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Abstract 

Background  Cardiovascular risk factors accelerate vascular ageing beyond chronological age, hence early vascular 
ageing (EVA). Carotid to femoral pulse wave velocity (cfPWV) is a measure of vascular ageing and is used to iden-
tify EVA and supernormal vascular ageing (SUPERNOVA). Vascular ageing is not completely understood in African 
populations. Therefore, we aimed to phenotype young South African adults stratified by cfPWV extremes in terms 
of non-modifiable and modifiable risk factors. This study included 1133 young adults (mean age: 24.5 years). We 
measured cfPWV using applanation tonometry. Body composition measures, self-reported 24-h dietary intake, smok-
ing and alcohol consumption were included. Fasting blood samples were analysed for biochemical risk factors. Three 
groups based on cfPWV percentiles were compared and included SUPERNOVA (≤ 10th percentile), average vascular 
ageing (AVA, between 10 to 90th percentile) and EVA (≥ 90th percentile).

Results  Chronological age, male sex, smoking, alcohol use, and blood pressure were incrementally higher 
across PWV groups (all p trend ≤ 0.007). Black ethnicity was higher (p = 0.038) in the SUPERNOVA group. In exploratory 
factor analysis, a factor pattern including mean arterial pressure and fasting glucose showed beneficial odds (OR 0.62, 
p = 0.002) for SUPERNOVA and higher likelihood (OR 2.10, p < 0.001) for EVA. Another factor pattern of socio-economic 
status and total dietary fat showed lower odds (OR 0.64, p = 0.003) for EVA.

Conclusion  Poor lifestyle behavioural risk factors seem detrimental in the EVA group conferring a possible higher risk 
of future CVD.
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1 � Background
Vascular ageing is the gradual change of the vascular 
structure and function which results in decreased arte-
rial elasticity and increased arterial stiffening over the 

life course [1]. Non-modifiable and modifiable risk fac-
tors accelerate an individual’s vascular age beyond the 
chronological age and causes a mismatch that is termed 
early vascular ageing (EVA) [2]. The extreme opposite of 
EVA also exists which manifests as the protection against 
accelerated biological ageing of arteries, a concept coined 
as super normal vascular ageing (SUPERNOVA) [2]. The 
vascular ageing process leads to arterial stiffening, a cen-
tral element in the manifestation of cardiovascular dis-
ease (CVD) [3]. Therefore, it is unsurprising that adults 
with EVA reach subclinical and clinical manifestations of 
CVD earlier than the average population while SUPER-
NOVA individuals have preserved arterial wall elasticity 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Artery Research

*Correspondence:
Yolandi Breet
Yolandi.Breet@nwu.ac.za
1 Hypertension in Africa Research Team (HART), North-West University, 
Private Bag X1290, Potchefstroom 2520, South Africa
2 South African Medical Research Council Unit for Hypertension 
and Cardiovascular Disease, North-West University, Potchefstroom, South 
Africa

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44200-024-00063-7&domain=pdf


Page 2 of 8Rooi et al. Artery Research 2024, 30:19

during the life course despite being exposed to similar 
risk factors as EVA [2]. Carotid-femoral pulse wave veloc-
ity (cfPWV) is the current gold standard measure of 
structural central arterial ageing as it considers arterial 
wall stiffness, -thickness and -lumen area, which are all 
components that can be altered by the cumulative effects 
of adverse risk factors.[4–8] More recently, alterations 
in arterial wall stiffness, -thickness and -lumen area was 
demonstrated by dilated hypertrophic carotid pheno-
types being linked to age-associated central arterial stiff-
ening resulting in cfPWV increase through the life course 
[9]. Therefore, the normal distribution of cfPWV values 
of a study sample can be used to define EVA and SUPER-
NOVA using lower 10th and upper 90th percentiles [10].

The determinants of an adverse vascular ageing phe-
notype include non-modifiable risk factors such as older 
chronological age, sex, ethnicity, socioeconomic status 
(SES), or modifiable risk factors such as smoking, alcohol 
consumption, high saturated fat and sugar diet, and phys-
ical inactivity [2, 11]. Different cardiovascular risk scores 
have cemented the understanding that multiple risk fac-
tors are better predictors of cardiovascular events and 
that the risk factors have a cumulative effect through-
out life [12–14]. Latest research has demonstrated that 
cumulative risk factors in young life contributes to an 
earlier risk for fatal and non-fatal CV events in adulthood 
[15]. Therefore, understanding the complete risk fac-
tor profile of a study sample may give more insight than 
investigating a single risk factor.

The effects of risk factors on vascular ageing are well-
documented, especially in EVA but there is limited lit-
erature regarding SUPERNOVA and which factors are 
involved in arterial protection [2]. Furthermore, the 
exploration of vascular ageing extremes in young adults 
are scarce as most research focuses on middle-aged and 
older individuals [16–18]. Additionally, research per-
taining to vascular ageing is scarce in an African con-
text.[18–21] Therefore, we aimed to phenotype young 
South African adults based on vascular ageing extremes 
in terms of non-modifiable and modifiable risk factors. 
We also aimed to investigate the association of risk fac-
tors with cfPWV as an intermediate target organ damage 
measure.

2 � Materials and Methods
2.1 � Study Design and Setting
This study is part of the African Prospective study on 
the Early Detection and Identification of Cardiovascu-
lar Disease and Hypertension (African-PREDICT), for 
which the detailed methodology has been published 
elsewhere [22]. The African-PREDICT study is an on-
going study that initially recruited 1202 participants. 
Participants were invited from Potchefstroom and 

surrounding areas in the North West province of South 
Africa. The baseline recruitment for the African-PRE-
DICT study took place from 2013 to 2017 and aimed to 
investigate the underpinning pathophysiological mech-
anisms involved in CVD as well as predictors of CVD 
in an apparently healthy, South African, young adult 
population. The baseline data of African-PREDICT 
is included in the current study. All procedures com-
plied with the Declaration of Helsinki (2008) and con-
formed to the South Africa Medical Research Council 
guidelines of good clinical practice [23]. The privacy of 
participants was always taken into consideration and 
all measurements were done in private, temperature-
controlled rooms. When all measurements were com-
pleted, the participants received transport back home.

2.2 � Inclusion and Exclusion Criteria
The inclusion and exclusion criteria for the Afri-
can-PREDICT have been published [22]. Briefly, the 
inclusion criteria were young (20–30  years), appar-
ently healthy, Black and White men and women, 
with a normal screening office blood pressure (BP) 
(< 140/90 mmHg), who were not infected with a human 
immuno-deficiency virus, had no self-reported chronic 
disease (or treatment thereof ) and were not pregnant 
or breastfeeding at the time of screening. In addition to 
the original exclusion criteria, this study excluded par-
ticipants without cfPWV data or with data that did not 
meet the quality control standards (N = 69). The final 
number of participants included in the current study 
were 1133.

2.3 � Questionnaires and General Demographics
Self-reported data were collected using a question-
naire. The data collected included age, sex, ethnicity, 
education, employment, and household income from 
which SES was calculated using a point system that was 
adapted from Kuppuswamy’s Socioeconomic Status 
Scale for a South African environment [24]. The modi-
fied Kuppuswamy scale is commonly used to measure 
SES in urban and rural areas [24]. Lifestyle information 
such as smoking status and alcohol consumption were 
also self-reported. A 24-h dietary recall questionnaire 
was administered by a dietician. Macro- and micronu-
trient intake were calculated in the appropriate units 
using an algorithm developed by the Medical Research 
Council termed the South African Food Composition 
database [25]. The dietary variables of interest were 
total fat, saturated fat, total sugar and added sugar. The 
individual average intakes were calculated from three 
recorded days.



Page 3 of 8Rooi et al. Artery Research 2024, 30:19	

2.4 � Anthropometric Measurements
2.4.1 � Body Composition
All anthropometric measurements were performed 
according to guidelines as described by the International 
Society for the Advancement of Kinanthropometry [26]. 
Body height (m), determined by the SECA 213 Portable 
Stadiometer (SECA, Hamburg, Germany), and weight 
(kg) to the nearest 0.1 kg using the SECA 813 Electronic 
Scales (SECA, Hamburg, Germany) were measured. 
Waist (cm) circumference (WC) was measured three 
times (using the median) with a non-flexible tape meas-
ure to the nearest 0.1 cm (Lufkin Steel Anthropometric 
Tape; W606PM; Lufkin, Apex, USA). The body mass 
index (BMI) and waist-to-height ratio were calculated. 
Bioelectrical impedance measurements were performed 
to estimate body fat percentage (BF%) using a Bodystat 
1500MDD dual‐frequency analyser (Bodystat, Ltd, Bal-
lakaap, UK). Bioelectrical impedance has been validated 
in the estimation of BF% compared with dual‐energy X‐
ray absorptiometry [27].

2.5 � Cardiovascular Measurements
2.5.1 � Brachial Blood Pressure
Brachial BP measurements, further referred to as office 
BP, were performed using the Dinamap Procare 100 Vital 
Signs Monitor (GE Medical Systems, Milwaukee, USA) 
with appropriately sized GE Critikon latex-free Dura-
Cuffs. Prior to the measurement being performed, par-
ticipants were requested to fast from 10  pm the night 
before and were informed to only consume water and 
refrain from smoking, exercise, caffeine and alcohol. The 
participants were required to be in a seated resting state 
with the arm supported at heart level during the meas-
urement. A set of two BP measurements were done on 
the left and on the right arms, with a five-minute interval 
between set one and set two. The mean of the four read-
ings was used for all subsequent analyses. Office systolic 
blood pressure (SBP) and office diastolic blood pressure 
(DBP) were obtained, and office pulse pressure (PP) was 
calculated as office PP = mean office SBP – mean office 
DBP. Office mean arterial pressure (MAP) was further 
calculated as MAP = office diastolic BP + 0.412 (office PP) 
[28].

2.5.2 � Pulse Wave Velocity
The SphygmoCor XCEL device (SphygmoCor XCEL, 
AtCor Medical Pty. Ltd., Sydney, Australia) was used to 
perform pulse wave analysis and then to measure cfPWV. 
The carotid-femoral pulse wave velocity measurement 
was performed as described by Laurent et al. [29] Pulse 
wave velocity was captured at the right carotid and femo-
ral arterial pulse points. The participant remained in the 

supine position in a relaxed state during the time of the 
measurement. The measurement was performed twice 
and repeated if the two measurements differed by more 
than 0.5 m/s. The femoral artery wave form was captured 
via an appropriately sized cuff placed around the right 
thigh, and the right carotid arterial waveform was cap-
tured simultaneously via applanation tonometry. The dis-
tances between the pulsated sites (carotid and femoral) 
were measured and the travel distance was calculated as 
80% of the distance measured between the carotid pulse 
point and femoral cuff [30].

2.6 � Blood Sampling and Biochemical Analysis
Blood collection was performed by a qualified nurse. 
Blood samples were aliquoted and stored in bio-freez-
ers at − 80 °C. Serum analyses included the lipid profile 
(total cholesterol, low-density lipoprotein cholesterol 
(LDL), high-density lipoprotein cholesterol (HDL)), 
high-sensitivity CRP, and γ-glutamyl transferase (GGT) 
(Cobas Integra 400plus, Roche, Basel, Switzerland). 
Sodium fluoride plasma glucose was also determined on 
the turbidimetric inhibition immunoassay (TINIA) for 
homolysed whole blood (Cobas Integra 400 plus, Roche, 
Basel, Switzerland). Reactive oxygen species was meas-
ured as serum peroxides (reported as units, where 1 mg 
H2O2/L is equivalent to one unit) using a high through-
put spectrophotometric assay and analysed on a Synergy 
HT microplate reader (BioTek, Winooski, VT, USA). The 
antioxidant marker superoxide dismutase was measured 
using assay kits (Randox, Co. Antrim, Ireland, UK) and 
the automated Cobas Integra 400 plus (Roche). A MIL-
LIPEX Map Human High Sensitivity T Cell Magnetic 
Bead Panel (EMD Millipore, Merck, Missouri, USA) 
was used to analyse interleukin-6 from baseline samples, 
using Luminex xMAP technology on the Luminex 200™ 
analyser [31].

2.7 � Statistical Analysis
The participants were categorised into three groups 
based on the 10th (SUPERNOVA, n = 113), 10th–90th 
(AVA, n = 901), and 90th (EVA, n = 119) percentiles of 
cfPWV. Statistical analyses were performed with IBM® 
SPSS® Statistics version 29 software (IBM Corporation; 
Armonk, New York, USA). Continuous variables were 
evaluated for normality by visual inspection (QQ plots) 
and variables that were not normally distributed were 
log-transformed. Normally distributed variables were 
presented as arithmetic mean ± standard deviation, non-
Gaussian variables as geometric mean with 95th confi-
dence interval and categorical data as proportions.

Analysis of covariance (ANCOVA) was performed 
to compare modifiable- and non-modifiable risk fac-
tors between the three groups while adjusting for sex 
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and ethnicity. To identify patterns of risk factors, a fac-
tor analysis was performed using the factor function 
of principal component analysis where factors with an 
eigenvalue of > 1 were retained. The Oblimin rotation 
with Kaizer normalization was used to obtain the inde-
pendent interpretable factors [32]. Variables with a fac-
tor loading of ≥ 0.5 were retained in the factor patterns. 
Factor scores with a cumulative percentage of > 50% was 
used for logistic regression analyses. Logistic regression 
models were performed and were adjusted for sex and 
ethnicity and displayed as a forest plot. The AVA group 
was used as reference for comparison.

An a priori power analysis was performed to com-
pute the required sample size using G*Power v3.1.9.2 
software [33]. The preselected power was 95% at a sig-
nificance level of α = 0.05 and a medium effect size of 
d = 0.5 for arterial stiffness as the main outcome meas-
ure. The analysis calculated that an N-value (sample) of 
at least 105 per group is needed. Our sample sizes of 
N = 119 in the EVA group and N = 113 in the SUPER-
NOVA group would be sufficient to test the hypotheses 
of this study.

3 � Results
Table 1 represents the characteristics of the study popu-
lation stratified by PWV categories. In terms of demo-
graphics, the EVA group was older (p < 0.001) and 
consisted of more men (p < 0.001) but the absolute dif-
ference in age was small compared to the SUPERNOVA 
group. Black ethnicity was higher (p = 0.038) in the 
SUPERNOVA group. Alcohol use (p = 0.007) and smok-
ing (p < 0.001) were more frequent in the EVA group. 
Blood pressure measures (office SBP and—DBP, and—
MAP) were overall higher (p < 0.001) in the EVA group 
than in the SUPERNOVA group. No differences between 
vascular ageing groups with dietary factors and biochem-
ical markers was present.

The results of the exploratory factor analysis per-
formed in the total study sample are contained in Table 2. 
Three-factor patterns were identified, with the first fac-
tor consisting of BF%, BMI, REE, and CRP (Factor 1). The 
second factor was comprised of MAP and glucose (Factor 
2), while the third factor included SES and total dietary 
fat (Factor 3).

In both SUPERNOVA and EVA models, factor 1 was 
not significant in terms of the odds of being in any vas-
cular ageing group as demonstrated by Fig.  1. Factor 2 
showed a 31% lower likelihood of higher MAP and fast-
ing glucose (OR 0.62, p = 0.002) contributing to SUPER-
NOVA and higher odds (OR 2.10, p < 0.001) for EVA. 
Factor 3 showed a 36% lower likelihood of SES and total 
dietary fat (OR 0.64, p = 0.003) contributing to (EVA).

4 � Discussion
In this study of young South African adults stratified by 
cfPWV percentiles, the EVA group had a less favourable 
phenotype of non-modifiable (older age and male sex) 
and modifiable risk factors (higher alcohol consump-
tion and smoking and BP measures) when compared to 
the SUPERNOVA group. On the other hand, more black 
individuals were in the SUPERNOVA group. Further-
more, factor 2 showed a 38% lower likelihood of higher 
MAP and fasting glucose being in the SUPERNOVA 
group and 110% higher odds for EVA. Factor 3 showed a 
36% lower likelihood of SES and total dietary fat being in 
EVA participants.

Our observation in the EVA group with regards to 
the non-modifiable risk factors are in line with pre-
vious findings showing an age- and sex- associated 
increase in cfPWV [34, 35]. It is well known that com-
pliance decreases with age.[35] This age-associated vas-
cular remodelling process is due to decreased elastin 
and increased collagen, reducing arterial distensibility 
[35]. The EVA group had a higher percentage of men 
and it is known that in premenopausal women, endog-
enous oestrogen levels, the number of arterial oestrogen 
receptors, and nitric-oxide (NO) production are higher 
and the beneficial effects may underlie the protection of 
premenopausal women against accelerated vascular age-
ing [34]. The EVA group had a more adverse profile in 
terms of the modifiable risk factors which included self-
reported smoking and alcohol consumption, both known 
to promote endothelial dysfunction which may accelerate 
vascular ageing [36, 37]. This adverse risk factor profile 
in our healthy sample may point towards possible earlier 
manifestation of CVD events if the lifestyle behaviours 
remain unchanged [2].

Overall group differences in ethnicity were absent, as 
previously reported, but comparing the extreme 10th and 
90th percentiles gave a borderline significant result of 
more black individuals in the SUPERNOVA group [38]. 
On the contrary, research findings demonstrate a clear 
trend that young adult (< 30 years) black populations had 
higher cfPWV than other ethnicities [39, 40]. The above-
mentioned beneficial effects of premenopausal women 
may be at play as most of the participants in the SUPER-
NOVA group are women [34]. Further research may elu-
cidate whether sex dimorphic differences in young adults 
are better predictors of vascular age than ethnic differ-
ences. Black participants have been noted to have a pro-
nounced increase in cfPWV with ageing than white men 
and women [41]. Therefore, while the current healthy 
vascular age group has more black participants it is yet to 
be seen if this is the case at 5-year follow-up.

Using principal component analysis, a 38% lower 
likelihood of higher MAP and fasting glucose being in 
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Table 1  Comparisons of non-modifiable-, modifiable risk factors, cardiovascular measures, and biochemical markers between vascular 
ageing groups adjusted for sex and ethnicity

Pulse wave velocity groups were stratified as: SUPERNOVA (≤ 10th percentile) and EVA (≥ 90th percentile). Proportions are calculated with chi-square and reported as 
sample (percent within pulse wave velocity group). Data are reported as mean and standard deviation or geometric mean and 95% confidence interval

SN super normal vascular aging; AVA average vascular aging; EVA early vascular aging, office SBP office systolic blood pressure, office DBP office diastolic blood 
pressure, office MAP office mean arterial pressure, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, NS not significant
1 GGT adjusted for sex, ethnicity, and alcohol use (at least once a week)

*C-reactive protein reported as median and (IQR)

SN (cfPWV ≤ 5.32 m/s) AVA (middle) EVA (cfPWV ≥ 7.52 m/s) p-values

N = 113 N = 901 N = 119 Overall SN vs AVA SN vs EVA AVA vs EVA

Demographics

Age (years) 23.4 ± 2.98 24.5 ± 3.11 25.8 ± 2.79 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Sex (male) 10/113 (8.8) 444/901 (49.3) 97/119 (81.5) p < 0.001 p < 0.001 p < 0.001 p < 0.001

Ethnicity (Black) 60/113 (53.1) 458/901 (50.8) 47/119 (39.5) p = 0.050 NS p = 0.038 p = 0.020

Socio economic status (score) 20.0 ± 5.82 20.6 ± 6.06 21.6 ± 6.28 NS NS NS NS

Lifestyle

Smokers (at least once a week) 8/113 (7.1) 220/900 (24.4) 43/119 (36.1) p < 0.001 p < 0.001 p < 0.001 p = 0.006

Alcohol (at least once a week) 53/113 (46.9) 499/895 (55.8) 76/118 (64.4) p = 0.028 NS p = 0.007 NS

Body composition

Body height (m) 1.67 ± 0.06 1.69 ± 0.06 1.71 ± 0.06 p < 0.001 p = 0.039 p < 0.001 p < 0.001

Body weight (kg) 69.4 ± 15.2 70.2 ± 14.7 70.8 ± 15.1 NS NS NS NS

Waist circumference (cm) 79.1 ± 11.5 79.4 ± 11.1 79.9 ± 11.4 NS NS NS NS

Body mass index (kg/m2) 24.4 (23.6; 25.3) 24.2 (23.9;24.5) 23.7 (22.9; 24.5) NS NS NS NS

Body fat percentage (%) 24.5 ± 7.22 24.4 ± 7.0 23.4 ± 7.17 NS NS NS NS

Waist-to-height ratio (ratio) 0.47 (0.46; 0.48) 0.47 (0.46; 0.47) 0.46 (0.45; 0.47) NS NS NS NS

Cardiovascular measures

Office SBP (mmHg) 114 ± 10.6 118 ± 30.0 124 ± 10.9 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Office DBP (mmHg) 73.4 ± 7.15 78.2 ± 6.91 85.3 ± 7.10 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Office MAP (mmHg) 89.9 ± 7.80 94.3 ± 7.53 101 ± 7.74 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Office heart rate (bpm) 62.0 ± 9.45 64.1 ± 9.13 65.4 ± 9.38 p = 0.028 NS p = 0.027 NS

Dietary intake

Total dietary fat (g) 74.3 ± 10.4 74.1 ± 29.6 73.7 ± 10.8 NS NS NS NS

Saturated fat (g) 20.0 (18.0; 22.4) 20.0 (19.3; 20.8) 20.5 (18.4; 22.7) NS NS NS NS

Total sugar (g) 40.6 (33.8; 48.8) 42.0 (39.5; 44.7) 49.1 (41.2; 58.5) NS NS NS NS

Biochemical markers

Glucose (mg/dL) 89.9 (88.5; 91.2) 90.5 (90.1; 91.0) 91.2 (89.9; 92.6) NS NS NS NS

Gamma-glutamyl transferase 
(U/L)1

17.0 (15.1; 19.1) 17.7 (17.0; 18.4) 20.8 (18.6; 23.4) p = 0.021 NS NS p = 0.023

HDL (mg/dL) 20.9 (19.5; 22.3) 19.1 (18.7; 19.6) 21.1 (19.8; 22.5) p = 0.002 NS NS p = 0.019

LDL (mg/dL) 41.4 (38.4; 44.9) 40.2 (39.1; 41.3) 39.1 (36.4; 42.2) NS NS NS NS

Total cholesterol (mg/dL) 65.8 (61.8; 69.9) 63.4 (62.2; 64.9) 64.9 (61.1; 68.8) NS NS NS NS

Triglycerides (mg/dL) 11.9 (10.8; 13.2) 13.0 (12.6; 13.5) 13.0 (11.9; 14.4) NS NS NS NS

Total cholesterol to HDL (ratio) 3.15 (2.97; 3.33) 3.32 (3.25; 3.38) 3.08 (2.91; 3.25) p = 0.012 NS NS p = 0.035

Triglycerides to HDL (ratio) 0.57 (0.51; 0.64) 0.68 (0.65; 0.70) 0.62 (0.56; 0.69) p = 0.006 p = 0.011 NS NS

C-reactive protein (mg/L)* 0.81 (0.62; 1.07) 0.85 (0.77; 0.93) 0.77 (0.60; 1.00) NS NS NS NS

Reactive oxygen species 
(mmol/L)

36.6 (32.5; 41.2) 37.9 (36.4; 39.5) 43.2 (38.5; 48.4) NS NS NS NS

Interleukin-6 (pg/mL) 1.06 (0.93; 1.20) 1.05 (1.00; 1.10) 0.99 (0.88; 1.12) NS NS NS NS

Tumour-necrosis factor alpha 
(pg/mL)

1.03 (0.93; 1.15) 1.05 (1.02; 1.09) 1.07 (0.97; 1.19) NS NS NS NS

Superoxide dismutase (U/mL) 4.26 (3.88; 4.66) 4.07 (3.94; 4.20) 3.93 (3.60; 4.30) NS NS NS NS
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SUPERNOVA was confirmed. Mean arterial pressure is 
a main determinant of cfPWV and it is known that the 
incidence of type-2 diabetes increases as the population 
ages and this change is due to the age-associated beta-cell 
function and insulin sensitivity [42]. Indeed, chronically 

elevated blood glucose and the consequence of advanced 
glycosylation end products (AGE) may be at play dur-
ing arterial ageing [42]. The AGE products are key in an 
important mechanism in arterial stiffening, which leads 
to the cross-linking of collagen in arterial wall resulting 
in advanced vascular age [42, 43]. However, the SUPER-
NOVA group overall having lower levels of the risk 
factors, in conjunction with factor 2 having a lower likeli-
hood, can explain such a beneficial finding in the SUPER-
NOVA group. A 110% higher likelihood of higher MAP 
and fasting glucose being in EVA was found. Individuals 
with elevated glucose levels usually have higher BP and 
advanced vascular age (arterial stiffness) [44, 45]. Indeed, 
diabetes is associated with not only hypertension but 
also arterial stiffness [46]. Therefore, monitoring fasting 
glucose levels in clinical practice may thus play a role in 
informing the advancement of vascular ageing as fast-
ing glucose had a higher likelihood for vascular ageing 
because even in our young healthy individuals with glu-
cose in normal ranges, fasting glucose formed part of this 
identified factor.

Table 2  Factors identified in the total sample of young adults

Extraction method: principal component analysis. Rotation method: Oblimin 
rotation with Kaizer Normalization

Factor 1 Factor 2 Factor 3

Body fat percentage (%) 0.876

Body mass index (kg/m2) 0.829

Resting energy expenditure (kCal/day/
kg)

-0.0827

C-reactive protein (mg/L) 0.695

Mean arterial pressure (mmHg) 0.847

Glucose (mg/dL) 0.678

Socio-economic status (score) -0.790

Total dietary fat (g) -0.738

Fig. 1  Odds of principal component factors being present in vascular ageing groups. Adjusted for sex and ethnicity. Bold text indicates significance. 
SUPERNOVA super normal vascular ageing, EVA early vascular ageing
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Factor 3 showed a 36% lower likelihood of SES and 
total dietary fat contributing to EVA. The reported likeli-
hood denotes the absence of the effect of the components 
in the factor on advancing vascular ageing in the current 
population. Socio-economic status amplifies worsening 
vascular outcomes and its lower likelihood may point to 
other factors playing a bigger role in advancing vascu-
lar ageing in the current population [47]. Higher dietary 
fat contributes to arterial ageing by the effects of lipid 
metabolism and the atherogenic effect thereof on the 
arterial wall [48]. However, it forms part of the current 
factor with lower odds, therefore supporting that these 
young adults have a healthy cardiometabolic profile and 
that possible negative contributions to vascular ageing 
are not visible yet.

In closing, despite the noted adverse risk factor pro-
file in EVA, our participants were CVD-free, and levels 
of the biochemical markers and cardiovascular measures 
were within normal ranges. Therefore, even at normal 
levels in a population free from CVD, we already see dif-
ferences in vascular ageing based on risk factor pheno-
type. These findings show a potential early onset link of 
risk factors with PWV as an intermediate target organ 
damage marker. The possible implications of our findings 
point towards an adverse phenotype causing an abnor-
mal rate of arterial ageing and such individuals being at 
earlier risk for CVD. Early clinical intervention would 
curb such possible future cardiovascular events [10]. This 
is relevant as recent findings have confirmed that lifestyle 
modification reduces absolute CVD risk score in adult 
populations without CVD [49].

5 � Strengths and Limitations
The exploration of these extremes in young adults is 
scarce especially in an African context and the current 
study is the first study in young adults in South Africa to 
investigate vascular ageing extremes. The known limita-
tion of cross-sectional studies and its inability to confirm 
causality applies and the findings may not be representa-
tive of the entire South African population as the partici-
pants are from a specific location within the North-West 
Province.

6 � Conclusion
Poor lifestyle behaviour-related risk factors seem detri-
mental in the EVA group conferring a possible higher risk 
of future CVD. Furthermore, in the young adult South 
African population composite factors associated with 
PWV show a possible early onset link with this interme-
diate target organ damage marker.
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