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Tonhajzerova et al. [1] published a review paper in the International Journal of Molecular Sciences
in which they evaluated atherosclerosis and other pathophysiological mechanisms involved in
cardiovascular disease (CVD) in patients with human papillomavirus (HPV). The paper explored new
biomarkers that could be used for affected individuals. They mentioned the cardio-ankle vascular
index (CAVI), proposed by Shirai et al. [2] in 2006, as a method that can be used to assess the overall
stiffness of arteries and provide information about the status of atherosclerosis in patients (Equation (1)).
Although CAVI can be a proper stiffness index from the origin of the aorta to the ankle, there are some
points that should be considered before using this index (and the indices associated with CAVI) in
clinical practice.

CAVI0 (Equation (2)) is the mathematically corrected formula that has been derived from the
CAVI formula. Spronck et al. [3] claimed that this marker is less dependent on blood pressure changes
in the patient. In another article that was recently published, they also provided another tool to easily
convert CAVI into CAVI0 values [4]. It is worth noting that CAVI0 has been doubted by the developer
of CAVI because it has some flaws and cannot provide accurate measurements of arterial stiffness.

CAVI = a {(2ρ/∆P) × ln (Ps/Pd) PWV2} + b (1)

CAVI0=2ρ × (PWV2/Pd) − ln (Pd/P0) (2)

where PWV: pulse wave velocity of the arterial tree from the origin of the aorta to the ankle; Ps: systolic
blood pressure; Pd: diastolic blood pressure; ρ: blood density; ∆ P: Ps – Pd; a, b: coefficients; P0:
reference pressure (100 mmHg).

The use of CAVI0 was proposed by Spronck et al. [3] in 2017. They used data from 497 subjects
to modify the original CAVI formula (by Shirai et al. [2]). There are some fundamental differences
between CAVI and CAVI0. Unlike CAVI, which uses Pd and Ps in its formula, in calculating CAVI0,
only Pd, not Ps, is used. Another difference between CAVI and CAVI0 is the use of P0 in the formula
of CAVI0. Although Spronck et al. [3] claimed that the new formula of CAVI0 is independent of
blood pressure, in a large study on 5293 individuals, Shirai et al. [5] recently showed that CAVI0 is
not accurate because of its strong dependency on Pd. Another reason that CAVI0 provides equivocal
results is that Spronck et al. [3] did not take into account the physiological properties of individuals,
such as their body mass index (BMI). BMI has been shown to be inversely associated with CAVI [6,7].
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It is also interesting to know that the information about CAVI has been recently updated. Takahashi
et al. [8] showed that the CAVI without the coefficients (coefficients a and b in Equation (1)) is also
a valid index of arterial stiffness (Equation (3)). CAVI without coefficients a and b is parameter β,
which is referred to as haβ (heart to ankle beta). Takahashi et al. [8] also revealed the coefficient “a”
and “b” values that are being used in the CAVI calculation (Table 1). A review of this information
raised some interesting discussion about the validity and use of the CAVI index. A study that aimed to
simulate the influence of adjusting the coefficients in the equation of CAVI by Ato D. [9] suggested that
the developers of CAVI fix these coefficients or terminate the use of CAVI. The reason is that those
coefficients are dependent on the level of haβ (Table 1), and CAVI underestimates the original value
of parameter β (haβ) that is used in the CAVI formula. Because the CAVI concept is driven by haβ
(Equation (4)), it might cause inaccuracy in the calculation of the CAVI values.

haβ = (2ρ/∆P) × ln (Ps/Pd) haPWV2 (3)

CAVI= a haβ + b (4)

where haPWV: heart-ankle PWV.

Table 1. The values of coefficients a and b in the cardio-ankle vascular index (CAVI) formula [8].

haβ < 7.34875 7.34875 ≤ haβ < 10.30372 10.30372 ≤ haβ

Coefficient a 0.85 0.658 0.432

Coefficient b 0.695 2.103 4.41

As there are many concerns about using CAVI and CAVI0, we can say that PWV and parameter
β can be considered as more reliable indices. As Tonhajzerova et al. [1] mentioned, PWV can still
be considered an important risk marker, but given the fact that PWV and parameter β only include
the more elastic aortic arterial wall and do not include the more muscular arm and leg arterial beds,
researchers consider the use of more wholistic indices such as haPWV or haβ instead of PWV and
parameter β, especially in older and high-risk patients, as muscular arteries are more likely to be
affected by atherosclerosis after the proximal elastic arteries are affected [10]. The use of PWV and
parameter β might yield similar results to haPWV and haβ in younger individuals.

Blood pressure is dependent on arterial stiffness (as a result of both structural and functional
mechanisms) and arterial stiffness can be accelerated in the presence of hypertension [11]. Considering
these facts, it is important to know which factors influence CAVI as an index of arterial stiffness.
A recent study by Kamon et al. [11] showed that the blood pressure (BP) category was only associated
with high CAVI in males, not females. This further emphasizes the role of sex along with age, diabetes
and obesity in the management of hypertension.
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CVD Cardiovascular Disease
HPV Human Papillomavirus
CAVI Cardio-Ankle Vascular Index
BMI Body Mass Index
Ps Systolic Blood Pressure
Pd Diastolic Blood Pressure
PWV Pulse Wave Velocity
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haPWV Heart-Ankle PWV
haβ Heart-Ankle Parameter β

References

1. Tonhajzerova, I.; Olexova, L.B.; Jurko, A.; Spronck, B.; Jurko, T.; Sekaninova, N.; Visnovcova, Z.; Mestanikova,
A.; Kudela, E.; Mestanik, M. Novel biomarkers of early atherosclerotic changes for personalised prevention
of cardiovascular disease in cervical cancer and human papillomavirus infection. Int. J. Mol. Sci. 2019, 20,
3720. [CrossRef] [PubMed]

2. Shirai, K.; Utino, J.; Otsuka, K.; Takata, M. A novel blood pressure-independent arterial wall stiffness
parameter; cardio-ankle vascular index (CAVI). J. Atheroscler. Thromb. 2006, 13, 101–107. [CrossRef] [PubMed]

3. Spronck, B.; Mestanik, M.; Tonhajzerova, I.; Jurko, A.; Jurko, T.; Avolio, A.P.; Butlin, M. Direct means
of obtaining CAVI0-a corrected cardio-ankle vascular stiffness index (CAVI)-from conventional CAVI
measurements or their underlying variables. Physiol. Meas. 2017, 38, N128–N137. [CrossRef] [PubMed]

4. Spronck, B.; Mestanik, M.; Tonhajzerova, I.; Jurko, A.; Tan, I.; Butlin, M.; Avolio, A.P. Easy conversion of
cardio-ankle vascular index into CAVI0: Influence of scale coefficients. J. Hypertens. 2019, 37, 1913–1914.
[CrossRef] [PubMed]

5. Shirai, K.; Suzuki, K.; Tsuda, S.; Shimizu, K.; Takata, M.; Yamamoto, T.; Maruyama, M.; Takahashi, K.
Comparison of cardio-ankle vascular index (CAVI) and CAVI(0) in large healthy and hypertensive populations.
J. Atheroscler. Thromb. 2019, 26, 603–615. [CrossRef] [PubMed]

6. Alizargar, J.; Bai, C.-H.; Hsieh, N.-C.; Wu, S.-F.V.; Weng, S.-Y.; Wu, J.-P. Association of kidney function tests
with a cardio-ankle vascular index in community-dwelling individuals with a normal or mildly decreased
estimated glomerular filtration rate. Medicina 2019, 55, 657. [CrossRef] [PubMed]

7. Nagayama, D.; Imamura, H.; Sato, Y.; Yamaguchi, T.; Ban, N.; Kawana, H.; Ohira, M.; Saiki, A.; Shirai, K.;
Tatsuno, I. Inverse relationship of cardioankle vascular index with BMI in healthy Japanese subjects:
A cross-sectional study. Vasc. Health Risk Manag. 2016, 13, 1–9. [CrossRef] [PubMed]

8. Takahashi, K.; Yamamoto, T.; Tsuda, S.; Okabe, F.; Shimose, T.; Tsuji, Y.; Suzuki, K.; Otsuka, K.; Takata, M.;
Shimizu, K.; et al. Coefficients in the CAVI equation and the comparison between CAVI with and without
the coefficients using clinical data. J. Atheroscler. Thromb. 2019, 26, 465–475. [CrossRef] [PubMed]

9. Ato, D. Evaluation of the calculation formulas of the cardio-ankle vascular index used in the Japanese
apparatus. Vasc. Health Risk Manag. 2019, 15, 395–398. [CrossRef] [PubMed]

10. Arnett, D.K.; Evans, G.W.; Riley, W.A.J.A.j.o.e. Arterial stiffness: A new cardiovascular risk factor? Am. J.
Epidemiol. 1994, 140, 669–682. [CrossRef] [PubMed]

11. Kamon, T.; Kaneko, H.; Itoh, H.; Kiriyama, H.; Mizuno, Y.; Morita, H.; Yamamichi, N.; Komuro, I.
Gender-specific association between the blood pressure category according to the updated ACC/AHA
guidelines for hypertension and cardio-ankle vascular index: A community-based cohort study. J. Cardiol.
2019. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/ijms20153720
http://www.ncbi.nlm.nih.gov/pubmed/31366035
http://dx.doi.org/10.5551/jat.13.101
http://www.ncbi.nlm.nih.gov/pubmed/16733298
http://dx.doi.org/10.1088/1361-6579/aa8981
http://www.ncbi.nlm.nih.gov/pubmed/28857749
http://dx.doi.org/10.1097/HJH.0000000000002166
http://www.ncbi.nlm.nih.gov/pubmed/31116157
http://dx.doi.org/10.5551/jat.48314
http://www.ncbi.nlm.nih.gov/pubmed/31068504
http://dx.doi.org/10.3390/medicina55100657
http://www.ncbi.nlm.nih.gov/pubmed/31569560
http://dx.doi.org/10.2147/VHRM.S119646
http://www.ncbi.nlm.nih.gov/pubmed/28053538
http://dx.doi.org/10.5551/jat.44834
http://www.ncbi.nlm.nih.gov/pubmed/30518727
http://dx.doi.org/10.2147/VHRM.S215709
http://www.ncbi.nlm.nih.gov/pubmed/31686831
http://dx.doi.org/10.1093/oxfordjournals.aje.a117315
http://www.ncbi.nlm.nih.gov/pubmed/7942769
http://dx.doi.org/10.1016/j.jjcc.2019.10.007
http://www.ncbi.nlm.nih.gov/pubmed/31874723
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

