www.nature.com/jhh

ARTICLE

Journal of Human Hypertension

W) Check for updates

Impaired artery elasticity predicts cardiovascular morbidity and
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It is still debated whether arterial elasticity provides prognostic information for cardiovascular risk beyond blood pressure
measurements in a healthy population. To investigate the association between arterial elasticity obtained by radial artery pulse
wave analysis and risk for cardiovascular diseases (CVD) in men and women. In 2002-2005, 2362 individuals (men=1186, 50.2%) not
taking antihypertensive medication were included. C2 (small artery elasticity) was measured using the HDI/Pulse Wave CR2000.
Data on acute myocardial infarction or stroke, fatal or non-fatal, was obtained between 2002-2019. Cox- regression was used to
investigate associations between C2 and future CVD, adjusting for confounding factors such as age, sex, systolic blood pressure,
heart rate, HOMA-IR (Homeostatic Model Assessment for Insulin Resistance), LDL- cholesterol, CRP (C-Reactive Protein), alcohol
consumption, smoking and physical activity. At baseline, the mean age of 46 + 10.6 years and over the follow-up period, we
observed 108 events 70 events in men [event rate: 5.9%], 38 in women [event rate: 3.2%]. In the fully adjusted model, and for each
quartile decrease in C2, there was a significant increase in the risk for incident CVD by 36%. (HR = 1.36, 95% Cl: 1.01-1.82,

p = 0.041). The results were accentuated for all men (HR = 1.74, 95% Cl: 1.21-2.50, p = 0.003) and women over the age of 50 years
(HR=1.70, 95% Cl: 0.69-4.20). We showed a strong and independent association between C2 and CVD in men. In women after

menopause, similar tendencies and effect sizes were observed.
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BACKGROUND

Aging is the most important factor in the deterioration of arterial
elasticity and increased arterial stiffness [1-3]. Other important
factors that influence arterial elasticity are smoking, alcohol
consumption, inflammation, atherosclerosis and chronic diseases
such as diabetes mellitus, impaired glucose metabolism, dyslipi-
demia [2, 4, 5.

Atherosclerotic plaque formation is an essential mechanism to
the development of cardiovascular disease (CVD) and begins with a
dysfunctional endothelium [6]. Before, and parallel with, athero-
sclerotic plaque formation, degeneration of elastin material and an
increase in collagenous material, mainly in tunica media, cause
increased aortic impedance and early wave reflections in the
vascular tree. Then, aortic stiffening raises systolic blood pressure,
pulse pressure, and the left ventricular (LV) load and decreases
coronary perfusion, leading to myocardial ischemia [4, 7].

Identifying individuals with early vascular changes can help
stratify CVD risk and is pivotal to public health strategies. High
blood pressure is a major risk factor for CVD [8]. However, there is
also a paradigm shift in the early detection of cardiovascular
disease from blood pressure to investigating pulsatile flow and

measuring arterial elasticity [9]. In fact, longitudinal studies have
shown that measures of arterial elasticity provide important
prognostic information regarding CVD risk beyond arterial blood
pressure measurement [10-14]. A few studies have examined the
predictive value of aortic pulse wave velocity (PWV) for future CVD
in a general population. Duprez et al. investigated associations
between pulse wave analysis and emerging CVD [12].

We investigated whether arterial elasticity, measured by pulse
wave analysis, predicts incident CVD in a Swedish study population
free of overt disease at baseline.

METHODS

Population

This longitudinal observational study is based on participants from the
Vara-Skovde cohort in the Skaraborg project [15]. To identify early signs of
CVD and risk factors for the development of CVD, a total of 2816
individuals (men=1400) were randomly selected based on the census and
were examined between 2002 and 2005. Arterial elasticity indexes were
measured in 2678 individuals. Participants with prevalent acute myocardial
infarction (AMI) and stroke (N =32) at baseline were excluded from the
analyses. Hypertensive medication can interfere with the elasticity indices
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Fig. 1 Study population.

significantly; thus, we chose to exclude participants with known
hypertension (N = 259) or diabetes mellitus (DM) (N = 83) (Fig. 1). In total,
we included 2362 individuals in our study (men=1186). All participants
were followed from the baseline examination until the first cardiovascular
event or death caused by CVD or were censored or end of the observation
on December 31st, 2018.

Measurements

Body height, weight, pulse and blood pressure were measured following
standard procedures [15, 16], and hypertension was defined as systolic
blood pressure (SBP) =140 or diastolic blood pressure (DBP)=90 [17].
Blood pressure was measured in a lying position after five minutes of
resting. Two measurements were performed one minute apart and the
mean value was used in the study. The measurement of blood pressure
was made at the same time point as the pulse wave record.

Information on the medical history and lifestyle was collected using
validated questionnaires. The level of physical activity was self-reported
and estimated using the Leisure Time Physical Activity (LTPA) instrument,
which has been validated in several previous studies [18, 19].

Fasting plasma insulin was analyzed using an enzyme-linked immuno-
sorbent assay (ELISA). Insulin resistance was defined using the Homeostatic
Model Assessment of Insulin Resistance (HOMA- IR) [20]. Diagnosis for
diabetes mellitus was based on the 1999 WHO recommendation [21].
Assays for LDL cholesterol, triglyceride, C- reactive protein (CRP) and
creatinine were performed using standard methods. Arterial elasticity was
measured based on pulse contour analysis of the radial artery waveform
using the HDI/Pulse Wave™ CR-2000 (Eagan, Minnesota) and C2 (small
artery elasticity) were estimated [22, 23]. Higher values of C2 indicate more
compliant arteries. Quartiles of C2 were defined based on the distribution
of C2 for men and women separately. Quartile 1 for C2 is defined as the
lowest, quartile 4 for C2 is defined as the highest value for arterial elasticity.

Outcome
Cardiovascular disease was defined as acute myocardial infarction (ICD-10:
121,122,123, 125) and/or stroke (ICD-10:160, 161, 163, 164) (fatal and/or non-fatal).
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The data on CV morbidity were obtained from the Hospital Discharge
Registers. The information for CV mortality and all-cause mortality was
obtained from the Swedish Cause of Death Register. These registers are a
valid alternative to revised hospital discharge and death certificates. We
define CV events as a summary of CV mortality and morbidity. We use CV
mortality and all-cause mortality in separate analyses.

Statistics

Statistical analyses were performed using IBM SPSS 26. All our statistical
analyses were two-sided. The p value for the statistically significant test result
was p<0.05 Mean and standard deviation (SD) were presented for
continuous variables. For categorical values, we used median and quartiles.
According to our preliminary analyses, C2 had a skew- distribution with
significant differences between men and women. Thus, we chose to define
C2 quartiles separately for women and men. Kaplan-Meier curves and Cox-
regression were used to investigate the association between quartiles of C2
and CV events. We examined the association between quartiles of C2 and CV
mortality and all-cause mortality with Kaplan-Meier curves and Cox-
regression in separate analyses. Cox regression analysis with adjustments
for possible confounders were performed in different models. Model 1 was
adjusted by age, sex, systolic blood pressure as a continuous variable and
heart rate. Model 2 included adjustments for all the variables in model 1,
adding HOMA-IR, LDL-cholesterol as a continuous variable and CRP. In model
3, model 2 was included and lifestyle factors such as alcohol consumption,
smoking and physical activity were added to this model. In a sensitivity
analysis, we used adjustments for pulse pressure instead of systolic blood
pressure. We added statin medication for the model 2 in an alternative
adjustment.

To investigate the possible modification of menopause, we performed a
stratified analysis for women (<50 vs. =50 years old), with a parallel
breakdown in men, to assess consistency with the overall findings.

We performed C-statistics for model 3 to analyze the incremental role of
C2 compared with common CV risk factors. Model 3 includes age, sex, heart
rate, SBP, HOMA- IR, LDL cholesterol, CRP, smoking, alcohol consumption
and physical activity.
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Table 1. Characteristics of participants at baseline.

All n =2362
Age, years (SD) 46 (11)
SBP, mmHg (SD) 119 (15)
DBP, mmHg (SD) 70 (10)
Pulse, bpm (SD) 63 (8)
BMI kg/m?2 (SD) 26.4 (4.3)
Fasting glucose, mmol/I (SD) 5.3 (0.8)
HOMA- IR median (IQR) 1.5 (0.8-1.8)
Triglyceride, mmol/I median (IQR) 1.3 (0.8-1.5)
LDL cholesterol, mmol/I (SD) 3.3 (0.9)
CRP, mg/I median (IQR) 2.3 (0.7-2.4)
New-onset hypertension, n (%) 121 (5.1)
New-onset DM, n (%) 40 (1.7)
Current smoker, n (%) 444 (18.8)
Non-drinker, n (%) 441 (18.7)
Statin medication, n (%) 24 (1)
C2, ml x mmHg ™' x 100 (SD) 7.85 (3.39)

Men n=1186
45.9 (11)

122 (15)

71 (10)

63 (8)

26.7 (3.5)

5.4 (0.8)

1.6 (0.85-1.94)
1.42 (0.87-1.72)
3.4 (0.9)

2.3 (0.7-2.2)
68 (5.7)

25 (2.1)

186 (15.7)

160 (13.4)

14 (12)

8.88 (3.42)

Women n=1176
46.1 (11)

116 (16)

68 (10)

64 (8)

26.2 (5)

5.2 (0.7)

1.34 (0.75-1.63)
1.09 (0.7-1.29)
3.1 (0.9)

2.4 (0.7-2.6)

53 (4.5)

15 (1.3)

258 (21.9)

281 (23.9)

10 (9)

6.92 (3.09)

P
0.780
<0.001
<0.001
<0.001
0.004
<0.001
<0.001
<0.001
<0.001
0.517
0.176
0.118
<0.001
<0.001
0.424
<0.001

p significance between men and women, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, BMI Body Mass Index, HOMA-IR Homeostatic Model
Assessment for Insulin Resistance, LDL Low-Density Lipoprotein, DM Diabetes Mellitus, C2 Small Artery Elasticity, /QR interquartile range.

RESULTS

The average age of participants in this study at baseline was
46 + 10.6 years. The average follow-up time was 14.8 + 2.4 years.
The population’s characteristics showed significant differences
between women and men in most cardiovascular and metabolic
variables (Table 1). The values and distribution of C2 differed by
sex with C2 quartiles for men, median 8.87 ml x mmHg ' x 100
(IQR: 6.53-11.01) and C2 quartiles for women, median 6.83 ml x
mmHg~' x 100 (IQR: 4.57-8.99). C2 indices were significantly
higher for men and highest in both women and men under 50
years (men<50 years: 9.77ml x mmHg™' x 100 (SD = 2.96),
men=50 years: 6.23 ml x mmHg ™' x 100 (SD * 3.21); women: <50
years: 7.86ml x mmHg ™' x 100 (SD +2.76), women=50 years:
453 ml x mmHg ™' x 100 (SD + 2.58).

During the follow-up time, we observed 108 CV events. Of
these, 70 events occurred in men (event rate: 59%), and 38 in
women (event rate: 3.2%), with 11 of the 38 among those under
50 years. Most CV events occurred in individuals within the lowest
quartile of C2 (Table 2).

The number of all-cause mortality is 120 (event rate: 5.1%), and the
CV mortality is 37 (event rate: 1.6%) under the same follow-up time.

Kaplan-Meier (KM) curves showed distinct differences between C2
quartiles regarding incident CVD (Fig. 2). In Cox- regression analysis,
for each decrease in one quartile in C2, there was a significant
increase in the risk for future CVD in the crude model (HR =268,
95% Cl: 2.12-3.39, p<0.001) and the fully adjusted models
(HR=1.36, 95% Cl: 1.01-1.82, p =0.041) (Table 3). In a sensitivity
analysis using pulse pressure instead of SBP, similar results were
found in the fully adjusted model (HR=1.47, 95% Cl: 1.01-1.96,
p =0.01). When we added statin medication to the existing models,
we got similar results to the main findings (HR=1.35, 95% Cl:
1.07-1.82, p = 0.045).

In crude survival analyses, a significant association was abserved
between quartiles of C2 and both CV mortality and all-cause
mortality in the crude model (HR=4.04, 95% Cl: 2.41-6.80,
p =<0.001 respectively HR = 2.86, 95% Cl: 2.27-3.62, p = <0.001),
i.e. lower C2 is associated with a higher risk of CV mortality and all-
cause mortality. The significance was lost when we adjusted for
age (HR=1.36, 95% Cl: 0.78-2.36, p =0.276, respectively HR =
1.26, 95% ClI: 0.97-1.63, p=0.1).

SPRINGER NATURE

Table 2. Events and event rates in each quartile of C2.

Q1 Q2 Q3 Q4 All
All 591 591 590 590 2362
Fatal and non-fatal 72 17 15 4 108
events
Event rate 12.2% 2.9% 2.5% 0.7% 5.4%
Incidence rate 823 194 172 46 309
Women 295 289 298 294 1176
Fatal and non-fatal 24 6 6 2 38
events in women
Event rate for 8% 2% 2% 0.7% 3.2%
women
Incidence rate in 550 140 136 46 218
women
Men 296 302 292 294 1186
Fatal and non-fatal 48 11 9 2 70
events in men
Event rate for men 16.2% 4.3% 3.4% 0.7% 7.1%
Incidence rate for 1096 246 208 46 399
men

Q are quartiles based on levels of C2. Q4 highest quartile and Q1 is the
lowest quartile.
The incidence rate is in cases/ 100000 person-year.

In the sex-specific consistency analyses, a decrease in the C2-
quartile was associated with an increased risk for CVD in men in
the crude model (HR=2.94, 95% Cl: 2.17-3.99, p = <0.001) and
after full adjustments (HR =1.74, 95% Cl: 1.21-2.50, p = 0.003). In
women, similar results were observed in the crude model
(HR=2.34, 95% Cl: 1.62-3.37, p<0.001), but the associations
were greatly attenuated after adjustments (HR=1.08, 95% Cl:
0.67-1.73 p =0.763) (Table 3).

Most of the CVD events in women were registered over 50 years
of age (under 50 years: N= 11, over 50 years: N=27). In women
above 50 years, quartiles of C2 were inversely associated with

Journal of Human Hypertension (2024) 38:140 - 145
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Fig. 2 Kaplan-Meier analyses of the association between C2 quartiles (Q1-4) and incidence of CVD. (N =2362, number of events=108,

time in years).

increased risk for future CVD in the crude model (HR = 2.68, 95%
Cl: 1.21-5.91, p=0.015), but were attenuated after adjustments
(HR=1.7, 95% Cl: 0.69-4.20) (Table 3).

When we use C2 quartiles as categorical variables in the model in
the full sample, Cox regression shows a significant difference
between C2 quartiles 1 and 4. There were significant differences in
hazard ratio when we compared individuals at the lowest C2-quartile
1 with the other three quartiles (p<0.001). These differences
remained significant between C2 quartiles 1 and 4 after adjustments
for possible confounding factors according to Model 3 (4™ quartile is
the reference: 1st Quartile: HR = 4.27, 95% Cl: 1.22-14.93, p = 0.023,
2nd Quartile: HR =2.86, 95% Cl: 0.82-10, 3rd Quartile: HR =341,
95% Cl: 0.97-12).

The C-statistics for model 3, including C2, was 0.844 with SE
0.019. After excluding C2, there was a minor decrease in C-
statistics, i.e., 0.841 with SE 0.019.

DISCUSSION

In this study, we showed an independent association between C2
and cardiovascular morbidity and mortality regarding AMI and
stroke in men. Similar results were found for postmenopausal
women but were not statistically significant after adjustments.

Few studies have investigated the association between arterial
elasticity and the development of CVD [3, 12, 24-28], and only a
couple of studies are comparable with ours regarding population
size [3, 12, 24, 25]. There are no studies with longer follow-up
times and lower mean ages than ours. Similar to our results, lower
small artery elasticity (equivalent of higher arterial stiffness) was
associated with an increased risk for CVD in these studies.

In atherosclerosis, endothelial dysfunction occurs first [6],
followed by structural changes [4] that appear parallel with
atherosclerosis plaque formation long before myocardial ischemia
and stroke develop. Coronary artery calcium, common carotid
intima-media thickness, aortic distensibility and large and small
arterial elasticity are structural and functional measures that
characterize subclinical vascular diseases. These measures are

Journal of Human Hypertension (2024) 38:140 - 145

independent predictors for incident arterial hypertension; C2 was
the earliest predictor [29]. Moreover, apparent pathological
changes in C2 [30] and pulse wave velocity [31] correlate with
coronary artery disease severity, proven by coronary angiography.
Our findings in this population-based study confirm that impaired
small arterial elasticity increases the risk for CVD over time.

The major risk factors for reduced arterial elasticity, athero-
sclerosis, AMI and stroke are the same, not least because of mutual
connections and dependencies. We adjusted for major cardiovas-
cular risk factors such as age, sex, high blood pressure, impaired
cholesterol levels, overweight and obesity, high blood glucose due
to insulin resistance or DM, lack of physical activity, smoking and
alcohol abuse.

The results for survival analyses regarding CV mortality and all-
cause mortality are consistent with the main results, i.e., lower C2
is associated with a higher risk of CV morbidity and mortality. The
young age at baseline and the limited number of CV-related
deaths in these analyses makes it difficult to draw conclusions on
the association between C2 and mortality.

In this study, we observed sex differences regarding arterial
elasticity and in accordance with previous studies [32, 33], women
had lower arterial elasticity than men [9, 12]. A component of
these differences may be due to women’s smaller height [33],
aortic size and diameter in vessels, although hormone differences
may also explain these differences. Probably, more factors can
contribute to sex differences regarding arterial elasticity, such as
elastin-collagen alternation, vascular smooth muscle cell stiffen-
ing, oxidative stress, inflammation pathways and signaling in the
renin-angiotensin-aldosterone system [32].

In women older than 50 years of age, we showed that small
elasticity was lower than in women younger than 50 years of age. In
this group, 27 cardiovascular events occurred, and we observed a
similar association between C2, and the development of cardiovas-
cular disease compared with men. In fact, effect sizes in these
associations were very similar, even if the association became non-
significant in women. It is in line with previous observations, arterial
stiffness and CVD risk increase linearly in men, while women likely
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Table 3. Association between C2-quartiles and incidence of
cardiovascular disease.

All (N = 2362, number of events — 108)

HR 95% Cl for HR p value
Crude data 2.68 2.12-3.39 <0.001*
Model 1 1.38 1.05-1.80 0.021*
Model 2 1.41 1.07-1.85 0.015*
Model 3 1.36 1.01-1.82 0.041*
Men (N = 1186, number of events = 70)

HR 95% ClI for HR p value
Crude data 2.94 2.17-3.99 <0.001*
Model 1 1.68 1.20-2.34 0.002*%
Model 2 1.77 1.26-2.49 0.001*
Model 3 1.74 1.21-2.50 0.003*
Women (N = 1176, number of events = 38)

HR 95% ClI for HR p value
Crude data 2.34 1.62-3.37 <0.001*
Model 1 1.14 0.73-1.79 0.559
Model 2 1.14 0.72-1.78 0.581
Model 3 1.08 0.67-1.73 0.763
Women over 50 years of age (N = 338, number of events = 27)

HR 95% Cl for HR p value
Crude data 2.68 1.21-5.91 0.015*
Model 1 1.66 0.73-3.76 0.228
Model 2 1.64 0.72-3.71 0.239
Model 3 1.70 0.69-4.20 0.247

Model 1: Adjusted for age, sex, heart rate, and SBP.

Model 2: Adjusted as above and for HOMA- IR, LDL cholesterol, CRP.
Model 3: Adjusted as above and for smoking, alcohol consumption and
physical activity.

p significance between C2 quartiles regarding CVD, SBP Systolic Blood
Pressure, HOMA-IR Homeostatic Model Assessment for Insulin Resistance,
LDL Low-Density Lipoprotein, DM Diabetes Mellitus, CRP C- reactive protein,
C2 Small Artery Elasticity.

have a relative threshold in vascular aging, with a flatter line in the
premenopausal stage and then a more rapid increase in arterial
stiffening after menopause [32].

Analyses with C- statistics showed that C2 had a minor
incremental role compared to common CV risk factors. The
change in effect size was too small to conclude that the use of C2
would improve the predictive models in clinical practice. However,
we note that lower values of C2 often precede increased blood
pressure and so may be used as an early marker of increased risk.
A low value of C2 should lead to increased surveillance and
possibly to the use of blood pressure-lowering medication.

Strengths and limitations

Both men and women participated in this study and a high
participation rate was obtained. The same trained staff examined
the participants according to a strict protocol. The data on CVD
was obtained from reliable sources, namely the Swedish Cause of
Death Register and the Swedish National Inpatient Register. Our
study was observational. Thereby, it is not possible to conclude
causality. The presence of data on many potential confounders
permitted adjustments for several risk factors and lifestyle
variables that influenced the association. However, residual
confounding cannot be excluded. Most of the participants were
Caucasians. The Swedish Cause of Death Register and the Hospital
Discharge Register cover the whole study population and these
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registers are validated and have a high standard [34]. The study
did not have specific data on menopausal transition and using 50/
years of age as a cut-off was approximative. However, the mean
age (SD) at natural menopause has been shown to be 50.8 (4.2)
years in a large Swedish population study [35]. We note the
limitations of this study in answering the question of the
associations between C2 and CV mortality and all-cause mortality
due to the limited number of events. A larger cohort in the older
population might be more suitable to address that question.

Clinical implications

We observed associations between C2 and CVD, where arterial
elasticity predicts CVD independently of other known risk factors,
including blood pressure in a general population without known
diabetes mellitus or hypertension. It would be desirable to
develop a simple measurement method for arterial elasticity that
makes the technique easily accessible.

SUMMARY

What is known about the topic

® Previous studies have shown that higher arterial stiffness
predicts a higher risk for cardiovascular diseases.

® A few studies examine the predictive value of arterial elasticity
for future cardiovascular diseases in the general multi-ethnic
population.

What this study adds

® Our study focuses on a younger population with a long follow-
up time than previous studies.

® Showing that small arterial elasticity predicts cardiovascular
disease independently of other known risk factors, including
blood pressure in a general population in men, even at a
young age and after adjustments for all possible confounders.

DATA AVAILABILITY
The datasets used and analysed during the current study are available from the
corresponding author upon request.

REFERENCES

1. Lee HY, Oh BH. Aging and arterial stiffness. Circ J. 2010,74:2257-62.

2. Nilsson PM, Boutouyrie P, Cunha P, Kotsis V, Narkiewicz K, Parati G, et al. Early
vascular ageing in translation: from laboratory investigations to clinical applica-
tions in cardiovascular prevention. J Hypertens. 2013;31:1517-26.

3. Mitchell GF, Hwang SJ, Vasan RS, Larson MG, Pencina MJ, Hamburg NM, et al.
Arterial stiffness and cardiovascular events: the Framingham Heart Study. Cir-
culation. 2010;121:505-11.

4. O'Rourke MF, Safar ME, Dzau V. The Cardiovascular Continuum extended: aging
effects on the aorta and microvasculature. Vasc Med. 2010;15:461-8.

5. Laurent S, Boutouyrie P, Cunha PG, Lacolley P, Nilsson PM. Concept of extremes
in vascular aging. Hypertension. 2019;74:218-28.

6. Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol. 2006;47:C7-12.

7. Greenwald SE. Ageing of the conduit arteries. J Pathol. 2007;211:157-72.

8. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Pre-
diction of coronary heart disease using risk factor categories. Circulation.
1998;97:1837-47.

9. Duprez DA, Kaiser DR, Whitwam W, Finkelstein S, Belalcazar A, Patterson R, et al.
Determinants of radial artery pulse wave analysis in asymptomatic individuals.
Am J Hypertens. 2004;17:647-53.

10. Grey E, Bratteli C, Glasser SP, Alinder C, Finkelstein SM, Lindgren BR, et al.
Reduced small artery but not large artery elasticity is an independent risk marker
for cardiovascular events. Am J Hypertens. 2003;16:265-9.

Journal of Human Hypertension (2024) 38:140 - 145



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

. Duprez DA, Cohn JN. Arterial stiffness as a risk factor for coronary atherosclerosis.

Curr Atheroscler Rep. 2007;9:139-44.

. Duprez DA, Jacobs DR Jr., Lutsey PL, Bluemke DA, Brumback LC, Polak JF, et al.

Association of small artery elasticity with incident cardiovascular disease
in older adults: the multi-ethnic study of atherosclerosis. Am J Epidemiol. 2011;
174:528-36.

. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of cardiovascular events

and all-cause mortality with arterial stiffness: a systematic review and meta-
analysis. J Am Coll Cardiol. 2010;55:1318-27.

. Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG, Benjamin EJ, et al.

Aortic pulse wave velocity improves cardiovascular event prediction: an indivi-
dual participant meta-analysis of prospective observational data from
17,635 subjects. J Am Coll Cardiol. 2014;63:636-46.

. Lindblad U, Ek J, Eckner J, Larsson CA, Shan G, Rastam L. Prevalence, awareness,

treatment, and control of hypertension: rule of thirds in the Skaraborg project.
Scand J Prim Health Care. 2012;30:88-94.

. Privsek E, Hellgren M, Rastam L, Lindblad U, Daka B. Epidemiological and clinical

implications of blood pressure measured in seated versus supine position. Med
(Baltim). 2018;97:¢11603.

. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr., et al.

Seventh report of the Joint National Committee on Prevention, Detection, Eva-
luation, and Treatment of High Blood Pressure. Hypertension. 2003;42:1206-52.

. Wilhelmsen L, Tibblin G, Aurell M, Bjure J, Ekstrom-Jodal B, Grimby G.

Physical activity, physical fitness and risk of myocardial infarction. Adv Cardiol
1976;18:217-30.

. Morseth B, Hopstock LA. Time trends in physical activity in the Tromso study: An

update. PLoS One. 2020;15:e0231581.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia.
1985;28:412-9.

Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mel-
litus and its complications. Part 1: diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabet Med. 1998;15:539-53.
Finkelstein SM, Cohn JN. First- and third-order models for determining arterial
compliance. J Hypertens Suppl. 1992;10:511-4.

Cohn JN, Finkelstein S, McVeigh G, Morgan D, LeMay L, Robinson J, et al. Non-
invasive pulse wave analysis for the early detection of vascular disease. Hyper-
tension. 1995;26:503-8.

Mattace-Raso FU, van der Cammen TJ, Hofman A, van Popele NM, Bos ML,
Schalekamp MA, et al. Arterial stiffness and risk of coronary heart disease and
stroke: the Rotterdam Study. Circulation. 2006;113:657-63.

Li W, Wang Y, Chen S, Zhao J, Su Q, Fan Y, et al. Evaluation of carotid
artery atherosclerosis and arterial stiffness in cardiovascular disease risk: an
ongoing prospective study from the Kailuan cohort. Front Cardiovasc Med.
2022;9:812652.

Wang KL, Cheng HM, Sung SH, Chuang SY, Li CH, Spurgeon HA, et al. Wave
reflection and arterial stiffness in the prediction of 15-year all-cause and cardi-
ovascular mortalities: a community-based study. Hypertension. 2010;55:799-805.
Willum-Hansen T, Staessen JA, Torp-Pedersen C, Rasmussen S, Thijs L, Ibsen H,
et al. Prognostic value of aortic pulse wave velocity as index of arterial stiffness in
the general population. Circulation. 2006;113:664-70.

Anderson SG, Sanders TA, Cruickshank JK. Plasma fatty acid composition as a
predictor of arterial stiffness and mortality. Hypertension. 2009;53:839-45.
Peralta CA, Adeney KL, Shlipak MG, Jacobs D Jr., Duprez D, Bluemke D, et al.
Structural and functional vascular alterations and incident hypertension in nor-
motensive adults: the multi-ethnic study of atherosclerosis. Am J Epidemiol.
2010;171:63-71.

Fazlioglu M, Senturk T, Kumbay E, Kaderli AA, Yilmaz Y, Ozdemir B, et al. Small
arterial elasticity predicts the extent of coronary artery disease: Relationship with
serum uric acid. Atherosclerosis. 2009;202:200-4.

Gaszner B, Lenkey Z, lllyes M, Sarszegi Z, Horvath IG, Magyari B, et al. Comparison
of aortic and carotid arterial stiffness parameters in patients with verified cor-
onary artery disease. Clin Cardiol. 2012;35:26-31.

DuPont JJ, Kenney RM, Patel AR, Jaffe IZ. Sex differences in mechanisms of
arterial stiffness. Br J Pharm. 2019;176:4208-25.

Duprez DA, Jacobs DR Jr,, Lutsey PL, Herrington D, Prime D, Ouyang P, et al. Race/
ethnic and sex differences in large and small artery elasticity-results of the multi-
ethnic study of atherosclerosis (MESA). Ethn Dis. 2009;19:243-50.

Rosen M, Alfredsson L, Hammar N, Kahan T, Spetz CL, Ysberg AS.
Attack rate, mortality and case fatality for acute myocardial infarction in Sweden
during 1987-95. Results from the national AMI register in Sweden. J Intern Med.
2000;248:159-64.

Journal of Human Hypertension (2024) 38:140 - 145

G. Szal6 et al.

35. Li J, Eriksson M, Czene K, Hall P, Rodriguez-Wallberg KA. Common diseases as
determinants of menopausal age. Hum Reprod. 2016;31:2856-64.

ACKNOWLEDGEMENTS
We want to thank all participants and study nurses for their participation and
devotion in this study.

AUTHOR CONTRIBUTIONS

All authors read and approved the final manuscript. Research idea and study design:
GS, UL, MIH, DB; Data acquisition: UL, LR, BD, MIH; Data analysis and interpretation:
GS, MIH, MA, KR, EB, DD, DRJ, BD; Statistical analyses: GS, YL, BD, MA, UL, MIH; Each
author contributed important intellectual content during manuscript drafting or
revision, accepts personal accountability for the author’s contributions, and agrees to
ensure that questions pertaining to the accuracy or integrity of any portion of the
work are appropriately investigated and resolved.

FUNDING

The University of Gothenburg provides open-access funding. Gabor Szalo: The Skaraborg
Institute, Sweden; Funding number: 21/1032; Skaraborg Research and Development
Council, Sweden; Funding number: VGFOUSKB-941397 and VGFOUSKB-969991. Bledar
Daka: ALF (Funding for medical training and research), Sweden; Funding number:
ALFGBG-966255; The Health & Medical Care Committee of the Region Vastra Gétaland,
Sweden; Funding number: VGFOUREG-862941. Open access funding provided by
University of Gothenburg.

COMPETING INTERESTS

We declare that the authors have no competing interests as defined by the Journal of
Human Hypertension or other interests that might be perceived to influence the
results and/or discussion reported in this paper.

ETHICAL CONSIDERATION AND CONSENT TO PARTICIPATE

All participants were informed of the study procedures and goals and the study
obtained written informed consent from all the participants. We confirm that all
methods were performed in accordance with relevant guidelines and regulations.
This study was approved by the Ethics Committee at the University of Gothenburg,
Sweden (DNR: 036-12).

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541371-023-00867-1.

Correspondence and requests for materials should be addressed to Gabor Szalé.
Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

2 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/.

© The Author(s) 2023

SPRINGER NATURE

145


https://doi.org/10.1038/s41371-023-00867-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Impaired artery elasticity predicts cardiovascular morbidity and mortality- A longitudinal study in the Vara-Skövde Cohort
	Background
	Methods
	Population
	Measurements
	Outcome
	Statistics

	Results
	Discussion
	Strengths and limitations
	Clinical implications

	Summary
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethical consideration and consent to participate
	ADDITIONAL INFORMATION




