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EDITORIAL

Arterial stiffness on a different scale
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This editorial refers to ‘Home monitoring of arterial
pulse-wave velocity during COVID-19 total or partial
lockdown using connected smart scales’, by R.M. Bruno
et al., https://doi.org/10.1093/ehjdh/ztac027.

Introduction

Arterial stiffness is a known predictor of cardiovascular disease’ and
also a measure of target organ damage.? Although carotid—femoral
pulse wave velocity (PWV) is the current gold standard for assessing
arterial stiffness, its measurement (i) requires the individual to be in
a supine position, (i) is complicated in overweight individuals, and
(iii) requires a femoral measurement in the groin area, which in
some countries is deemed inappropriate. Several devices have
been proposed to overcome (some of) these limitations. These in-
clude devices measuring cardio-ankle vascular index (not requiring
a femoral measurement)® and single-cuff-based devices.” All these
devices aim at PWV measurement in the clinic.

In 2017, Campo et al.® presented a different type of device: a con-
nected bathroom scale able to measure PWV at home. This device
works by estimating the heart—foot pulse transit time interval. The start
of the transit time interval is estimated using ballistocardiography: when
the left ventricle contracts, it accelerates blood upwards into the as-
cending aorta, which (Newton'’s third law) causes a downward acceler-
ation of the heart and of the body as a whole.” This acceleration is
measured as a minute weight increase on the scale. The end of the tran-
sit time interval is estimated using impedance plethysmography at the
foot: by applying a small electrical current through the foot, impedance
is measured. As soon as the blood pressure wave reaches the foot, the
arteries therein dilate, causing a temporal increase in blood volume in
the foot. Since the impedance of blood is lower than that of the foot’s
tissue, it causes a small decrease in measured impedance.

In the present issue of the European Heart Journal — Digital Health,
Bruno et al.? used this novel device to measure PWV in ~53 000 in-
dividuals of which 50% resided in France and 50% in Germany.
Measurements were collected during the first 18 weeks of 2020.
During weeks 11-17 therein, France went into a full COVID-19

lockdown, whereas Germany enforced only a partial lockdown. In
both countries, a significant decrease in PWV was observed during
lockdown. However, the observed decrease in France (full lock-
down) was twice as large as that in Germany (partial lockdown).

Discussion

Bruno et al.’s study highlights how connected smart technology en-
ables at-home self-assessment of parameters that are normally meas-
urable only clinically. The connectedness enabled them to collect and
integrate data for scientific purposes—collecting a similar number of
measurements (nearly 5 million) in a clinical setting would be virtually
impossible. Several differences exist between PWV as measured by a
scale and carotid—femoral PWV (Table 7). Three of these differences
are highlighted in the following context.

First, the scale measures PWV along the heart—foot (not carotid—
femoral) trajectory, which means that the more muscular arteries in
the leg are also included. Pulse wave velocity in those distal arteries is
typically higher than in the aorta, causing heart—foot PWYV values to typ-
ically be higher than carotid—femoral values.” To correct for this, the
scale was calibrated (and in the same study subsequently validated)
against a device that measures carotid—femoral PWV.® Note that the
scale’s heart—foot PWV measurements taken in the standing position
were calibrated to match carotid—femoral PWV measurements taken
in the supine position® (also see below). Furthermore, this calibration
was performed in young individuals (mean age 30 years). Besides the
absolute differences between carotid—femoral and heart—foot PWV va-
lues, it is known that, for example, with age, proximal arteries stiffen
more than distal arteries.’® This implies that observed changes in
heart—foot PWV may be of a different magnitude than changes in ca-
rotid—femoral PWYV and, hence, raises the question of which reference
values to use for the scale: the well-established carotid—femoral refer-
ence values'' or reference values based on heart-foot PWV (eg.
Wohlfahrt et al."? after back-conversion to PWV),

Second, carotid—femoral PWV is typically measured in the supine
position, ensuring that there is no hydrostatic blood pressure gradi-
ent along the arterial tree. When PWYV is measured in the standing
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Table 1 Comparison of scale-based and carotid—
femoral pulse wave velocity measurements

Scale-based Carotid-
PWV femoral PWV
Feasibility to run a multi-million Feasible Not feasible
measurement study
Device cost $ $$$
Operator experience needed No Yes
Measurement setting Home Clinic
Arterial segments included in
measurement
Ascending aorta .
Descending thoracic and . o
abdominal aorta
Femoral artery o .
Popliteal, tibial, and foot .
arteries
Measurement position Standing Supine
Measurement complicated in No Yes
obese individuals
Requires exposing femoral No Yes
region
White-coat effect No Yes
Outcome data available No Yes
BP measurement typically No Yes
available for PWV
correction
Gold standard No Yes

BP, blood pressure; PWYV, pulse wave velocity.

position, however, such gradient does exist and may influence the mea-
sured PWV. We observed this during a head-up tilt test: tilting induced
only a modest increase in brachial blood pressure but induced a much
larger increase in PWYV, presumably due to a change in the blood pres-
sure gradient along the arterial bed." This observation is interestingin the
light of a second validation study of the scale,™ which also compared the
scale-derived PVWV to carotid—femoral PWYV but observed scale-derived
PWV to be lower than carotid—femoral PVWV by 0.68 +0.43 m/s (mean
+ standard deviation). A key difference between these validation studies
is the position in which they measured carotid—femoral PWWV (Campo
et al® supine; Collier et al'* standing). Standing up increases (carotid—
femoral) PWV, causing Collier et al. to observe a scale PWV that was
lower than the carotid—femoral PVWV. Note that, if the scale would re-
port a true, physical heart—foot PWV, Collier et al. (whom measured ca-
rotid—femoral and heart—foot PWV’s in identical positions) would likely
have observed the scale’s PVWV values to be higher (not lower) than ca-
rotid-femoral PWV values.”

Third, PWV is known to depend on blood pressure at the time of
measurement.”> When PWV is measured in the clinic, typically, a
blood pressure measurement is also taken, enabling the interpret-
ation of the measured PWV in the context of the current blood pres-
sure, or conversion of PWV into a pressure-corrected metric.'
When PWV is measured at home using a scale, a blood pressure

measurement is typically not available, making it hard to pressure-
correct such home PWV measurement. On a positive note, how-
ever, the blood pressure at which PWV is measured at home is
not influenced by the white-coat effect that commonly occurs during
clinical blood pressure and PWV measurements.'® This implies that
PWYV measured at home may be more representative of the indivi-
dual’s ‘typical’ PWV during daily life and, hence, might correlate bet-
ter with cardiovascular risk, even if uncorrected for blood pressure.

During their study period, Bruno et al® observed an average de-
crease in PWYV during lockdown. This finding is interesting given that,
in general, arterial stiffness increases with age. Although the duration
of ageing during lockdown is very modest herein (only 6 weeks), in a
population of this size, one would expect an average increase in
PWV over time."" The fact that the opposite was observed could be
due to changes in active arterial smooth muscle tone, changing the
functional stiffness of the arteries and, hence, the observed PWV."”
In particular, as elaborated above, the arterial segment assessed by
the scale PWV contains more muscular arteries than the segment as-
sessed by carotid—femoral PWV and, hence, may be more prone to
changes in vascular tone. Another explanation may lie in the change
in blood pressure, which indeed in a subgroup was found to decrease
modestly and would (all else equal) cause a decrease in PWWV." Finally,
there could indeed be some reverse remodelling, causing the arteries
to structurally de-stiffen in response to the new situation (of e.g. a re-
duced blood pressure). Another key observation by Bruno et al. was a
difference in the PWV response to lockdown between France and
Germany, with a bigger response observed in France. Bruno et al.
speculate that this was due to the countries going into full and partial
lockdown, respectively. While this differential PVWV response could in-
deed relate to the lockdown difference and, for example, the difference
in weight trajectories between the different countries, the differences
between the French and German populations may reach beyond what
is measurable with a (smart) scale.

In summary, Bruno et al. present an exciting study on PWV
changes in a vast study population. Although differences exist be-
tween scale-based PWV and the archetypical carotid—femoral
PWYV, provided that these differences are recognized, scale-based
PWYV assessment poses a revolutionary step forward in the field of
arterial stiffness research.

Conflict of interest: None declared.

References
1. Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG, Benjamin EJ, Boutouyrie

P, Cameron |, Chen CH, Cruickshank JK, Hwang §), Lakatta EG, Laurent S,

Maldonado J, Mitchell GF, Najjar SS, Newman AB, Ohishi M, Pannier B, Pereira T,

Vasan RS, Shokawa T, Sutton-Tyrell K, Verbeke F, Wang KL, Webb DJ, Willum

Hansen T, Zoungas S, McEniery CM, Cockceroft JR, Wilkinson IB. Aortic pulse

wave velocity improves cardiovascular event prediction: an individual participant

meta-analysis of prospective observational data from 17,635 subjects. | Am Coll

Cardiol 2014;63:636—646.

Vasan RS, Short M, Niiranen TJ, Xanthakis V, DeCarli C, Cheng S, Seshadri S,

Mitchell GF. Interrelations between arterial stiffness, target organ damage, and car-

diovascular disease outcomes. | Am Heart Assoc 2019;8:e012141.

. Van Bortel LM, Laurent S, Boutouyrie P, Chowienczyk P, Cruickshank JK, De Backer
T, Filipovsky J, Huybrechts S, Mattace-Raso FU, Protogerou AD, Schillaci G, Segers P,
Vermeersch S, Weber T, Society A, European Society of Hypertension Working
Group on Vascular Structure and Function, European Network for Noninvasive
Investigation of Large Arteries. Expert consensus document on the measurement
of aortic stiffness in daily practice using carotid-femoral pulse wave velocity. |
Hypertens 2012;30:445-448.

N

w



Editorial 361

4. Shirai K, Utino J, Otsuka K, Takata M. A novel blood pressure-independent arterial 11. Reference Values for Arterial Stiffness Collaboration. Determinants of pulse wave

wall stiffness parameter; cardio-ankle vascular index (CAVI). | Atheroscler Thromb velocity in healthy people and in the presence of cardiovascular risk factors: ‘estab-
2006;13:101-107. lishing normal and reference values’. Eur Heart | 2010;31:2338-2350.

5. Baulmann J, Schillings U, Rickert S, Uen S, Dusing R, lllyes M, Cziraki A, Nickering G, 12. Wohlfahrt P, Cifkova R, Movsisyan N, Kunzova S, Lesovsky ], Homolka M, Soska V,
Mengden T. A new oscillometric method for assessment of arterial stiffness: comparison Dobsak P, Lopez-Jimenez F, Sochor O. Reference values of cardio-ankle vascular in-
with tonometric and piezo-electronic methods. | Hypertens 2008;26:523-528. dex in a random sample of a white population. | Hypertens 2017;35:2238-2244.

6. Campo D, Khettab H, Yu R, Genain N, Edouard P, Buard N, Boutouyrie P. 13. Pucci G, Spronck B, Avolio AP, Tap L, Vaudo G, Anastasio F, Van Den Meiracker A,
Measurement of aortic pulse wave velocity with a connected bathroom scale. Am Mattace-Raso F. Age-specific acute changes in carotid-femoral pulse wave velocity
J Hypertens 2017;30:876-883. with head-up tilt. Am | Hypertens 2020;33:1112-1118.

7. Pinheiro E, Postolache O, Girao P. Theory and developments in an unobtrusive car- 14. Collier SR, McCraw C, Campany M, Lubkeman A, StClair P, Ji H, Sandberg K, Morgan
diovascular system representation: ballistocardiography. Open Biomed Eng | 2010;4: JW, Smith CJ. Withings body cardio versus gold standards of pulse-wave velocity and
201-216. body composition. | Pers Med 2020;10:17.

8. Bruno R-M, Pépin JL, Empana JP, Yang R-Y, Vercamer V, Jouhaud P, Escourrou P, 15. Spronck B, Delhaas T, Butlin M, Reesink KD, Avolio AP. Options for dealing with
Boutouyrie P. Home monitoring of arterial pulse wave velocity during COVID-19 total pressure dependence of pulse wave velocity as a measure of arterial stiffness: an up-
or partial lockdown using connected smart scales. Eur Heart | Digital Health 2022; in press. date of cardio-ankle vascular Index (CAVI) and CAVIO. Pulse (Basel) 2018;5:106—114.

9. Sugawara |, Hayashi K, Tanaka H. Arterial path length estimation on brachial-ankle 16. Mancia G, Zanchetti A. White-coat hypertension: misnomers, misconceptions and
pulse wave velocity: validity of height-based formulas. | Hypertens 2014;32:881-889. misunderstandings. What should we do next? | Hypertens 1996;14:1049-1052.

10. Avolio AP, Chen SG, Wang RP, Zhang CL, Li MF, O’'Rourke MF. Effects of aging on 17. Pewowaruk R}, Gepner AD. Smooth muscle tone alters arterial stiffness: the import-

changing arterial compliance and left ventricular load in a northern Chinese urban
community. Circulation 1983;68:50-58.

ance of the extracellular matrix to vascular smooth muscle stiffness ratio. | Hypertens
2022;40:512-519.



	Arterial stiffness on a different scale
	Introduction
	Discussion
	References




