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1. Manuscript text

Elevated systolic and diastolic blood pressure (BP) are major risk
factors for cardiovascular events [1,2]. Pulse pressure (PP), the differ-
ence between systolic and diastolic BP, is also a predictor of cardio-
vascular events [3]. Among individuals with established coronary artery
disease, PP is associated with increased risk of cardiovascular outcomes
even after adjusting for systolic or diastolic BP [4]. This association has
been usually explained by the fact that greater PP values reflect
increased stiffness of large arteries, an acknowledged contributor to
atherosclerosis [5].

Previous post-hoc analysis of randomized clinical trials demon-
strated that there is a J-curve between systolic and diastolic BP and
adverse cardiovascular outcomes in patients with cardiovascular dis-
ease, including those with coronary artery disease [6]. For this reason,
current hypertension guidelines recommend that office systolic and
diastolic BP should not be reduced to levels below 120 mmHg and 70
mmHg, respectively, in individuals with high cardiovascular risk [7].
Interestingly, a J-curve association with cardiovascular events was also
reported for PP in high-risk patients, even though the mechanisms un-
derlying this relationship are still uncertain [6].

In this issue of the journal, Nochioka et al. reported the findings of a
retrospective observational study in a large Japanese cohort (n = 8708)
of patients with acute and chronic coronary artery syndrome who were
hospitalized and underwent percutaneous coronary intervention (PCI)
[8]. The researchers evaluated whether changes in PP measured at two
time points (before PCI and at hospital discharge) would have prog-
nostic value and expanded the current knowledge by showing a U-shape
relationship between the incidence rates of major adverse cardiac or
cerebrovascular events and in-hospital PP change, even after adjusting
for several confounders. These findings align with former data showing
that in-hospital systolic BP variability predicted cardiovascular events
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and kidney function decline among 226 patients who underwent elec-
tive PCI for stable coronary artery disease [9]. More importantly, the
work by Nochioka et al. raises the assumption that PP variability and
control during hospitalization might have clinical and prognostic value
for patients undergoing PCI regardless of having acute or chronic cor-
onary artery syndrome. These findings are very interesting and the au-
thors should be praised for their insightful analysis. Nevertheless, some
aspects of the study deserve further comments.

The authors properly suggested that PP change could be a marker of
BP day-to-day BP variability, which is an acknowledged predictor of
cardiovascular outcomes [10,11], therefore providing a potential
explanation for the association between PP change and subsequent
cardiovascular events. However, the mechanisms underlying in-hospital
PP changes were not apparent in their analysis. Previous studies
demonstrated that coronary artery disease patients may experience
either improvement or impairment of left ventricular (LV) function
following PCI [12]. Because decreases in LV function can lead to BP
reductions [7], it is possible that some patients with PP changes might
have experienced variation in LV function throughout hospitalization.
Although the authors adjusted their analyses by LV ejection fraction and
brain natriuretic peptide levels, it was not clear in the protocol when
these measures were performed during the in-hospital period. Addi-
tional information on this topic could be useful to evaluate the exact
influence of LV function on the presented results.

The researchers stated in the Methods Section that BP was measured
according to usual practices before PCI and at discharge, but was not
standardized. This lack of standardization might have also contributed
to generate PP variation. It is acknowledged that BP measured by the
oscillometric and auscultatory methods yields different PP values [13],
while one isolated BP measurement usually overestimates the obtained
BP value due to the white-coat effect when compared with several BP
measurements [7]. In addition, patients with postural hypotension, who
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Editorial

intrinsically have higher risk of future cardiovascular events [7], may
exhibit greater BP levels in supine position than in sitting position [14].
Therefore, differences in the devices used to measure BP, the number of
BP measurements and the position of the patient during BP measure-
ment at each time point could have led to PP variation throughout
hospitalization.

Some relevant limitations of the study were acknowledged by the
authors. First, data on valvular diseases and antihypertensive treatment
during hospitalization, which could be confounders when assessing the
prognostic value of PP, were not available. Second, the retrospective
design limited the ability to establish causality between PP change and
outcomes. Third, the studied sample solely comprised Japanese patients,
raising the supposition that the findings may not be generalizable to
other ethnic populations. Conversely, additional points are worth
mentioning. Although the results demonstrated a robust U-shaped as-
sociation between PP change and cardiovascular outcomes, it is still
uncertain whether this association remained significant after adjusting
for systolic or diastolic BP at discharge or for systolic or diastolic BP
variation during hospitalization. In addition, the incremental value of
in-hospital PP change in predicting cardiovascular events beyond
established prognostic factors [15] and systolic or diastolic BP values
was not evaluated.

Despite the above considerations, the study by Nochioka et al. [8]
deserves to be highlighted because it provides novel evidence that in-
hospital PP variability might have clinical value for patients with
acute and chronic coronary artery syndrome undergoing PCI. New
research is needed to validate these findings and to establish the incre-
mental value of PP change in predicting cardiovascular events beyond
established prognostic factors in this population.

Sources of Funding

The study was supported by the Brazilian National Council for Sci-
entific and Technological Development (CNPq; grant 310869/2021-8
for Dr. Nadruz).

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] S. Lewington, R. Clarke, N. Qizilbash, R. Peto, R. Collins, Prospective Studies
Collaboration. Age-specific relevance of usual blood pressure to vascular mortality:
a meta-analysis of individual data for one million adults in 61 prospective studies,
Lancet 360 (9349) (2002) 1903-1913.

[2] W. Nadruz Jr, B. Claggett, M. Henglin, A.M. Shah, H. Skali, W.D. Rosamond, A.
R. Folsom, S.D. Solomon, S. Cheng, Widening racial differences in risks for coro-
nary heart disease, Circulation 137 (11) (2018) 1195-1197.

[3] A.M. Dart, B.A. Kingwell, Pulse pressure-a review of mechanisms and clinical
relevance, J. Am. Coll. Cardiol. 37 (4) (2001) 975-984.

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

1JC Heart & Vasculature 53 (2024) 101445

S. Bangalore, F.H. Messerli, S.S. Franklin, G. Mancia, A. Champion, C.J. Pepine,
Pulse pressure and risk of cardiovascular outcomes in patients with hypertension
and coronary artery disease: an INternational VErapamil SR-trandolapril STudy
(INVEST) analysis, Eur. Heart J. 30 (11) (2009) 1395-1401.

A. Hooglugt, O. Klatt, S. Huveneers, Vascular stiffening and endothelial dysfunc-
tion in atherosclerosis, Curr. Opin. Lipidol. 33 (6) (2022) 353-363.

M. Bohm, H. Schumacher, K.K. Teo, E. Lonn, F. Mahfoud, J.F.E. Mann, G. Mancia,
J. Redon, R. Schmieder, M. Weber, K. Sliwa, B. Williams, S. Yusuf, Achieved dia-
stolic blood pressure and pulse pressure at target systolic blood pressure (120-140
mmHg) and cardiovascular outcomes in high-risk patients: results from ONTAR-
GET and TRANSCEND trials, Eur. Heart J. 39 (33) (2018) 3105-3114.

G. Mancia, R. Kreutz, M. Brunstrom, M. Burnier, G. Grassi, A. Januszewicz, M.

L. Muiesan, K. Tsioufis, E. Agabiti-Rosei, E.A.E. Algharably, M. Azizi, A. Benetos,
C. Borghi, J.B. Hitij, R. Cifkova, A. Coca, V. Cornelissen, J.K. Cruickshank, P.

G. Cunha, A.H.J. Danser, R.M. Pinho, C. Delles, A.F. Dominiczak, M. Dorobantu,
M. Doumas, M.S. Fernandez-Alfonso, J.M. Halimi, Z. Jarai, B. Jelakovi¢, J. Jordan,
T. Kuznetsova, S. Laurent, D. Lovic, E. Lurbe, F. Mahfoud, A. Manolis, M. Miglinas,
K. Narkiewicz, T. Niiranen, P. Palatini, G. Parati, A. Pathak, A. Persu, J. Polonia,
J. Redon, P. Sarafidis, R. Schmieder, B. Spronck, S. Stabouli, G. Stergiou, S. Taddei,
C. Thomopoulos, M. Tomaszewski, P. Van de Borne, C. Wanner, T. Weber,

B. Williams, Z.Y. Zhang, S.E. Kjeldsen, 2023 ESH guidelines for the management of
arterial hypertension The Task Force for the management of arterial hypertension
of the European Society of Hypertension: endorsed by the International Society of
Hypertension (ISH) and the European Renal Association (ERA), J. Hypertens. 41
(12) (2023) 1874-2071.

Nochioka K, Nakayama M, Akashi N, Matoba T, Kohro T, Oba Y, Kabutoya T, Imai
Y, Kario K, Kiyosue A, Mizuno Y, Iwai T, Miyamoto Y, Ishii M, Nakamura T, Tsujita
K, Sato H, Fujita H, Nagai R. . Change in Pulse Pressure and Cardiovascular Out-
comes After Percutaneous Coronary Intervention: the CLIDAS study, Int. J. Cardiol.
Heart Vasc. (2024) (in press).

K. Saito, Y. Saito, H. Kitahara, T. Nakayama, Y. Fujimoto, Y. Kobayashi, In-hospital
blood pressure variability: a novel prognostic marker of renal function decline and
cardiovascular events in patients with coronary artery disease, Kidney Blood Press.
Res. 45 (2020) 748-757.

G. Parati, C. Torlasco, M. Pengo, G. Bilo, J.E. Ochoa, Blood pressure variability: its
relevance for cardiovascular homeostasis and cardiovascular diseases, Hypertens.
Res. 43 (7) (2020) 609-620.

E. Kodani, H. Inoue, H. Atarashi, K. Okumura, S. Suzuki, T. Yamashita, H. Origasa,
J-RHYTHM registry investigators. predictive ability of visit-to-visit blood pressure
indices for adverse events in patients with non-valvular atrial fibrillation: sub-
analysis of the J-RHYTHM registry, Int. J. Cardiol. Heart Vasc. 6 (46) (2023)
101216.

F. Saia, F. Grigioni, A. Marzocchi, A. Branzi, Management of acute left ventricular
dysfunction after primary percutaneous coronary intervention for ST elevation
acute myocardial infarction, Am. Heart J. 160 (6 Suppl) (2010) S16-S21.

J. Landgraf, S.H. Wishner, R.A. Kloner, Comparison of automated oscillometric
versus auscultatory blood pressure measurement, Am. J. Cardiol. 106 (3) (2010)
386-388.

O. Gorelik, N. Cohen, Seated postural hypotension, J. Am. Soc. Hypertens. 9 (12)
(2015) 985-992.

0. Kobo, Y. Levi, R. Abu-Fanne, C. Von Birgelen, A. Guédes, A. Aminian,

P. Laanmets, W. Dewilde, A. Witkowski, J. Monsegu, A. Romo Iniguez, M. Halabi,
M.A. Mamas, A. Roguin, Impact of the number of modifiable risk factors on clinical
outcomes after percutaneous coronary intervention: an analysis from the e-Ulti-
master registry, Int. J. Cardiol. Heart Vasc. 26 (51) (2024) 101370.

Wilson Nadruz
Department of Internal Medicine, School of Medical Sciences, State
University of Campinas, SP, Brazil

* Address: Departamento de Clinica Médica, Faculdade de Ciéncias
Médicas, Universidade Estadual de Campinas, Cidade Universitaria
“Zeferino Vaz”, 13081-970 Campinas, SP, Brazil.

E-mail address: wilnj@fcm.unicamp.br.


http://refhub.elsevier.com/S2352-9067(24)00111-8/h0005
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0005
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0005
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0005
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0010
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0010
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0010
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0015
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0015
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0020
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0020
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0020
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0020
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0025
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0025
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0030
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0030
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0030
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0030
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0030
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0035
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0045
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0045
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0045
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0045
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0050
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0050
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0050
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0055
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0055
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0055
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0055
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0055
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0060
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0060
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0060
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0065
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0065
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0065
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0070
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0070
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0075
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0075
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0075
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0075
http://refhub.elsevier.com/S2352-9067(24)00111-8/h0075
mailto:wilnj@fcm.unicamp.br

	In-hospital pulse pressure variability: A novel marker of cardiovascular risk among patients with coronary artery disease u ...
	1 Manuscript text
	Sources of Funding
	Declaration of competing interest
	References


