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There is a large body of evidence that central arteries stiff-
ness is a marker of CV risk.1,2 Its predictive value of CV 
events and coronary heart events above and beyond tradi-
tional risk factors was demonstrated on specific groups3–6 
and the general population.7–9 Accordingly, the monitoring 
of arterial stiffness has been included in the 2007 and 2013 
ESH/ESC guidelines for the management of hypertension10 
and the position paper from the ESC.11

Carotid-femoral pulse wave velocity (cfPWV) by applana-
tion tonometry is considered as the reference noninvasive 
technique to measure central, mainly aortic, stiffness.1 It is 
simple and reliable enough to have been included in rou-
tine clinical examination, but it suffers from a number of 
limitations that prevent its widespread use. First, it must 
be handled by a trained physician. Indeed, 2 waveforms are 
recorded at the carotid and femoral arteries, simultaneously 

or gated by an ECG. The captation of the pulse waves, espe-
cially at the femoral site, may be delicate, in particular in 
patients with diabetes or obesity or in certain cultures. In 
addition, the measurement is also likely to be biased by a 
“white coat effect” and a added stress caused by the palpation 
of the femoral pulse. The recent years have therefore wit-
nessed the emergence of a number of increasingly operator-
independent apparatus to measure cfPWV more easily,12–18 
but they are all aimed at a clinical use and some of them 
are disputable in term of validity. At the present stage, no 
device is adapted for nonmedical, self measurement of arte-
rial stiffness.

We developed a novel device, a bathroom scale perform-
ing a direct measurement of aortic pulse wave velocity. In 
the following, we present the principles of the technique, the 
results of a validation study against the SphygmoCor, and 
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BACKGROUND
Measurement of arterial stiffness should be more available. Our aim 
was to show that aortic pulse wave velocity can be reliably measured 
with a bathroom scale combining the principles of ballistocardiography 
(BCG) and impedance plethysmography on a single foot.

METHOD
The calibration of the bathroom scale was conducted on a group of 
106 individuals. The aortic pulse wave velocity was measured with 
the SphygmoCor in the supine position. Three consecutive measure-
ments were then performed on the Withings scale in the standing 
position. This aorta-leg pulse transit time (alPTT) was then converted 
into a velocity with the additional input of the height of the person. 
Agreement between the SphygmoCor and the bathroom scale so 
calibrated is assessed on a separate group of 86 individuals, follow-
ing the same protocol.

RESULTS
The bias is 0.25 m·s−1 and the SE 1.39 m·s−1. This agreement with 
Sphygmocor is “acceptable” according to the ARTERY classification. The 
alPTT correlated well with cfPTT with (Spearman) R = 0.73 in pooled 
population (cal 0.79, val 0.66). The aorta-leg pulse wave velocity cor-
related with carotid-femoral pulse wave velocity with R = 0.76 (cal 0.80, 
val 0.70).

CONCLUSION
Estimation of the aortic pulse wave velocity is feasible with a bathroom scale. 
Further investigations are needed to improve the repeatability of measure-
ments and to test their accuracy in different populations and conditions.
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describe the association of the pulse transit time with physi-
ological variables known to be associated.

METHODS

Principle of the measurement on Withings scale

The bathroom scale uses the principle of impedance ple-
thysmography (IPG) in a single foot combined with ballisto-
cardiography (BCG). The ballistocardiogram corresponds to 
the recording of the small variations of body weight caused 
by the pulsatile displacement of blood generated by the left 
ventricle, see the study by Pinheiro et al.19 for a comprehen-
sive review. The principle of BCG is known since 1937 and 
was primarily developed for monitoring LV contraction. The 
typical tracing of BCG comprises 2 extremal peaks H and 
I which correspond to the opening of the aortic valve, thus 
the ejection phase of systole. With simultaneous recordings 
of a ballistocardiogram and a phonocardiogram, the BCG 
has been shown20 to be a reliable marker of the opening of 
the aortic valve and consecutive ejection.

Local impedance-plethysmogram (IPG) detects the varia-
tions of the volume of blood at the measurement site. Tissues 
form a conducting electrolyte whose conductivity is roughly 
constant. Since conductivity of blood is higher than solid 
tissues, the flow wave induces changes in impedance pro-
portional to blood flow. Flow is induced by instantaneous 
gradients in pressure, and 2 waves are perfectly in phase at 
least during the early phases of systole when the reservoir 
effect and wave reflections are not occurring. Practically, a 
very low intensity, high-voltage current of known amplitude 
is applied in between the toes and the heel through thin elec-
trodes on the surface of the glass plate of the scale, and the 
corresponding voltage is measured. The impedance is calcu-
lated from the the amplitude of voltage though Ohm’s law. 
On time series, the small pulsatile component corresponds 
to the impedance-plethysmogram caused by blood flow 
changes, see Figure 1.

In brief, the BCG provides a hallmark of the onset of sys-
tole, while the foot of the rising slope of the IPG is a hall-
mark of the arrival time of the pulse in the foot. Hence, with 
the bathroom scale, we are able to measure the time interval 
aorta-leg pulse transit time (alPTT) between the ejection 
phase of systole from BCG and flow arrival in the foot.

Study protocol

Blood pressure was measured with an Omron 705C oscil-
lometric device, in supine position for cfPWV measurement, 
then in orthostatic position. The cfPWV was measured by a 
physician trained with the SphygmoCor, (HK). Participants 
rested in supine position for 5 minutes before the measure-
ment. Following,1 the travel distance was measured with a 
nonstretchable ruler between the measurement sites at the 
carotid and femoral arteries, and corrected by the multipli-
cative factor 0.8. Measurements were performed on the right 
side. The average of 2 consecutive measurements was taken. 
When these measurements differed by more than 0.5 m·s−1, 
a third measurement was made and cfPWV was taken equal 
to the central value.

Then, participants were asked to stand up. They remained 
in upright position for 5 minutes before measurement of the 
PWV on the bathroom scale. To ensure they reached a sta-
ble hemodynamic state within this lapse of time, they were 
allowed to move slightly while their upright brachial blood 
pressure was measured. Finally, 3 consecutive measurements 
of PWV on the bathroom scale were performed, each lasting 
20 seconds. They were proposed to lay their hands on the 
wall facing them to ensure a better balance. The participants 
stepped down from the scale for a few seconds between each 
acquisition to avoid becoming fatigued.

Analysis of BCG and IPG signals

An example of BCG and IPG signals is shown on Figure 1.
The analysis of IPG signals was similar to the analysis of 

tonometric signals by the SphygmoCor. In particular, the foot 
of the rising slope of the IPG is calculated by the method of 
intersecting tangents.21 The BCG presents several character-
istic points (known as F, G, etc. see e.g., study by Scarborough 
Talbot22). The apexes H, I, and J are stable markers of the 
onset of systole. For each of the 20-second long measure-
ment, the time difference between a BCG marker and the 
foot of the IPG is calculated at each heart beat. An aorta-leg 
Pulse Transit Time alPTT is then defined from a combina-
tion of the various calculated time intervals. For each person, 
the result of 3 measurements is then averaged. A machine-
learning algorithm (random forest) was developed to process 
automatically the signals. It takes as input the raw signals of 
IPG and BCG and outputs the labels at each beat successfully 
identified (F, G, etc. on the BCG, foot, and max of the IPG).

Population

Volunteers were recruited either through a specialized 
company (Stephenson études, http://stephenson-etudes.fr/),  

Figure 1. Example of a BCG (top) and a IPG (bottom) acquired syn-
chronously on a bathroom scale after smoothing. ADC steps corre-
spond to arbitrary voltage units of the analogue to digital converter 
(ADC). Abbreviations: BCG, ballistocardiography; IPG, impedance 
plethysmography.

http://stephenson-etudes.fr/
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or through the outpatient clinic of HEGP for whom arte-
rial measurements were done as routine test, including 
weighting with the Withings scale. Inclusion criteria were 
to volunteer for the study and having signed the informed 
consent. The procedure (weighting, blood pressure, and 
cfPWV) responding to standard care or entering the defi-
nition of minimal constrains and risk procedures, the Ethic 
Committee was consulted but did not have to give a formal 
answer. Subjects could be either normotensive or treated 
hypertensives of both sexes. Subjects were excluded if they 
present patent cardiovascular diseases, any chronic illness 
including psychiatric disorders. Patients were also excluded 
if pregnant or having morbid obesity (BMI > 35kg · m−2).

Definition of the Data Sets. Three independent sets were 
used in this study.

The training data set was used to train the machine-learning 
algorithm (see section Analysis of BCG and IPG signals). The 
signals of the training set were labeled manually after preproc-
essing (mostly filtering) on a computer. The training set was 
composed of 191 recordings obtained in a home setting on 90 
different beta-testers from the Withings company (mean age 
30 years, with 50% women and no case of hypertension).

The calibration data set was used to calibrate the bath-
room scale, i.e., to adjust a model of aorta-leg pulse wave 
velocity (alPWV) as a function alPTT and distance estima-
tion from height. A total of 106 participants were recruited 
for calibration, including 51 women (48%). It has an equal 
number of participants between 3 age groups ≤30, 31–60, 
and ≥61. Thirty-five participants had essential hyperten-
sion, including 20 with arterial hypertension of grade I, 13 of 
grade II, and 2 of grade III. Three of them had no treatment. 
The population also included 12 participants with high cho-
lesterol and 28 smokers.

The validation data set was used for the agreement study 
with the SphygmoCor. The validation set comprises 99 
patients, including 50 women. Forty-five participants had 
essential hypertension. The age distribution differs from that 
of the calibration sample: 13% are ≤30, 49% are between 31 
and 60, and 38% are ≥61 years old.

The signals of the calibration and validation sets were 
labeled automatically by the random forest algorithm. The 
calibration and validation groups differ significantly by 
the proportion of hypertensive (resp.  31% and 45%), age 
(P = 0.001), heart rate in supine position (P = 0.006), and 
diastolic pressure in standing position (P = 0.03). The char-
acteristics of the pooled calibration and validation sets are 
given in Table 1.

Statistical analysis

The statistical analysis was conducted with the open 
source software Octave. Throughout, type-I error rate of 
hypothesis tests is fixed at 0.05. Normality was assessed with 
the Shapiro–Wilk test, normal probability plots, and tests on 
third and fourth sample moments.23 Homoscedasticity was 
checked by inspection of the scatter plot of the residuals. We 
used a t-test assuming equal variance to test equality of mean 
values, F-test for the equality of variances. Reliability of the 

recordings was assessed with the SD of the alPTT and cfPTT 
calculated at each beat.

Repeatability of the measurements was assessed with the 
difference between the largest and smallest values of alPTT 
and cfPTT between the 2 and 3 consecutive measurements.

The agreement with the SphygmoCor as measured by 
a Bland–Altman analysis was performed on the separate 
validation set.

Robust techniques were prefered for the analysis of the 
association of alPTT with other variables. Bivariate correla-
tion was expressed with the Spearman rank-order correlation 
coefficients, and robust confidence intervals were calculated 
with Fisher’s z transform using conservative Fieller’s et  al. 
estimate of the SE.24 Robust regressions using Andrew’s sine 
were made to analyze the relation between the pulse transit 
times alPTT of the bathroom scale and the other variables.

RESULTS

Data quality

Rate of failed measurements.  Signals from the calibra-
tion and validation sets are labeled automatically by the 
machine-learning algorithm. It outputs a value of alPTT 
only if there are at least 24 beats over 60 seconds of record-
ings. All the 318 (=3 × 106) acquisitions could be processes, 
but the algorithm discarded 13 out of the 99 participants in 
the validation set.

Reliability of the Measurements. SphygmoCor built in 
quality control requires a SD of cfPTT <10% of the mean 
value cfPTT.

Calibration set. This occurred in 6.7% of the 224 meas-
urements with the SphygmoCor, all but 4 corresponding to 

Table 1. Descriptive statistics of the sample used for calibration 
and validation (n = 205)

Variable Mean SD Range

Age (years) 48.7 16.9 18–84

Height (cm) 171 9.4 152–196

CF distance (cm) 60.9 4.5 51–75

Weight (kg) 73.5 14.2 46–118

BMI (kg m−2) 25.1 3.6 18.4–34.8

Supine SBP (mm Hg) 125.8 18.6 88–189

Supine DBP (mm Hg) 75.3 10.2 55–104

Supine heart rate (bpm) 70.6 12.3 42–116

Standing SBP (mm Hg) 123.6 19.9 86–225

Standing DBP (mm Hg) 83.1 12.0 60–127

Standing heart rate (bpm) 78.5 12.0 48–110

cfPWV (m·s−1) 7.8 2.1 4.7–19.2

cfPTT (ms) 65.5 14.6 28.3–100.8

Abbreviations: BMI, body mass index; cfPWV, carotid-femoral 
pulse wave velocity; DBP, diastolic blood pressure; SBP, systolic 
blood pressure.
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cfPWV larger than 10 m·s−1. The average value of cfPTTSD 
was 6.3% of the mean value, or 4  ms. By comparison, the 
variability of the corresponding transit time in the scale 
alPTT was larger. The average value of alPTTSD was 23% of 
the mean value, or 15 ms, ranging from 5 to 31 ms over the 
calibration data set.

Validation set:  Results on the validation data set are 
similar. On the Sphygmocor, cfPTTSD exceeded 10% in 2.2% 
of the 182 recordings, all but one corresponding to velocities 
larger than 10 m·s−1. The average value of cfPTTSD was 5.5% 
of the mean value, or 3.5 ms. The average value of alPTTSD 
was 23% of the mean value, or 15 ms, ranging from 5 to 30 ms.

Repeatability of the method. To assess the repeatability 
of the measurements, we calculated for each participant the 
difference between the largest and smallest values of the con-
secutive alPTT. We have a mean difference of 6 ms over the 
calibration set, and 8 ms over the validation set. For com-
parison on the SphygmoCor, the mean difference was about 
3 ms on both sets.

Agreement with the SphygmoCor

Pulse wave velocity.  In order to test separately, the 
machine-learning algorithm used to label the BCG and 
IPG signals, we first present results on the calibration set. 
Recall that this data set was used to adjust the model con-
verting alPTT into alPWV, where alPTT is the output of the 
machine-learning algorithm. Figure 2 is the scatter plot of 
the predicted alPWV of the 106 participants against the cor-
responding cfPWV measured with the SphygmoCor. The 
Spearman correlation coefficient is 0.80. Figure  3 shows 
the agreement between alPWV and cfPWV measured with 
the SphygmoCor. The bias is 0.07 m·s−1 ([−0.22, 0.39]) and 
95% the limits of agreement are ([−2.93, 3.09]). The SD of 
the error is 1.54 m·s−1. Data from the validation set were 

processed by the final algorithm combining the signal pro-
cessing from the machine-learning algorithm and the model 
calibrated on the calibration set. Figure 4 is the scatter plot of 
the 86 predicted alPWV against the corresponding cfPWV. 
The Spearman correlation coefficient is 0.70. Figure 5 shows 
the agreement between alPWV and cfPWV measured with 
the Sphygmocor. The bias is 0.25 m·s−1 ([−0.04, 0.55]) and 
95% the limits of agreement are ([−2.48, 2.98]). The SD of 
the error is 1.39 m·s−1.

In summary, these results show the good performance of 
the machine-learning algorithm and an agreement between 
the estimates alPWV and cfPWV of the aortic PWV which 
is acceptable according to ARTERY guidelines.25

Association between alPTT and cfPTT. Calibration and 
validation data sets are pooled for this statistical analyses. 

Figure  2. Scatter plot of alPWV with cfPWV in the calibration set 
(n = 106). The blue line is the identity. The red lines are 1.5 m·s−1 away from 
the identity. Abbreviations: cfPWV, carotid-femoral pulse wave velocity.

Figure  3. Bland–Altman plot of alPWV and cfPWV on the calibration 
set. Abbreviations: cfPWV, carotid-femoral pulse wave velocity.

Figure  4. Scatter plot of alPWV with cfPWV in the validation set 
(n = 86). The blue line is the identity. The red lines are 1.5 m·s−1 away from 
the identity. Abbreviations: cfPWV, carotid-femoral pulse wave velocity.
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Spearman correlation coefficient (95% confidence interval) 
is 0.72 ([0.64, 0.79]). In univariate robust regression, cfPTT 
explained 52% of the variance of alPTT. The scatter plot and 
regression line are shown on Figure 6. The value of the slope 
(95% confidence interval) is 0.75 ([0.65, 0.85]). The SD of the 
error on the estimated pulse transit time is 11 ms.

Associations of PTT with age, height, heart rate, and blood 
pressure

The β-coefficients of the robust regressions are given in 
Table 2 for standardized variables so that they can be directly 
compared with one another.

alPTT.  First, in a robust multivariate regression exclud-
ing cfPTT (model 1), only age was statistically significantly 
associated alPTT. This model explains 58% of the variance. 

The association with age alone is strong since it explains 52% 
of the variance (coefficient −0.73) in a univariate model.

Second, including cfPTT in the list of independent vari-
ables (model 1′), a robust multivariate regression selected 
age, cfPTT, marginally the height, thus explaining 65% of 
the variance

cfPTT. A robust multivariate regression showed an 
association with age, SBP in standing position, and height, 
explaining 57% of the variance (model 2). Among all blood 
pressure components, the association was strongest with 
SBP in standing position. Adjusting also for alPTT (model 
2′), the association was significant with alPTT, height, SBP 
in standing position, but only marginally with age.

This analysis shows 2 interesting results. First, after adjust-
ment of the other variables, the association between alPTT 
and age is stronger than between cfPTT and age: the stand-
ardized β-coefficients in models 1′ and 2′ are −0.43 for alPTT 
and −0.15 for cfPTT. It is noteworthy that the 95% confidence 
intervals do not overlap. Second, the association with blood 
pressure, in particular SBP in standing position, is much 
stronger with cfPTT than alPTT (for which no statistically sig-
nificant association was found) after adjustment of the other 
variables. Finally, we also note that the association of alPTT 
with height is slightly weaker than between cfPTT and height.

Associations of PWV with age, height, heart rate, and blood 
pressure

alPWV. In a model excluding cfPWV (model 3), age 
was the only variable associated with alPWV in a robust 

Figure 5. Bland–Altman plot of alPWV and cfPWV on the validation set. 
Abbreviations: cfPWV, carotid-femoral pulse wave velocity.

Figure 6. Scatter plot of alPTT measured by Body Cardio scale vs 
cfPTT measured by the SphygmoCor. The red line is the robust univari-
ate regression. Abbreviations: alPTT, aorta-leg pulse transit time; cfPTT, 
carotid-femoral pulse transit time.

Table 2. Coefficients (95% CI) of the robust multivariate 
regressions

Variable Estimate, 95% CI P R2

Dependent var. alPTT—model 1

Age −0.58 [0.71, 0.0.46] 10−16 0.58

Height 0.20 [0.009, 0.30] 2·10−4

Dependent var. alPTT—model 1ʹ
Age −0.43 [0.56, 0.31] 2·10−10

cfPTT 0.40 [0.26, 0.53] 4·10−8 0.65

Height 0.10 [0.00, 0.20] 0.046

Dependent var. cfPTT—model 2

Age −0.39 [0.52, 0.26] 4·10−8

Height 0.26 [0.15, 0.37] 10−6 0.57

Standing SBP −0.33 [0.54, 0.11] 4·10−3

Dependent var. cfPTT—model 2ʹ
alPTT 0.41 [0.27, 0.55] 7·10−8

Height 0.18 [0.08, 0.28] 5·10−4 0.63

Standing SBP −0.29 [0.09, 0.49] 5·10−3

Age −0.15 [0.01, 0.30] 0.04

The variables are standardized. Only statistically significant vari-
ables are given. Abbreviations: alPTT, aorta-leg pulse transit time; 
cfPTT, carotid-femoral pulse transit time; cfPWV, carotid-femoral pulse 
wave velocity; CI, confidence interval; SBP, systolic blood pressure.
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multivariate regression (Table  3). This model explains 
57% of the variance. Age alone explains 47% of the vari-
ance (β-coefficient 0.66) in a robust univariate regres-
sion. Including cfPWV (model 3ʹ), we have a significant 
association with cfPWV, age, and borderline for height 
(P  =  0.07). This model explained 64% of the variance 
of alPWV.

cfPWV. Only age was statistically significantly associ-
ated with cfPWV in a robust multivariate regression (model 
4). This model explained 55% of the variance, and a robust 
regression on age alone explained 47% of the variance 
(β-coefficient 0.55).

DISCUSSION

In the present study, the combined use of IPG in a sin-
gle foot and BCG, with additional input of the height of the 
person, estimated the carotid-femoral PWV with acceptable 
accuracy and precision.

We stress the nontrivial character of this result. Indeed, 
there are several important differences between the stand-
ard technique of applanation tonometry and our setup on 
a bathroom scale. A  first difference of importance is the 
position of the subject: supine for tonometry, upright on the 
bathroom scale.

A second major difference is the path of the pulse wave. 
With the applanation tonometry, the pulse wave follows a 
complex path where the main segments are the carotid (ret-
rograde), the descending aorta and the iliac artery and femo-
ral arteries (anterograde). With the bathroom scale, the path 
of the pulse wave is unidirectional, but includes distal arter-
ies of the lower limbs. It starts at the heart and includes the 
ascending aorta, the aortic arch, the descending aorta, the 
iliac artery, and the arteries of the lower limbs down to the 
foot (femoral, tibial and peronal, and plantar arch). Despite 
that more than half of the path length comprises these dis-
tal arteries, the fact that they are stiffer than the aorta and 
exhibit a relatively slow aging26,27 is presumed to make them 
fairly neutral, but still has to be proven in different condi-
tions. By contrast, the inclusion of the most proximal part of 

the aorta is an advantage of the bathroom scale compared to 
the reference technique.

Despite these differences, a good correlation was found 
between the pulse transit times measured by the two devices. 
The variability between measurements on the scale is twice 
as large as with the SphygmoCor, but limitation can be com-
pensated by the fact that this device is destined to repeated 
measures in individuals. Indeed, given the ease and rapidity 
of the measurement on a bathroom scale, more than 3 meas-
urements can be made and averaged to yield a meaningful 
result.

The estimation of the carotid-femoral distance from the 
height of the person is a limitation of both the study and 
the technique.28 Although the measurement of the carotid to 
femoral distance is also subject to many criticisms, an esti-
mation of this distance from body height has been used in 
the past.29 One critic might be the validity of self-reported 
body height. Indeed, we noticed in the course of the valida-
tion protocol that people are often unaware of their exact 
height, sometimes by more than 10 cm. We should have 
included a measure of the height of each participant in our 
protocol. At least, this corresponds to the future usage by the 
public of the scale. Measuring height was associated with 
minimal changes in precision in the subgroup of patients 
where we actually measured height (data not shown). Some 
discrepancies between cfPWV and alPWV might corre-
spond to true changes in PWV between supine and standing 
position. A few studies investigated the impact of standing 
on PWV and found a BP related increase. Here, this explana-
tion is unlikely because the difference between cfPWV and 
alPWV was not related to BP changes between supine and 
standing (data not shown).

The technique is also potentially limited by the gait insta-
bility which affects more frail elderly and certain neurologi-
cal diseases. Other diseases might affect the pertinence of 
the measurement, such as atrial fibrillation or premature 
heart beats, lower limb atherosclerosis, skin diseases, severe 
heart failure etc. One has to remind that this device is pri-
marily made for self-assessment of risk in relatively healthy 
subjects, and not for clinical use. Visual inspection of Bland 
and Altman plots shows a high degree of heteroscedasticity. 
This can be considered as a measure of imprecision and is a 
clear limitation of the method.

We found a closer association of age on alPWV than on 
cfPWV, suggesting that cfPWV is more strongly influenced 
than alPWV by known variables other than age. This is to 
our knowledge the first time that an arterial parameter has 
stronger association with age than cfPWV, suggesting that 
alPWV contains information additional to cfPWV. This is an 
exciting prospect worthy of further investigations.

One important point is the communication made around 
this value of pulse wave velocity. In order to be interpreted, 
age has to be taken into account. For the moment, afPWV 
is returned to the user as the mean of 5 measurements, and 
in 3 categories (optimal, normal, and elevated) according to 
percentiles of the reference value population.30 The appli-
cation is providing advices based on physical activity, diet, 
and stress control. Whether this translates into a reduction 
of risk factors and a better prevention of cardiovascular dis-
eases remains to be studied.31

Table 3. Coefficients (95% CI) of the robust multivariate 
regressions

Variable estimate, 95% CI P R2

Dependent var. alPWV—model 3

 Age 0.55 [0.43, 0.68] 3·10−16 0.57

Dependent var. alPWV—model 3ʹ
 cfPWV 0.40 [0.27, 0.53] 6·10−9 0.64

 Age 0.38 [0.26, 0.50] 4·10−9

Dependent var. cfPWV—model 4

 Age 0.38 [0.26, 0.50] 4·10−9 0.55

The variables are standardized. Only statistically significant vari-
ables are given. Abbreviations: cfPWV, carotid-femoral pulse wave 
velocity; CI, confidence interval.
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In conclusion, we showed that IPG in a single foot com-
bined to BCG to measure the PWV on a bathroom scale is 
possible and may be promising for widespread use in the 
home setting. However, further investigations are needed 
to improve the repeatability of measurements, and it is nec-
essary to test their accuracy in different populations and 
conditions.
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