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Arterial ageing and stiffening

Kotsis V, Stabouli S, Karafillis I, Nilsson PM. Early vascular aging (EVA) and the role of central blood 

pressure. J Hypertens. 2011;29:1847-53.
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Belgian normal population

PWV ~ Age relation

Devos DGH et al. J Magn Reson Imaging 2015;41(3).



Copyright restrictions may apply.Laurent, S. et al. Eur Heart J 2006 27:2588-2605.

Measurement of carotid-femoral PWV with the foot to foot method



Early Vascular Ageing (EVA) in Perspective

Olsen MH. et al Lancet Comission on Hypertension. 2016



Prediction of Cardiovascular Events and All-Cause Mortality with Arterial Stiffness: A Systematic Review and Meta-
Analysis. Vlachopoulos D et al. Journal of the American College of Cardiology Vol. 55, No. 13, 2010.



Meta-analysis on individual data: independent predictive 

value of aortic stiffness for CV events (16,358 subjects) 

Y Ben Schlomo et al. ARTERY 11, Oct 2011

JACC 2013

14 studies including 16,358 subjects with 1700 combined CVD events. 

z-scores of log transformed cf-PWV (pooled SD = 3.3m/s). 

Higher predictive value in younger subjects: (p-value for trend = 0.0095). 
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1.25 (1.09, 1.43)

ES (95% CI)

1.8 1 1.4 1.8 2.2 2.6

Hazard Ratio (95% CI)

Age-specific HRs for CVD, per 1SD increase in log cf-PWV



<10 m/s and <0.9 mm  <10 m/s and >0.9 mm >10 m/s and <0.9 mm >10 m/s and >0.9 mm
835            500        637            746 

Number of subjects in each group

Prediction of cardiovascular mortality and morbidity in the 
Malmö Diet-Cancer cohort using markers of vascular status

4 groups based on dichotomization of aPWV and cIMT.

Wadström B, Engström G, Nilsson PM, ANGIOLOGY 2019
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297 CKD 5 patients

Peter Stenvinkel 2019



Stenvinkel et al

Extreme Models of Progeria Provide Important 
Hypothesis-generating Insights for Future Therapies

Mutated prelamin A 
(progerin)



Haemodynamic Ageing linked to EVA

• Age-related changes in brachial BP

– isolated systolic hypertension (ISH)

– elevated pulse pressure (PP)

• Age-related changes in central BP

– Increased central systolic BP and PP

• Increased BP variability

– Linked to arterial stiffness

• Decreased heart rate variability

– Linked to arterial stiffness

• Impaired endothelial function

– Less vasodilation

• Impaired baroreflexor function, orthostatic hypotension

– Linked to arterial stiffness
Nilsson PM.  Ageing Disease 2014; 5:109-113



Muhammad IF, et al. 

Diabetes Care. 2017

2,450 individuals (mean 

age = 72 years). 

Incidence of diabetes

was followed by linkage 

to local and national 

diabetes registers.

During a mean follow-up 

of 4.43 6 1.40 years, 68 

(2.8%) participants 

developed diabetes.

Diabetes-free survival in relation to the tertiles

(T1-T3) of PWV

Malmö Diet Cancer



Genetic risk score and c-f PWV in MDC
Conclusion: GRS for hyperglycaemia in non-diabetics is associated with

c-f PWV (arterial stiffness)

βPWV

Direction p

βBMI - 0.82

βSystolic BP + 0.98

βLDLc - 0.32

βHDLc - 0.73

βTriglycerides + 0.18

βFasting glucose + 0.006

βDiabetes type 2 + 0.88

Adjusted for age, sex, MAP and antihypertensive treatment

Gottsäter M, Almgren P, Nilsson PM, Melander O. J Hypertens 2017, December 5 (online)

N= 3020



The mirror image

What is non-EVA?



Why an interest in non-EVA?

• Need of new epidemiological and mechanistic understanding

• A search for protective factors related to genetics, lifestyle and 
treatment (?) in healthy subjects or with specific phenotypes

• In genetic studies, extremes of a defined phenotype can be 
used for comparative analyses of GWAS-derived markers

• Causal inference (mendelian randomization) can be used to 
dissect true biological mechanisms with a potential as future
drugs targets for the development of new preventive drugs

PN 2020



Models of non-EVA

• General populations

• Framingham Heart Study

• MARE consortium

• Northern Shanghai Study

• European Reference Study

• Malmö Diet Cancer Study

• Longevity populations

• IKARIA Study, Greece

• Nagano-Wakayama Study, 
Japan

• Patients w/o complications

• DM1 of long duration

• Metabolically Healthy Obesity
(MHO) with no diabetes/CVD

• CKD on dialysis with no arterial
changes

• FH+ carriers without CVD 
manifestations

PN 2020



MDC cohort in Malmö

Normal PWV (<10 m/s) in 

35-40% of subjects with obesity



We defined HVA for individuals ≥50 years as 
having both of the following:

1. Nonhypertensive blood pressure, which 
constituted <140 mm Hg for systolic and 
<90 mm Hg for diastolic blood pressure
and absence of hypertensive treatment

2. PWV of <7.6 m/s, which was equivalent to the 
mean+2 SD value obtained from a reference 
sample of individuals who were aged <30 years, 
with optimal or normal blood pressures and no
additional CVD risk factors.

Niiranen T, et al. Hypertension. 2017;70:267-274.



Direct-adjusted incidence curves for cardiovascular events. Curves are adjusted for 
age, sex, and cohort. Thin, light lines represent 95% confidence limits. CVD indicates 
cardiovascular disease; and HVA, healthy vascular aging.

Niiranen TJ, et al. Hypertension  2017



N= 18,490 from 11 cohorts

Nilsson PM, et al. J Hypertens 2018



EVA

HVA

100% normal

100% damaged
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SUPERNOVA

Childhood Early adulthood Middle-age Advanced age Elderly (> 80)

> 97.5th percentile

< 2.5th percentile

Laurent S, et al. Hypertension 2019;74(2):218–228

Supernormal vascular ageing (SUPERNOVA)



EVA

HVA

SUPERNOVA

Hypertension. 2019;74:218–228



Longevity populations



JACC 2015; 66: 1842-3



Nagano Prefecture Wakayama Prefecture

Objectives: In Japan, Wakayama and Nagano Prefecture are representative areas with 

high or low prevalence of cardiovascular disease (CVD), respectively. We conducted this 

study to examine differences in arterial stiffness between the two districts and further 

explore factors associated with the presumed district difference of arterial stiffness. 

Methods: Study participants consisted of 647 middle-aged to elderly persons (aged 

65±10 years) who were selected from community residents living in distinct in Wakayama 

(n=471) and Nagano Prefecture (n=186). Brachial-ankle pulse wave velocity (PWV) was 

measured by a simple automatic oscillometric technique as an index of arterial stiffness. 



Difference in arterial stiffness between two districts with low 

or high prevalence of cardiovascular disease in Japan

Nobuyuki Miyai, …Nilsson PM.. et al. 2020 (in manuscript)

Hakuba Valley skiresort, Nagano





Reference Values for Arterial

stiffness Collaboration population

(n=24484) 

Missing PWV 

(n=7617) 

Overt CVD 

(n=1165) 

Missing covariates

(n=4296) 

Final population

(n=11406)

Excluded

Excluded

Excluded

A) B)

Malmo Diet and Cancer Study

population (n=3734) 

Missing PWV 

(n=584) 

Overt CVD 

(n=235) 

Missing covariates

(n=179) 

Final population

(n=2642)

Excluded

Excluded

Excluded

Bruno R-M, Nilsson PM…Laurent S. Submitted 2020

Early and SUPERNOrmal Vascular Aging (EVA and SUPERNOVA): clinical 
characteristics and cardiovascular events

Reference Values for Arterial Stiffness' 
Collaboration. Eur Heart J. 
2010;31(19):2338–2350.

EVA, n= 204
SUPERNOVA,
n= 527



Summary

• Early Vascular Ageing (EVA) is primarily characterized by increased 

arterial stiffness as measured by c-f PWV in large elastic arteries 

• Haemodynamic alterations are linked to morphological changes in 

the arterial wall (EVA), for example increased BP variability and 

orthostatic hypotension, worsened by impaired glucose metabolism

• The opposite to EVA is SUPERNOVA, describing people with 

extremely healthy arteries for their age in spite of risk factor burden

• A deeper understanding of successful and unsuccessful arterial 

ageing could lead to new models for prevention and treatment, 

beyond conventional risk factor control – even new drugs!

PN 2020


