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Blood pressure (BP) traditionally has been measured in 
terms of peak (systolic) and trough (diastolic) values, 

with systolic BP being preferred compared with diastolic 
BP because of its stronger prognostic value for cardiovas-
cular morbidity and mortality.1 However, a more physiologi-
cally appropriate view considers the BP waveform as being 
composed of a steady component (mean arterial pressure) on 
which cyclic oscillations, with amplitude represented by pulse 
pressure (PP), are superimposed. PP reflects large artery stiff-
ness as well as several other cardiovascular parameters, includ-
ing timing and magnitude of reflected waves, stroke volume, 
and rapidity of ventricular ejection. PP is a better predictor 
of cardiovascular complications compared with mean arterial 
pressure in elderly individuals.2 In the 2013 European Society 
of Hypertension/European Society of Cardiology guidelines, 
an office PP ≥60 mm Hg was included among the markers of 
asymptomatic organ damage to be used for cardiovascular risk 
stratification,3 although the above cutoff value does not seem 
to be supported by any specific reference.

Despite a large body of literature, there is still contro-
versy regarding the incremental value of PP as an indepen-
dent cardiovascular risk factor. Also, PP measurement in the 
physician’s office may overestimate usual PP levels in the 
single individual, because office BP measurement is usually 
accompanied by a greater rise in systolic than in diastolic 
BP.4 Twenty-four-hour PP is considered a more accurate mea-
sure of an individual’s usual PP and a stronger predictor of 
cardiovascular risk,5 although its prognostic value has been 
examined in a relatively few studies with a limited number of 
events.5–9

In the current issue of Hypertension, Gu et al10 shed new 
light on the role of PP in cardiovascular risk stratification. A 
total of 9938 individuals aged between 18 and 93 years drawn 
from 11 randomly recruited population cohorts from 3 con-
tinents were followed up for an average of 11.5 years. The 
primary outcome was a composite cardiovascular end point 

that included stroke, myocardial infarction, heart failure and 
cardiovascular death, although other relevant events were also 
taken into account (all-cause and cardiovascular mortality, as 
well as stroke and cardiac events taken separately). The long 
follow-up, the large number of events, the inclusion of several 
population-based cohorts from different countries, and the use 
of 24-hour ambulatory BP monitoring are among the strong 
points of the article.

Given that previous evidence suggested that the relative 
prognostic importance of the different BP components may 
differ by age,2 the authors chose to analyze separately the 
6028 individuals below and the 3910 individuals above the 
age of 60 years. Not unexpectedly, the relatively low num-
ber of events in the younger cohort limited the precision of 
the estimates in this age group. Also, the authors compared 
the risk of each tenth of the PP distribution with the average 
risk, instead of comparing it with a given healthy or refer-
ence group. Although this rather conservative approach may 
reduce the chances to demonstrate a difference, it also pro-
vides less arbitrary findings, avoids an artifactual inflation of 
the hazard ratio estimate, and accounts appropriately for the 
observed nonlinearity of the relation between 24-hour PP and 
end points.

A comprehensive set of analyses can be summarized along 
the following lines:

1.	Both among younger and older participants, individuals 
in the highest tenth of the 24-hour PP distribution had a 
significantly higher-than-average cardiovascular risk in 
multivariable-adjusted models, which also took into ac-
count the effects of 24-hour mean arterial pressure. The 
prognostically adverse thresholds of the top tenth of 24-
hour PP distribution were >56 mm Hg in the younger and 
>69 mm Hg in the older group. A high 24-hour PP also 
predicted cardiac events in the younger group, as well as 
all-cause and cardiovascular mortality, stroke, and cardi-
ac events in the older group. Of note, in the latter group, 
24-hour mean arterial pressure independently predicted 
cardiovascular events and stroke, but not cardiac events 
or mortality.

2.	The additional prognostic contribution of 24-hour PP 
over and above that provided by traditional risk factors 
was relatively weak, although significant. The increase 
in the coefficient of determination, representing the pro-
portion of total variation of outcomes explained by the 
model, never exceeded 0.3% in the different models.

3.	When 24-hour PP and systolic BP were included in 
the same model (see Table S5 in the online-only Data 
Supplement of that article), both predicted a higher car-
diovascular morbidity in the participants aged >60 years. 
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Despite the obvious multicollinearity problems resulting 
from such analyses, the data suggest that both systolic 
BP and PP over 24 hours may be prognostically relevant 
in the elderly participants. Unfortunately, excess risk was 
expressed differently for PP (risk in the top tenth relative 
to the average risk in the whole population) and for other 
BP components (risk associated with 1 SD increase of 
the variable). This makes it difficult to directly compare 
the prognostic strength of the different BP measures.

4.	The consistency of the above results was confirmed in 
several sensitivity analyses, which took into account eth-
nicity, sex, presence or absence of hypertension, and use 
or nonuse of antihypertensive drugs, as well as daytime 
and nighttime PP.

The study also provides an answer to the question of 
whether the various 24-hour BP components have a different 
impacts on cardiac versus cerebrovascular morbid events. In 
a previous cohort of 2311 hypertensive subjects,7 24-hour PP 
was the dominant predictor of cardiac events, whereas mean 
arterial pressure was the strongest predictor of cerebrovascular 
events. Similarly, in the Ohasama study, 24-hour mean arterial 
pressure was better than 24-hour PP in predicting stroke.9 The 
study extends the above findings to a larger general population. 
Above the age of 60 years, stroke (n=402 events) was predicted 
by 24-hour mean arterial pressure (hazard ratio, 1.39 for each 
SD; 95% confidence interval [CI], 1.23–1.58; P<0.0001) at 
least as well as by PP (hazard ratio, 1.40 for the top tenth rela-
tive to the average risk; 95% CI, 1.04–1.89; P≤0.05). However, 
cardiac events (n=505) were independently predicted by a high 
24-hour PP (hazard ratio, 1.69 for the top tenth relative to the 
average risk; 95% CI, 1.33–2.15; P<0.0001), not by mean arte-
rial pressure. Also, total and cardiovascular mortality were pre-
dicted by pulse, not mean, pressure. Similarly, when 24-hour 
systolic BP and PP were both included as explanatory variables 
in the same model in the older group, systolic BP predicted 
stroke, whereas PP predicted cardiac events (see Table S5 in 
that article). By and large, these results are in line with those of 
observational studies based on office BP, in which PP was less 
useful in predicting long-term stroke risk compared with either 
mean or systolic BP.11,12 This may not be an unexpected finding 
if one considers that a wide PP might reflect diffuse atheroscle-
rotic processes potentially involving the large coronary arteries 
as well, whereas the small penetrating end-arteries that sup-
ply the medial and basal portions of brain and brain stem may 
be particularly vulnerable to the adverse effects of steady BP 
components (mean and systolic BP) because they arise directly 
from the main arterial trunks.

Besides the limitations inherent in nonexperimental obser-
vational studies,13 probably the main shortcoming of the article 
is that it does not provide an answer to the controversial issue 
of whether PP has a different prognostic impact in the young 
adult versus the elderly group. The number of events in the 
young group was relatively low, especially when considering 
specific outcomes—67 cardiovascular deaths, 63 strokes, 153 
cardiac events. More importantly, the average age of individu-
als in the young group who will have an event was relatively 
high. Only 4 cardiovascular deaths and 11 cardiovascular 
events were observed in the subjects aged <50 years at enroll-
ment; corresponding figures for those <55 years were 11 and 

36, respectively. Because most of the events in the young 
cohort were reported in subjects who entered the study at >55 
years and were followed for >10 years, we cannot derive from 
this study reliable information on whether PP in the young (ie, 
below the age of 50 as suggested in the Framingham study)2 is 
less harmful than in older subjects.

In summary, the study by Gu et al10 convincingly demon-
strates that an elevated PP over 24 hours, namely >56 mm Hg 
and >69 mm Hg in individuals below and above the age of 
60 years respectively, is an independent predictor of cardio-
vascular risk in the general population. Do these data support 
the use of 24-hour PP as an additional tool for cardiovascular 
risk stratification? Although compelling, the study results are 
also somewhat contrasting. The “glass half full” side is that 
24-hour PP provides independent prognostic information, at 
least in the elderly group. This is particularly true for cardiac 
events, whereas its predictive value for stroke is not superior 
or even lower than that of other BP components. The “glass 
half empty” side is that the incremental prognostic informa-
tion provided by PP is small, with a contribution <0.3% to 
the coefficient of determination. Although clinical trials and 
observational studies remain the mainstay for establishing 
the clinical role of PP, future research should also focus on 
the pathophysiological determinants of PP in different age 
groups. Since arterial properties change continuously during 
the cardiac cycle, PP can be considered as the expression of 
the progressive increase in stiffness which is observed from 
diastolic to systolic pressure values.14 It is hoped that appro-
priate modeling may add further insight into the relation of 
arterial properties with PP and its clinical consequences.
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