in individuals at risk as early as
possible. The vascular health at the young age studied in
the LBA cohort (18–26 yr) is likely to be only subtly al-
tered even in the most vulnerable subgroup(s) as the
study population was selected for being healthy, exclud-
ing individuals diagnosed with any disease that could
have an effect on vascular measurements or biomarkers.
In a healthy population with a low pre-test risk, the
choice of risk stratification modality would ideally be
made based on its sensitivity of detection of minor dis-
advantageous changes in an early, asymptomatic stage,
as well as whether the modality chosen confers any add-
itional risk to the subjects, i.e. only non-invasive tests
are warranted [38]. Risk assessment modalities recom-
mended in the management of stable CVD, such as
nuclear imaging or computer tomography based examin-
ation [39] may not be validated or feasible as tools for a
population screening. cIMT is well-established as a sur-
rogate measurement of risk. It is described to increase
0.6 μm/year and to be associated with increased risk in
the longitudinal Cardiovascular Risk in Young Finns
Study [40]. PWV, AIX and cIMT, the modalities of
choice in this study have been shown to be associated
with risk factors for future CVD in children. The stron-
gest associations were found in children with more obvi-
ous risk, such as obesity and non-alcoholic fatty liver
disease [41–43]. In our population, albeit older, but se-
lected for being healthy the associations found between
VSS and biomarkers of CVD risk are likely to explain a
rather low percentage of the total variance of VSSs in
our sample. It is likely that the benefit of the VSS calcu-
lation would increase with increasing age of the subjects
as more and more would have started to develop adverse
changes in both vascular structure and function mea-
surements. Nonetheless, any demonstrable associations
suggest that endeavors towards combating such risk fac-
tors have a prioritized role in the prevention or slowing
of atherosclerotic progression in young individuals. In
this study, we found that the adverse consequences of an
increased body fat percentage and systemic inflamma-
tion independently correlate with arterial physiology,
and is detectable as a worsening of vascular measure-
ments in a process that begins already in early adult-
hood. Among females, there was a significant difference
in mean PWV between estrogen users and non-estrogen
users in the population (Table 1). However, no

relationship between contraceptive use and vascular
structure and function, as estimated by the VSS, was
found in the regression models (Table 2). The possible
effect of estrogen on the endothelial function is likely
subtle and could be thought to affect arterial stiffness
measurements, such as PWV, before an effect of vascular
remodeling, such as increased cIMT, is seen. Previous
investigations on the effect of exogenous estrogen on
vascular health have mainly examined postmenopausal
women and have given contradictive results, with some
studies reporting beneficial effects and others not [16,
17, 44, 45]. To our knowledge, only three studies have
examined arterial stiffness in relation to estrogen contra-
ceptive use. As was the case in our population (Table 1),
one of the studies found a higher PWV among estrogen
contraceptive users [46], while two studies [47, 48]
found no such difference. In summary, any possible es-
trogen effect on vascular status measures is likely subtle
in premenopausal women.
Cardiovascular risk profiling based on blood bio-

markers is often improved when based on more vari-
ables [38, 49]. Similarly, the limitation of individual
vascular status measures suggests that using more than
one marker yields a more reliable appraisal of an individ-
ual’s vascular status and risk [15, 50, 51]. The cluster
analyses are pattern oriented, established on assump-
tions of the existence of subjacent structures in the data
set and based on grouping of individuals [52], while the
vascular status score (VSS) introduced here determines
subgroup profiles based on the sum of scores of the in-
cluded variables. The individuals who formed the ex-
treme groups, corresponding to the subjects having the
best or worst vascular structure and function according
to the VSSQuintile, were not identified as constituting an
unfavorable subgroup by any of the cluster analyses. A
variable oriented approach (VSS) thus performed better
in singling them out as belonging to an extreme category
with respect to their vascular status.
In univariable analyses, LDL, TG, CHOL, fasting insulin,

body fat percentage and CRP were significantly associated
with VSSQuintile, but not HDL, Apo B/Apo A-1 ratio, glu-
cose, orosomucoid or estrogen contraceptive use in
women. In multivariable analyses, only body fat percent-
age and CRP remained independently significant predic-
tors of VSSQuintile (Table 3). CRP is well established as a
risk factor [53]. In children as young as 8–9 of age, CRP
concentration is associated with higher arterial stiffness
[54]. The association between CRP and body fat percent-
age and vascular measurements remained significant upon
sensitivity analysis, excluding the hypertensive subjects,
which emphasizes the robustness of the association and
the importance of inflammation and adiposity in vascular
health in this population. The R2 of the final model was
low, as expected in a cohort of young subjects selected for
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health by excluding smokers, diabetes, and other chronic
diseases. Based on Natural Randomisation studies and
many traditional CVD risk studies [55, 56] there is no
doubt that lipid status (especially LDL cholesterol) and
metabolic syndrome with peripheral insulin resistance,
play important roles for CVD events in older age in sub-
jects with more pronounced atherosclerosis in place. The
fact that these biomarkers were not found to be significant
in this study suggests that the earliest drivers of the patho-
physiological process are adiposity and associated low-
grade inflammation, as seen in the multivariable analysis,
whereas lipid accumulation and macro- and microvascu-
lopathy develop at a later stage. The observed variation in
PWV and AIX measurements and their relation with bio-
markers of risk in the population are in accordance with
the idea that pathophysiologically, endothelial dysfunction
comes early in the atherosclerotic progression. Dysfunc-
tionality such as paradoxical vasoconstriction is seen in
mild CVD [57]. Similarly, the inflammatory component of
the pathophysiology of atherosclerosis is thought to come
early, in the form of an interplay between the immuno-
logically active endothelium and other tissues, such as the
liver, responding to proinflammatory signaling instigated
by endothelial receptor interaction with various sub-
stances [58]. This proinflammatory activity is probably de-
tectable at an early stage, by measurement of CRP,
whereas the resulting buildup such as smooth muscle cell
proliferation and leucocyte recruitment require a longer
duration of inflammatory load before being detectable and
making an impact on the vascular function and structure
[59, 60]. While well established as an important risk
marker and mediator [55], serum lipid concentration
seemed to have less of an impact at the early stage in the
LBA population of young, healthy subjects.
The methodologies used in this study were chosen for

being feasible and non-invasive, but it is possible that
other modalities would have been more sensitive. The
cross-sectional design of this study does not permit in-
ferences of causality in the associations found between
an unfavorable vascular status, and an increased body fat
percentage and CRP. However, a wealth of evidence
from the 1980’s and onwards has indicated inflammation
as a main mediator in the progressive endothelial dys-
function that is seen in atherosclerosis [14, 61]. Similarly,
childhood obesity is linked to an increased cardiovascu-
lar risk in adulthood compared to individuals whose
obesity started in adulthood [62, 63]. Inflammation has
been suggested as the key regulatory process linking
multiple risk factors, including obesity, to the onset of
atherosclerosis [61].

Conclusions
The cluster analyses of vascular structure and function
measures yielded unsatisfactory results (i.e. poor

discrimination between subjects having a vascular struc-
ture and function profile associated with an unequivo-
cally high or low CVD risk) in this study of young
healthy individuals, probably due to the close collinearity
of these measures. Therefore, we devised a variable ori-
ented approach, by scoring the measures of vascular
structure and function to compose VSS as a surrogate
endpoint in the context of the LBA population. The
serum concentration of C-reactive protein and the body
fat percentage were the only independently significant
predictors of VSSQuintile in this cohort. These findings
highlight the important role of chronic low-grade in-
flammation in the vascular health in young adults, and
underlines the importance of counteracting adiposity
already in young adulthood in preventing premature on-
set of preclinical atherosclerosis. Further studies are war-
ranted to establish relevant cut-off values for clinical use
in the preventive work in low risk groups.
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