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Abstract—The aim of the present study was to examine whether pulse wave velocity (PWV) predicts the progression of
blood pressure and the development of hypertension in young adults. In addition, we studied whether PWV improves
the risk prediction of incident hypertension beyond traditional cardiovascular risk factors. Systolic and diastolic blood
pressures were measured in 2007 and 2011 for 1449 Finnish adults (aged 30–45 years). In addition, PWV and other
cardiovascular risk factors were measured in 2007. The association between PWV (in 2007) and blood pressure (in
2011) was studied in the whole population (n=1449) and in a normotensive subpopulation (n=1183). The ability of
PWV measured in 2007 to predict incident hypertension in 2011 was investigated in the subpopulation (n=1183). PWV
measured in 2007 was directly and independently associated with systolic and diastolic blood pressures measured in 2011
(P<0.001 for both). PWV measured in 2007 was also an independent predictor of incident hypertension in 2011 (odds
ratio, 1.96 per 1-SDincrease; 95% confidence interval, 1.51–2.57; P<0.001). The extended prediction model (including
PWV) improved the incident hypertension risk prediction beyond traditional cardiovascular risk factors, the area under
receiver operating characteristics curve being 0.833 versus 0.809 (P=0.040), and the continuous net reclassification
improvement 59.4% (P<0.001). These findings suggest that PWV predicts the progression of blood pressure and could
provide a valuable tool in hypertension risk prediction in young adults.  (Hypertension. 2018;71:00-00. DOI: 10.1161/
HYPERTENSIONAHA.117.10368.) Online Data Supplement
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ardiovascular diseases are the leading cause of death,
accounting for almost a third of global deaths.1 The complications of hypertension are responsible for more than half of
these, and therefore, the World Health Organization has stated
that the prevention and control of hypertension is one of the
most important ways to reduce deaths and disability from noncommunicable diseases.2
As a widely used marker of arterial stiffness, pulse wave
velocity (PWV) is a robust predictor of cardiovascular events
and mortality.3 Increased PWV is also regarded as a marker
of asymptomatic organ damage in the European Society of
Hypertension and the European Society of Cardiology guidelines for the management of arterial hypertension.4 Elevated
blood pressure has been shown to associate with PWV in several studies,5–7 and it has, therefore, been previously assumed
that adverse alterations in the vascular wall caused by hypertension lead to arterial stiffening.8,9 However, contrary to this
assumption, a recent scientific statement from the American
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Heart Association9 suggests that there is strong evidence in
support of the hypothesis that arterial stiffness represents a
cause rather than a consequence of hypertension. This evidence includes the notion that PWV predicts the increase in
blood pressure and onset of hypertension in middle-aged and
older individuals.10–13
Previous studies examining the association between
PWV and longitudinal changes in blood pressure have been
conducted on individuals aged from 53±17 to 60±9 years
(mean±SD).10–13 The objective of the present study was to
evaluate whether PWV predicts an increase in blood pressure and the development of hypertension in young adults
(aged 38±5 years). Another aim was to study whether PWV
improves the risk prediction of incident hypertension beyond
traditional cardiovascular risk factors.

Methods
The study was conducted according to the guidelines of the
Declaration of Helsinki, and the study was approved by local ethics
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committees. Informed written consent was obtained from all subjects.
The data that support the findings of this study are available from the
corresponding author on reasonable request.

Study Population
The Cardiovascular Risk in Young Finns Study is an on-going large
multicenter study of cardiovascular risk factors in Finland. The study
design and protocol have been described in detail previously.14 In brief,
the first cross-sectional study was conducted in 1980 with 3596 participants aged 3 to 18 years. Several follow-up studies have been performed
thereafter. In 2007, 1872 men and women participated in PWV measurement, and 1501 of them also had blood pressure data available in
2011. After excluding subjects with incomplete cardiovascular risk factor data from 2007, a total of 1449 men and women were included in the
present analysis. A subpopulation of 1183 men and women was comprised those subjects who were normotensive in 2007. The association
between PWV measured in 2007 and blood pressure measured in 2011
was studied in both populations. Association between PWV measured
in 2007 and incident hypertension in 2011 was examined in the subpopulation of participants who were normotensive in 2007 (n=1183).
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Blood Pressure Measurement and Clinical
Characteristics
Blood pressure from the right brachial artery was measured in the
sitting position after a 5-minute rest with a random-zero sphygmomanometer (Hawksley & Sons Ltd, Lancin, United Kingdom) in 2007
and 2011 as described previously.15 The average of 3 measurements
was used in the analysis. Hypertension was defined as systolic blood
pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg,4 selfreported use of antihypertensive medication, or a self-reported hypertension diagnosis.
Body mass index (BMI, kg/m2) was calculated by dividing the
weight in kilograms by the square of the height in meters. Venous
blood samples were collected after an overnight fast. Standard methods were used to determine serum high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, C-reactive
protein, insulin, and glucose concentrations.16,17 Smoking habits were
examined with a questionnaire, and the subjects who were smoking
daily were regarded as smokers.

Pulse Wave Velocity
PWV was measured between the aortic arch and the popliteal artery
by the commercially available whole-body impedance cardiography
device (CircMon). To minimize the effects of sympathetic activity
on PWV measurements, participants lay in supine position for at
least 15 minutes prior the measurement. Moreover, participants were
instructed to avoid heavy exercise and alcohol on the previous evening, and smoking, caffeine-containing products, and heavy meals in
the investigation day. A pair of electrically connected current electrodes was applied to the wrists and ankles, and a pair of voltage electrodes was placed 5 cm proximally to the current electrodes. In the
whole-body impedance cardiography measurement, the current electrodes apply current and the voltage electrodes measure the changes
in impedance induced by the heart-synchronous pulsation. The foot
of the whole-body impedance signal coincides with pulse transmission in the aortic arch. An additional pair of voltage electrodes was
applied at the knee joint level and the calf. The foot of the impedance
signal measured at this location coincides with the pulse transmission in the popliteal artery. By means of the measured transit time
from the aortic arch to the popliteal artery, and the estimated distance
between these 2 sites, the CircMon software calculates the PWV.
A more detailed description of the method,6,18 a validation study,18
reference values,19 good repeatability and reproducibility indexes,20
and a good correlation with the tonometric method (carotid–femoral
PWV)21 have been published previously.

Statistics
The data were analyzed with R Statistics version 3.2.4 (R
Development Core Team, Vienna, Austria). Linear regression was

performed to study the association between PWV measured in 2007
and blood pressure measured in 2011. Separate analyses were made
of both populations (whole population and normotensive subpopulation). Logistic regression analysis was used to study the association of PWV measured in 2007 with hypertension in 2011. Logistic
regression was performed on 1183 subjects who were normotensive
in 2007. The regression models additionally included traditional
cardiovascular risk factors measured in 2007 (age, sex, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, glucose, insulin, BMI, smoking, C-reactive protein, heart
rate, and systolic and diastolic blood pressures). The skewed distributions of PWV, C-reactive protein, insulin, and triglycerides were
log transformed. All continuous predictor variables besides age were
standardized to make the predictor variable effect sizes comparable
to each other. Therefore, the regression coefficients (β) in the linear regression models and the odds ratio in the logistic regression
model indicate the effect of a 1-SD change in a predictor variable on
a given dependent variable. The effects of sex by age by BMI interactions on hypertension in 2011 were tested using the stepwise Akaike
Infrormation Criterion. There were no statistically significant interactions between sex, age, or BMI and hypertension in 2011. Before the
analyses, regression models were assessed for excess multicolinearity
by stepwise variance inflation factor selection. All of the variables
had a variance inflation factor <10 and, therefore, the variables were
included in the model simultaneously.
To study whether PWV measured in 2007 improves the incident
hypertension risk prediction in 2011, the area under the receiver
operating characteristic curve and continuous net reclassification
improvement22,23 were calculated. The first model included only traditional cardiovascular risk factors, whereas the second model included traditional risk factors and PWV. Furthermore, the potential
additional value of PWV was assessed by the risk assessment plot.24
A P<.05 was considered statistically significant.

Results
The baseline (2007) characteristics of the whole study population (n=1449) and the subpopulation of normotensive subjects (n=1183) are presented in Table 1. Between 2007 and
Table 1. Baseline (2007) Characteristics of Study Subjects

Variable
Age, y
Sex (% female)
Systolic blood pressure, mm Hg

Whole Population
(n=1449)

Normotensive
Subpopulation
(n=1183)

38.0±5.0

37.4±5.0

56

58

120±14

116±11

Diastolic blood pressure, mm Hg

75±11

72±9

HDL cholesterol, mmol/L

1.3±0.3

1.3±0.3

LDL cholesterol, mmol/L

3.1±0.8

3.0±0.8

Triglycerides, mmol/L

1.1 (0.8–1.6)

1.1 (0.8–1.5)

Body mass index, kg/m2

26±5

25±4

C-reactive protein, mg/L

0.9 (0.4–1.8)

0.8 (0.4–1.6)

Insulin, mU/L

6.6 (4.2–10.3)

6.1 (4.0–9.7)

Glucose, mmol/L

5.3±0.7

5.2±0.5

Hypertension (% of subjects)

18

…

Smoking (% of subjects)

17

18

Pulse wave velocity, m/s

7.9 (7.1–9.0)

7.4 (6.7–8.2)

Values are presented as mean±SD or geometric mean (25th–75th
percentiles) or percentages of subjects. HDL indicates high-density lipoprotein;
and LDL, low-density lipoprotein.
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2011, a statistically significant difference was observed in systolic blood pressure in the whole population (120±14 versus
119±14 mm Hg; P=0.01) and in diastolic blood pressure in
the subpopulation (72±9 versus 73±9 mm Hg; P=0.03). In the
subpopulation of subjects who were normotensive in 2007, 88
(7.4%) subjects had incident hypertension in 2011.
In both populations, PWV measured in 2007 was directly
and independently associated with systolic and diastolic blood
pressures measured in 2011 (Table 2). An increase of 1 SD in
PWV was associated with a 2.75- to 2.96-mm Hg increase
in systolic blood pressure measured in 2011 (P<0.001). For
diastolic blood pressure, the increase was 2.09 to 2.29 mm Hg
Table 2. Associations of Risk Factors Measured in 2007 With
Blood Pressure Measured in 2011
Whole Population (n=1449)
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Variables
Measured
in 2007

β±SE

Subpopulation (n=1183)

P Value

Variables
Measured in
2007

β±SE

P Value

Systolic blood pressure measured in 2011
 Systolic
blood
pressure

7.53±0.44 <0.001

 PWV

2.96±0.33 <0.001

PWV

2.75±0.33 <0.001

 BMI

1.17±0.36 <0.001

Sex

1.99±0.71

0.005

1.78±0.75

0.017

Systolic blood
5.48±0.40 <0.001
pressure

 Diastolic
blood
−1.16±0.42
pressure

0.006

Smoking

 Insulin

0.72±0.36

0.045

BMI

 Age

0.23±0.06 <0.001

Heart rate
Age

1.46±0.36 <0.001
0.68±0.30

0.025

0.23±0.06 <0.001

Diastolic blood pressure measured in 2011
 Diastolic
blood
pressure

3.56±0.32 <0.001

 PWV

2.29±0.25 <0.001

PWV

2.09±0.25 <0.001

 Sex

1.94±0.51 <0.001

Sex

2.02±0.55

 BMI

1.03±0.27 <0.001

BMI

1.33±0.28 <0.001

 Systolic
blood
pressure
 Glucose

0.80±0.34

0.017

−0.77±0.23 <0.001

 Heart
rate

0.55±0.22

 Age

0.13±0.04

Diastolic blood
2.58±0.29 <0.001
pressure

Heart rate
Age

0.72±0.23
0.15±0.05

(P<0.001; Table 2). Between 2007 and 2011, 53 participants
in the whole population and 20 participants in the subpopulation initiated blood pressure–lowering medication. When initiation of blood pressure–lowering medication was included in
the linear regression analysis as a dichotomous variable, in the
whole population initiation of medication was independently
associated with systolic and diastolic blood pressures measured in 2011 (Table S1 in the online-only Data Supplement).
In the subpopulation, association between initiation of antihypertensive medication and systolic or diastolic blood pressure
was not statistically significant.
In multivariable logistic regression analysis, PWV measured in 2007 was the second highest predictor of incident
hypertension in 2011 (odds ratio, 1.96 [95% confidence interval, 1.51–2.57; P<0.001]; Table 3). When more stringent
blood pressure cutoffs were used to define hypertension (systolic blood pressure ≥120 mm Hg or diastolic blood pressure
≥80 mm Hg), PWV measured in 2007 was the highest predictor of incident hypertension in 2011 (odds ratio, 2.16 [95%
confidence interval, 1.72–2.75; P<0.001]; Table S2).
Two models were compared for their ability to classify
participants into the healthy and incident hypertension categories in 2011 (Table 4). The first model included sex and age,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglycerides, glucose, insulin, heart rate, BMI,
smoking, C-reactive protein, and systolic and diastolic blood
pressures measured in 2007. The second model additionally
included PWV. The second model had a higher area under the
receiver operating characteristic curve (0.833) than the first
model (0.809; P=0.040). The continuous net reclassification
improvement for the second model was 59.4% (P<0.001;
Table 4). Essentially, similar results were obtained when more
stringent blood pressure cutoffs were used to define hypertension (systolic blood pressure ≥120 mm Hg or diastolic blood
pressure ≥80 mm Hg; Table S3). The risk assessment plot
Table 3. Relationship Between Variables Measured in 2007
and Hypertension in 2011
Hypertension in 2011

0.001

0.002
0.001

0.013
0.003

Multivariable models included sex and age, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerides, glucose, insulin,
body mass index (BMI), smoking, C-reactive protein, heart rate, systolic and
diastolic blood pressures, and pulse wave velocity (PWV) measured in 2007.
Variables with a statistically significant association with blood pressure are
reported. All continuous predictive variables, expect age, were standardized
before regression analysis. Regression coefficient β indicates the change
in systolic or diastolic blood pressure measured in 2011 when a variable
measured in 2007 changed by 1 SD. For sex and smoking, β indicates the
change in systolic or diastolic blood pressure measured in 2011 when category
changed in 2007. Subpopulation: subjects normotensive in 2007.

Variables Measured in 2007

OR (95% CI)

P Value

 Smoking

2.38 (1.31–4.23)

0.004

 PWV

1.96 (1.51–2.57)

<0.001

 Diastolic blood pressure

1.74 (1.23–2.50)

0.002

 Systolic blood pressure

1.38 (0.98–1.94)

0.063

 Age

1.08 (1.03–1.14)

0.002

The multivariable model included sex and age, as well as high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides,
glucose, insulin, body mass index, smoking, C-reactive protein, heart rate,
systolic and diastolic blood pressures, and pulse wave velocity (PWV) measured
in 2007. Variables with a statistically significant or borderline significant
(P<0.08) association with hypertension are reported. Analyses performed on
1183 subjects who were normotensive in 2007. Eighty-eight (7.4%) of these
subjects had hypertension in 2011. Hypertension was defined as systolic blood
pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, self-reported
use of antihypertensive medication, or self-reported hypertension diagnosis.
CI indicates confidence interval; OR, odds ratio per 1-SD increase in predictor
variable, except for smoking per change in category (nonsmoker/smoker); and
PWV, pulse wave velocity.
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Table 4. Comparison of Models for the Prediction of Incident Hypertension
Model

AUC

95% CI

P Value

NRI Events (%)

P Value

NRI Nonevents (%)

P Value

NRI Total (%)

P Value

Reference
model

0.809

0.767–0.851

…

…

…

…

…

…

…

Reference
model+PWV

0.833

0.795–0.872

0.040

29.6

0.004

29.9

<0.001

59.4

<0.001

Reference model: age, sex, smoking, systolic and diastolic blood pressures, body mass index, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
triglycerides, glucose, insulin, heart rate, and C-reactive protein measured in 2007. Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood
pressure ≥90 mm Hg, self-reported use of antihypertensive medication, or self-reported hypertension diagnosis. AUC indicates area under the receiver operating
characteristic curve; CI, confidence interval; event, incident hypertension; NRI, continuous net reclassification improvement; and PWV, pulse wave velocity.

supported the additional value of PWV in the incident hypertension risk assessment (Figure).

Discussion
Downloaded from http://hyper.ahajournals.org/ by guest on July 21, 2018

The present study examining the effects of PWV on the progression of blood pressure and the development of hypertension among young Finnish adults produced 3 main findings.
First, PWV measured in 2007 was directly and independently
associated with an increase in blood pressure in 2011. Second,
PWV independently predicted the development of hypertension. Third, PWV measured 4 years earlier improved the
incident hypertension risk prediction beyond traditional cardiovascular risk factor.
It has been previously shown in middle-aged and older
populations that carotid–femoral10,12 and brachial–ankle11,13
PWV are related to future blood pressure levels and incident hypertension. Conversely, initial blood pressure levels

Figure. Additional value of pulse wave velocity (PWV) compared
with the baseline (reference) model for the prediction of incident
hypertension. Risk assessment plot for baseline (reference)
model (dashed lines) and new model including PWV (solid lines).
Event curves (black lines) represent sensitivity vs calculated risk.
No event curves (red lines) represent 1-specificity vs calculated
risk. Baseline (reference) model: age, sex, smoking, systolic
and diastolic blood pressures, body mass index, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
triglycerides, glucose, insulin, heart rate, and C-reactive protein.
New model: baseline (reference) model+PWV.

were not found to associate with future carotid–femoral12
or brachial–ankle13 PWV. Therefore, based on these and
other studies using different methods to evaluate arterial
stiffness,25,26 a recent scientific statement by the American
Heart Association suggests that arterial stiffness represents
a cause rather than a consequence of hypertension.9 The
present study supported this view by showing that PWV is
directly and independently associated with blood pressure
progression and incident hypertension among young adults.
Although the mechanism between arterial stiffening and
the development of hypertension is incompletely known,
Mitchell8 has provided a plausible explanation. With aging,
the aorta dilates and a greater fraction of stress is transferred
from elastin to the more rigid collagen in the arterial wall.8,27
In younger subjects, although arterial wall stiffness is already
increased, the aorta’s dilation may reduce the pressure pulsatility.8 Later in life, pulse pressure will begin to rise in proportion to the increase in PWV because the effect of dilation
is attenuated by the growing amount of stress shifted from
elastin to collagen.8
To the best of our knowledge, this is the first study to
demonstrate that PWV measured 4 years earlier improves the
classification of participants into the categories of healthy
and incident hypertension. A continuous net reclassification
improvement of 59.4% may be considered rather a strong
improvement in reclassification when PWV is added to the
model (in addition to traditional cardiovascular risk factors).28 Therefore, our findings suggest that PWV could provide a valuable tool for future hypertension risk assessment
in clinical practice.
In the current study, systolic and diastolic blood pressures
were weaker predictors of incident hypertension than PWV.
Moreover, age was the weakest predictor of incident hypertension with a modest odds ratio of 1.08. Similar findings have
been reported previously,11 and the present findings, therefore, provide further support for the incremental predictive
value of PWV. It should be noted that smoking in 2007 was
also a strong predictor of incident hypertension in 2011. This
finding is in line with a previous study showing an increased
incidence of hypertension among women who smoke at least
15 cigarettes per day.29 Furthermore, it has been previously
shown that smokers have higher arterial pulse wave reflections
compared with nonsmokers.30
The current PWV measurement method should be discussed briefly. As reviewed by Parati and Salvi,31 increase
in sympathetic activity results in decreased distensibility (or
increased stiffness) in muscular arteries. On the contrary, the
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effect of sympathetic nervous activation on aortic stiffness
is weak. Therefore, we may speculate that carotid–femoral
PWV, a gold standard method to assess arterial stiffness,
would be a better indirect measure of arterial wall mechanical properties than the current PWV measurement method,
which includes not only elastic aorta, but also muscular
femoral and popliteal arteries. However, Wilenius et al21
have previously shown that the current PWV measurement
method (CircMon) is well in agreement with tonometric
(SphygmoCor) carotid–femoral PWV. Moreover, all efforts
were made to minimize the effects of sympathetic activity
on PWV measurement, as described in the Methods section.
Furthermore, heart rate, as an indirect marker of sympathetic activity, was included in all of the statistical models.
Therefore, we strongly think that the present results are
comparable to the previous studies, particularly to those
conducted by using the carotid–femoral PWV,10,12 and that
increased sympathetic activity may not be playing major role
behind the finding.
A major limitation of the present study was the lack of
PWV data in 2011. Therefore, we were not able to examine
the effects of blood pressure and hypertension on PWV progression. However, the objective of the present study was to
evaluate whether PWV measured 4 years earlier predicts an
increase in blood pressure and the development of hypertension in young adults. Moreover, our aim was to study whether
PWV improves the risk prediction of incident hypertension
beyond traditional cardiovascular risk factors, which is also
novel information to the best of our knowledge. Another
potential limitation was that the blood pressure measurements were not ambulatory or home blood pressure measurements, which might have overestimated the actual blood
pressure levels.4

Perspectives
Our current findings suggest that PWV directly and independently predicts an increase in blood pressure and the development of hypertension among young adults. Moreover, PWV
improves incident hypertension risk prediction. PWV could,
therefore, provide a valuable additional tool for future hypertension risk evaluation.
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Novelty and Significance
What Is New?

•

We studied the ability of pulse wave velocity to predict the progression
of blood pressure and the onset of hypertension among young adults.

What Is Relevant?

•

Pulse wave velocity measured 4 years earlier was a strong independent
predictor of blood pressure increase and the development of hypertension.

•

Pulse wave velocity improved the hypertension risk prediction beyond
traditional cardiovascular risk factors.

Summary
Pulse wave velocity predicts the increase in blood pressure and development of hypertension among young adults. In addition, pulse
wave velocity improves hypertension risk prediction.
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Table S1. Associations of risk factors measured in 2007 with blood pressure measured in 2011.
Systolic blood pressure measured in 2011
Whole population (n=1449)

Subpopulation (n=1183)

β±SE

P value

Variables
measured in 2007

β±SE

P value

Systolic blood
pressure

7.69±0.44

<0.001

Systolic blood
pressure

5.52±0.40

<0.001

Initiation of
antihypertensive
medication

-5.18±1.48

<0.001

PWV

2.80±0.33

<0.001

PWV

3.01±0.33

<0.001

Sex

1.86±0.71

0.010

BMI

1.15±0.36

0.001

Smoking

1.79±0.75

0.016

Diastolic blood
pressure

-1.07±0.42

0.011

BMI

1.46±0.36

<0.001

Insulin

0.72±0.36

0.043

Heart rate

0.68±0.30

0.025

Age

0.23±0.06

<0.001

Age

0.23±0.06

<0.001

Variables
measured in 2007

Diastolic blood pressure measured in 2011
Whole population (n=1449)

Subpopulation (n=1183)

β±SE

P value

Variables
measured in 2007

β±SE

P value

Diastolic blood
pressure

3.61±0.32

<0.001

Diastolic blood
pressure

2.60±0.29

<0.001

Initiation of
antihypertensive
medication

-2.85±1.13

0.012

PWV

2.12±0.25

<0.001

PWV

2.31±0.25

<0.001

Sex

1.94±0.55

<0.001

Sex

1.82±0.51

<0.001

BMI

1.33±0.28

<0.001

BMI

1.01±0.27

<0.001

Heart rate

0.72±0.23

0.002

Systolic blood
pressure

0.88±0.34

0.009

Age

0.15±0.05

0.001

Glucose

-0.73±0.23

0.002

Heart rate

0.57±0.22

0.010

Age

0.13±0.04

0.003

Variables
measured in 2007

Multivariable models included sex and age, HDL cholesterol, LDL cholesterol, triglycerides,
glucose, insulin, body mass index (BMI), smoking, C-reactive protein, heart rate, systolic and
2
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diastolic blood pressure, and pulse wave velocity (PWV) measured in 2007. In addition, models
included initiation of antihypertensive medication between 2007 and 2011 (dichotomous variable).
Variables with a statistically significant association with blood pressure are reported.
All continuous predictive variables, expect age, were standardized before regression analysis.
Regression coefficient β indicates the change in systolic or diastolic blood pressure measured in
2011 when a variable measured in 2007 changed by 1 standard deviation (SD). For sex, smoking,
and initiation of antihypertensive medication, β indicates the change in systolic or diastolic blood
pressure measured in 2011 when category changed. SE: standard error. Subpopulation: subjects
normotensive in 2007.
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Table S2. Relationship between variables measured in 2007 and hypertension in 2011.
Hypertension in 2011
Variables measured in 2007

OR (95 % CI)

P value

PWV

2.16 (1.72 - 2.75)

<0.001

Systolic blood pressure

1.89 (1.43 - 2.51)

<0.001

Smoking

1.64 (0.94 - 2.81)

0.077

BMI

1.36 (1.08 - 1.72)

0.008

The multivariable model included sex and age, as well as HDL cholesterol, LDL cholesterol,
triglycerides, glucose, insulin, body mass index, smoking, C-reactive protein, heart rate, systolic
and diastolic blood pressure, and pulse wave velocity (PWV) measured in 2007. Variables with a
statistically significant or borderline significant (p<0.08) association with hypertension are reported.
Analyses performed on 679 subjects who were normotensive in 2007. 153 (22.5%) of these subjects
had hypertension in 2011.
Hypertension was defined as systolic blood pressure ≥ 120 mmHg, diastolic blood pressure ≥ 80
mmHg, self-reported use of antihypertensive medication, or self-reported hypertension diagnosis.
OR: odds ratio per 1 SD increase in predictor variable, except for smoking per change in category
(nonsmoker/smoker). CI: confidence interval.
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Table S3. Comparison of models for the prediction of incident hypertension
Model

AUC

95 % CI

P value

NRI events
(%)

P value

NRI non-events P value
(%)

Reference model

0.712

0.667-0.758

-

-

-

-

Reference model +
PWV

0.773

0.733-0.814

<0.001

25.5

0.001

28.9

NRI total
(%)

P value

-

-

-

<0.001

54.4

<0.001

Reference model: age, sex, smoking, systolic and diastolic blood pressure, body mass index, LDL cholesterol, HDL cholesterol, triglycerides,
glucose, insulin, heart rate, and C-reactive protein measured in 2007.
Hypertension was defined as systolic blood pressure ≥ 120 mmHg, diastolic blood pressure ≥ 80 mmHg, self-reported use of antihypertensive
medication, or self-reported hypertension diagnosis.
PWV: pulse wave velocity. AUC: area under the receiver operating characteristic curve. CI: confidence interval. NRI: continuous net
reclassification improvement. Event: incident hypertension.
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