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Among risk factors, the 24-hour blood pressure (BP) level 
is an important predictor of cardiovascular morbidity and 

mortality.1 However, several experts in the field of ambulatory 

BP monitoring proposed BP load as a more accurate predictor of 
outcome than the ambulatory BP level.2–4 BP load is the propor-
tion of BP readings above set thresholds, indicating ambulatory 

See Editorial Commentary, pp 913–914

Abstract—Experts proposed blood pressure (BP) load derived from 24-hour ambulatory BP recordings as a more accurate 
predictor of outcome than level, in particular in normotensive people. We analyzed 8711 subjects (mean age, 54.8 
years; 47.0% women) randomly recruited from 10 populations. We expressed BP load as percentage (%) of systolic/
diastolic readings ≥135/≥85 mm Hg and ≥120/≥70 mm Hg during day and night, respectively, or as the area under 
the BP curve (mm Hg×h) using the same ceiling values. During a period of 10.7 years (median), 1284 participants 
died and 1109 experienced a fatal or nonfatal cardiovascular end point. In multivariable-adjusted models, the risk of 
cardiovascular complications gradually increased across deciles of BP level and load (P<0.001), but BP load did not 
substantially refine risk prediction based on 24-hour systolic or diastolic BP level (generalized R2 statistic ≤0.294%; 
net reclassification improvement ≤0.28%; integrated discrimination improvement ≤0.001%). Systolic/diastolic BP load 
of 40.0/42.3% or 91.8/73.6 mm Hg×h conferred a 10-year risk of a composite cardiovascular end point similar to a 
24-hour systolic/diastolic BP of 130/80 mm Hg. In analyses dichotomized according to these thresholds, increased BP 
load did not refine risk prediction in the whole study population (R2≤0.051) or in untreated participants with 24-hour 
ambulatory normotension (R2≤0.034). In conclusion, BP load does not improve risk stratification based on 24-hour BP 
level. This also applies to subjects with normal 24-hour BP for whom BP load was proposed to be particularly useful in 
risk stratification.   (Hypertension. 2014;63:925-933.) • Online Data Supplement
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hypertension or the area under the curve delineated by BP values 
and ceiling values for daytime, nighttime, or 24-hour ambulatory 
BPs.4 Previous studies suggested that BP load compared with 
BP level was closer associated with signs of target organ dam-
age,4–8 such as left ventricular mass5–7 or microalbuminuria.8

Most studies promoting BP load as risk stratification factor 
were small, included only selected patients, or had a cross-
sectional design.5–8 Several reports supporting risk stratifica-
tion based on BP load did not account for the high degree 
of collinearity between the 24-hour BP level and load.5,6,8,9 
Notwithstanding these limitations, most manufacturers of 
ambulatory monitors currently implement BP load in their anal-
ysis software, making it an integral part of a patient’s ambula-
tory BP report. In the present study, we investigated whether BP 
load refines risk stratification over and beyond the 24-hour BP 
level. We analyzed the International Database on Ambulatory 
BP in relation to Cardiovascular Outcomes while carefully 
addressing the problem of collinearity between level and load.

Methods
Study Population
As described in detail elsewhere,10,11 we constructed the International 
Database on Ambulatory BP in relation to Cardiovascular Outcomes, 
which at the time of writing of this report included 11 785 participants 
enrolled in 11 prospective population studies. All studies received 
ethical approval and adhered to the principles of the Declaration of 
Helsinki, and participants gave informed written consent. Details on 
the sampling frame for each cohort are shown in Table S1 in the online-
only Data Supplement. For the present analysis, we selected studies in 
which all the necessary data including ambulatory BP, biochemical 
measurements, and outcome data were available, leaving 10 cohorts 
(details and references provided in the online-only Data Supplement) 
and 10 805 subjects for possible analysis. As in previous analyses,11 
we excluded 2094 participants because they were <18 years (n=250), 
their nighttime BP has not been recorded (n=1354), or their ambula-
tory BP recordings did not comply with predefined quality standards10 
and included <10 daytime or 5 nighttime readings (n=490).10 Thus, 
the number of subjects included in the present analysis totaled 8711.

BP Measurement
We programmed portable monitors to obtain ambulatory BP readings 
at 30-minute intervals throughout the whole day or at intervals ranging 
from 15 to 30 minutes during daytime and from 20 to 45 minutes at 
night. The detailed information on the time intervals between readings 
and the numbers of programmed and recorded readings in each cohort 
is shown in Table S2. According to our predefined criteria,10 recordings 
with <10 daytime readings or <5 nighttime readings were not considered 
for analysis. For detailed methods used for conventional and ambulatory 
BP measurement, see Expanded Methods available in the online-only 
Data Supplement. Hypertension was a conventional BP of ≥140 mm Hg 
systolic or 90 mm Hg diastolic or the use of antihypertensive drugs.12

In our main analyses, we defined daytime as the interval ranging from 
0800 to 2200 hours in people from Europe and South America and from 
0600 to 2000 hours in Asian participants. The corresponding nighttime 
intervals ranged from 2200 to 0800 hours and from 2000 to 0600 hours, 
respectively. BP load was either the percentage of BP values reaching or 
exceeding 135 mm Hg systolic or 85 mm Hg diastolic12 during daytime or 
120 mm Hg systolic or 70 mm Hg diastolic during nighttime, or the area 
under the BP curve, using the same ceiling levels for systolic and diastolic 
BPs (Figure S1).4 Time intervals and thresholds used in sensitivity analy-
ses appear in the Expanded Methods in the online-only Data Supplement.

Other Baseline Measurements
For the details of other baseline measurements, including body mass 
index, serum cholesterol, blood glucose, questionnaire survey on 

smoking and drinking habits, and the definition of diabetes mellitus, 
see Expanded Methods in the online-only Data Supplement.

Ascertainment of Events
We ascertained vital status and the incidence of fatal and nonfatal dis-
eases from the appropriate sources in each country as described in pre-
vious publications10,11 and in the Expanded Methods in the online-only 
Data Supplement. In analyses of fatal combined with nonfatal out-
comes, we only considered the first event within each disease cluster.

Statistical Analysis
For database management and statistical analysis, we used the 
Statistical Analysis System software, version 9.3 (SAS Institute, Cary, 
NC). For the methods applied for normality test and comparisons of 
means and proportions, see Expanded Methods in the online-only Data 
Supplement. In exploratory analyses, we plotted incidence rates by 
quartiles of the distributions of BP level and load while standardizing 
by the direct method for center, sex, and age (≤40, 40–60, and ≥60 
years).13 We computed hazard ratios (HRs) for BP level and load, which 
express the risk for a 1-decile increase in the explanatory variable. We 
also plotted the 10-year risk of all-cause mortality and cardiovascular 
events across deciles of the 24-hour BP level and load. HRs and the 
10-year risk estimates were adjusted for sex, age, body mass index, 
smoking and drinking status, antihypertensive drug intake, total cho-
lesterol, history of cardiovascular complications, and diabetes mellitus. 
In Cox regression, we accounted for cohort as a random effect using 
the RANDOM statement as implemented in the Statistical Analysis 
System 9.3 PROC PHREG procedure. To account for cohort, we also 
pooled participants recruited in the context of the European Project on 
Genes in Hypertension (Kraków, Novosibirsk, Padova, and Pilsen).

In the next step of the analysis, we added BP load to Cox mod-
els already including the 24-hour BP and other covariables. We 
tested whether load improved risk stratification by performing the 
log likelihood ratio test and computing the generalized R2 statistic,14 
the net reclassification improvement,15 and the integrated discrimi-
nation improvement.15 In the final part of our analyses, we deter-
mined outcome-driven thresholds for BP load (details provided in the 
Expanded Methods in the online-only Data Supplement). We used 
Kaplan–Meier survival function estimates and the log-rank test to 
compare incidence rates and multivariable-adjusted Cox models with 
a class variable (0, 1) coding for increased load.

Results
Baseline Characteristics
The study population consisted of 5396 Europeans (61.9%), 
1877 Asians (21.6%), and 1438 South Americans (16.5%). Of 
the 8711 participants, 4096 were women (47.0%). Age aver-
aged (±SD) 54.8±15.1 years. The prevalence of hypertension 
was 44.1% on conventional BP measurement and 44.6% on 
24-hour ambulatory monitoring. At enrolment, 2491 par-
ticipants (28.6%) were smokers and 4126 (47.4%) reported 
intake of alcohol. Figures S2 and S3 show the distributions 
of the levels and loads derived from the 24-hour systolic and 
diastolic BPs, respectively. There was a close correlation 
(P<0.001) between level and load for systolic (r≥0.91), as 
well as diastolic (r≥0.88), ambulatory BP measurements.

Table 1 shows the baseline characteristics of the participants 
by quartiles of the systolic BP load expressed in percentage. Most 
risk factors, including male sex, age, 24-hour systolic BP, body 
mass index, blood glucose, serum cholesterol, and drinking alco-
hol, increased (P≤0.0076) with higher category of BP load.

Incidence of Events
In the overall study population, median follow-up was 10.7 
years (5th–95th percentile interval, 2.5–15.4 years). During 
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87 203 person-years of follow-up, 1284 participants died (14.7 
per 1000 person-years) and 1109 experienced a fatal or non-
fatal cardiovascular event (13.2 per 1000 person-years). The 
online-only Data Supplement provides information on the 
overall and cause-specific number of fatal and nonfatal events.

We plotted event rates standardized for center, sex, and 
age groups across quartiles of the 24-hour BP level and load 
expressed as percentage or area under the curve. Total and car-
diovascular mortality and incidence of fatal combined with 
nonfatal cardiovascular events increased with higher 24-hour 
systolic level and load (Figure 1). The P values for linear trend 
were significant (P<0.001) with exception of that for noncar-
diovascular mortality (P≥0.65). Findings for the 24-hour dia-
stolic level and load were similar (Figure S4).

Risk Associated With 1-Decile Increase in Level  
or Load
Systolic BP
In multivariable-adjusted Cox models, not including BP 
load (Table 2), the 24-hour systolic BP predicted (P≤0.001) 
total and cardiovascular mortality and all fatal combined 
with nonfatal cardiovascular events but not noncardiovas-
cular mortality (P=0.46). A 1-decile increase in the level of 
the 24-hour systolic BP conferred a risk increase ranging 
from 5% (all-cause mortality; P=0.0002) to 19% (stroke; 
P<0.0001). Findings were similar for the 24-hour systolic BP 

load expressed as percentage or area under the curve. Figure 2 
illustrates this observation for the composite cardiovascu-
lar end point. However, when 24-hour systolic BP load was 
added to multivariable-adjusted models that already included 
the 24-hour systolic BP level (Table 2), load expressed as per-
centage only predicted the composite cardiovascular end point 
(HR for a 1-decile increase, 1.10; P=0.027; R2, 0.056%) and 
cardiac events (HR, 1.13; P=0.039; R2, 0.049%). Systolic load 
expressed as area under the curve independently predicted the 
composite cardiovascular end point (HR, 1.15; P=0.001; R2, 
0.124%) and stroke (HR, 1.15; P=0.040; R2, 0.048%). Adding 
systolic load either expressed as percentage or area under the 
curve to multivariable-adjusted models that already included 
24-hour systolic BP level resulted in <1% (net reclassifica-
tion improvement, −0.01% to 0.28%) improvement in the 
prediction of mortality and cardiovascular events and <0.01% 
(integrated discrimination improvement, –0.002% to 0.009%) 
increase in the difference of the average predicted probabili-
ties between cases (who developed events) and noncases (who 
did not develop events). Sensitivity analyses of systolic BP 
load using varying time intervals and thresholds (Expanded 
Methods in the online-only Data Supplement) appear in 
Tables S3 to S8. In general, these sensitivity analyses were 
confirmatory that BP load expressed as percentage or area 
under the curve was a weak or nonsignificant predictor once 
BP level was accounted for.

Table 1.  Baseline Characteristics of Participants by Quartiles of Systolic Blood Pressure Load 
in Percentage

Characteristics Low Medium–Low Medium–High High

Limits, % <10.9 10.9–30.2 30.3–58.2 ≥58.3

No. of subjects, % 2174 2179 2178 2180

 � European 1088 (50.1) 1366 (62.7) 1445 (66.4) 1497 (68.7)

 � Asian 507 (23.3) 486 (22.3) 478 (22.0) 406 (18.6)

 � South American 579 (26.6) 327 (15.0) 255 (11.7) 277 (12.7)

 � Women 1408 (64.8) 1073 (49.2) 874 (40.1) 741 (34.0)

 � Smokers 567 (26.1) 655 (30.1) 657 (30.2) 612 (28.1)

 � Drinking alcohol 721 (33.2) 1007 (46.2) 1159 (53.2) 1239 (56.8)

 � Hypertension 271 (12.5) 627 (28.8) 1131 (51.9) 1813 (83.2)

 � On antihypertensive treatment 193 (8.9) 337 (15.5) 555 (25.5) 814 (37.3)

 � Diabetes mellitus 78 (3.6) 111 (5.1) 186 (8.5) 247 (11.3)

 � Cardiovascular disorders 138 (6.4) 155 (7.1) 209 (9.6) 258 (11.8)

Mean characteristic (SD)

 � Age, y 45.8 (14.5) 53.0 (14.8) 58.0 (14.0) 62.3 (11.7)

 � Body mass index, kg/m2 24.0 (3.8) 25.1 (4.0) 26.0 (4.2) 26.7 (4.3)

 � Conventional blood pressure

  �  Systolic, mm Hg 115.3 (13.1) 125.0 (14.5) 135.2 (16.6) 150.4 (18.8)

  �  Diastolic, mm Hg 72.6 (8.9) 77.6 (9.4) 81.4 (10.2) 88.1 (11.7)

 � 24-h blood pressure

  �  Systolic, mm Hg 108.5 (5.2) 118.1 (3.9) 127.1 (3.9) 143.2 (10.1)

  �  Diastolic, mm Hg 66.8 (5.1) 71.1 (5.4) 75.1 (5.9) 82.2 (8.2)

 � Blood glucose, mg/dL 207 (42.8) 218 (44.7) 225 (46.1) 226 (44.4)

 � Serum cholesterol, mg/dL 89.3 (19.2) 91.0 (20.2) 96.0 (27.0) 99.6 (30.2)

Hypertension was a conventional blood pressure of ≥140 mm Hg systolic or 90 mm Hg diastolic or use of antihypertensive 
drugs. All differences across quartiles were significant (P≤0.0076).
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Diastolic BP
In multivariable-adjusted Cox models, not including BP load 
(Table S9), the 24-hour diastolic BP predicted (P≤0.001) total 
and cardiovascular mortality and all fatal combined with non-
fatal cardiovascular events but not noncardiovascular mortal-
ity (P=0.33). Findings were similar for the 24-hour diastolic 
load expressed as percentage or area under the curve. Figure 
S5 illustrates this observation for the composite cardiovas-
cular end point. When 24-hour diastolic BP load expressed 
in percentage was added to multivariable-adjusted models 
already including the 24-hour diastolic BP (Table S9), it 
only predicted all-cause mortality (HR, 1.07; P=0.035; R2, 
0.051%) and cardiovascular mortality (HR, 1.12; P=0.028; 
R2, 0.055%). Diastolic load expressed as area under the curve 
independently predicted mortality and all fatal combined with 
nonfatal cardiovascular events (1.10≤HR≤1.21; P≤0.038; 
0.049%≤R2≤0.294%).

Risk Associated With Elevated Versus Normal  
BP Load
The 10-year risk of a composite cardiovascular end point 
associated with 24-hour ambulatory hypertension was 7.0% 

for a systolic level of ≥130 mm Hg and 7.5% for a diastolic 
pressure of ≥80 mm Hg. These risk estimates were obtained 
while adjusting for cohort as random effect and standardizing 
to the midpoint of the distributions in all participants (mean 
or ratio) of sex, age, body mass index, smoking and drink-
ing status, antihypertensive drug intake, total cholesterol, his-
tory of cardiovascular complications, and diabetes mellitus. 
The risk of BP load in percentage exceeded that of 24-hour 
ambulatory hypertension when it was 40.0% systolic or 
42.3% diastolic. The risk associated with BP load computed 
as area under the curve exceeded that of 24-hour ambulatory 
hypertension when load was 91.8 mm Hg×h systolic or 73.6 
mm Hg×h diastolic. Among all participants, 4004 (46.0%) 
reached these systolic or diastolic thresholds expressed as 
a percentage and 4010 (46.0%) for load expressed as area 
under the curve. Among 4825 people with 24-hour ambula-
tory normotension, 761 (15.8%) and 770 (16.0%) reached the 
systolic or diastolic thresholds expressed in percentage or as 
area under the curve, respectively.

Table 3 shows that increased BP load as a categorical variable 
did not refine risk stratification over and beyond BP level in all 
8711 participants, irrespective of whether load was expressed 

Figure 1. Incidence of mortality (A–C) and cardiovascular (CV) events (D–F) across quartiles of the 24-hour systolic blood pressure (BP) 
level (A and D) and the 24-hour BP load expressed as percentage (B and E) or as area under the curve (C and F). Incidence rates were 
standardized for center, sex, and age group (<40, 40–60, ≥60 years) by the direct method. The number of events contributing to the rates 
is presented. All P values for trend were significant (P<0.001) except those for noncardiovascular mortality (P≥0.65).
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as percentage or area under the curve. These observations were 
consistent in untreated patients whose 24-hour ambulatory BP 
was <130 mm Hg systolic and 80 mm Hg diastolic (Table 4). 
Similarly, the sensitivity analysis based on the composite car-
diovascular end point and stratified for sex, age (<60 versus 
≥60 years), and antihypertensive treatment status at baseline or 
ethnicity showed no refinement in risk stratification by using 
BP load added to the 24-hour BP level (Table S10).

Discussion
The key finding of our study was that BP level and load 
expressed as percentage or as area under the curve equally 
predicted cardiovascular risk. However, BP load did not clini-
cally meaningfully refine the risk prediction based on the 
24-hour BP level. These findings were consistent for systolic 
and diastolic BP and in sensitivity analyses.

The concept of BP load was introduced by pioneering 
reports published in the early 1990s by Zachariah et al2,3 and 
Dr White.4 Zachariah et al2,3 hypothesized that BP load might 
provide unique information for the diagnosis of hypertension 
in cases when mean level of 24-hour ambulatory systolic or dia-
stolic BPs would be misleadingly low.16 He referred to 1 study 
in which the diastolic BP load in several patients was ≈50%, 
whereas the 24-hour diastolic level was still <90 mm Hg.3 Dr 
White4 refined the definition of BP load by recommending to 
compute load separately for the awake and sleeping periods 
of the day.4 Next, several investigators proposed to calculate 
the area under the curve rather than the number of readings 
exceeding the thresholds of normality for the awake and 
sleeping periods of the day.17 BP load expressed in percent-
age is a semiquantitative index that reflects how frequently 
ambulatory readings surpass set thresholds without providing 

Table 3.  Multivariable-Adjusted Hazard Ratios Associated With Increased 24-Hour Blood Pressure Load in 8711 Participants

Outcome

BP Load in Percentage (Systolic/Diastolic ≥40.0/42.3%) Area Under the Curve (Systolic/Diastolic ≥91.8/73.6 mm Hg×h)

No. of Events  
(N/E)

Person-Years  
(N/E) HR (CI) R 2, % P Value

No. of Events  
(N/E)

Person-Years  
(N/E) HR (CI) R2, % P Value

Mortality

 � Total 469/815 48 101 /39 102 1.03 (0.87–1.22) 0.001 0.72 446/838 47 921 /39 282 1.14 (0.97–1.34) 0.027 0.12

 � Cardiovascular 144/357 48 101 /39 102 1.01 (0.77–1.32) <0.001 0.98 141/360 47 921 /39 282 1.01 (0.77–1.32) <0.001 0.94

 � Noncardiovascular 305/437 48 101 /39 102 1.08 (0.87–1.34) 0.005 0.52 286/456 47 921 /39 282 1.26 (1.01–1.56)* 0.051 0.035

Fatal and nonfatal events combined

 � All cardiovascular 321/788 47 069 /36 729 1.15 (0.96–1.38) 0.024 0.15 319/790 46 860 /36 938 1.11 (0.93–1.33) 0.014 0.27

 � Cardiac 171/447 47 584 /37 787 1.28 (1.00–1.63) 0.043 0.053 171/447 47 376 /37 995 1.17 (0.92–1.49) 0.019 0.19

 � Coronary 128/317 47 726 /38 215 1.28 (0.96–1.71) 0.034 0.086 123/322 47 547 /38 394 1.32 (0.99–1.76) 0.043 0.053

 � Stroke 139/342 47 570 /37 975 1.00 (0.76–1.32) <0.001 0.97 138/343 47 377 /38 168 0.99 (0.75–1.30) <0.001 0.93

Among the 8711 participants, 4004 (46.0%) and 4010 (46.0%) had an increased load expressed as percentage or as area under the curve, respectively. No. of 
events and person-years of follow-up are given for participants with normal/elevated (N/E) blood pressure load. Hazard ratios (HR) given with 95% confidence interval 
(CI) express the risk associated with an elevated blood pressure load and were estimated from a Cox proportional hazards model. All models were randomized for cohort 
and adjusted for sex, age, 24-h systolic and diastolic blood pressure, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history 
of cardiovascular disease, and diabetes mellitus. The R2 statistic is a measure for the refinement in risk prediction over and beyond a model including the 24-h level of 
systolic and diastolic blood pressures and the other covariables. P indicates the significance of the log likelihood ratio test comparing the model including the 24-h blood 
pressure level and covariables and a model additionally including blood pressure load. The cause of death was unknown in 41 cases. Significance of the hazard ratio: 

*P≤0.05.

Figure 2. Ten-year risk (%) of a composite cardiovascular end point in relation to 24-hour systolic blood pressure (BP) level (A) and load 
expressed in percentage (B) or as area under the curve (C). The median of each decile group was plotted along the horizontal axis. Dots 
represent the risks in deciles of systolic BP level or load. These risk estimates were derived from a multivariate-adjusted Cox regression 
model including 9 dummy variables coding for deciles. The fitted curve is the risk plotted by an ordinal variable coding for the deciles of 
systolic BP level or load.
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any information to what extent readings were higher than the 
ceiling values. Conversely, area under the curve expressed in 
mm Hg×h provides quantitative information on how long and 
how much BP is elevated above the set thresholds, thus theo-
retically offering information more close to that provided by 
average BP levels.

Several small studies, most with a cross-sectional design, 
addressed the relationship between target organ damage and 
BP load.5–8 In 60 untreated patients with mild to moderate 
hypertension,6 diastolic BP load was the ambulatory BP index 
closest correlated with left ventricular mass index. The corre-
lation coefficients were 0.38 and 0.32 for 24-hour systolic and 
diastolic BP and 0.41 and 0.51 for systolic and diastolic BP load 
calculated as the percentage of readings exceeding 140 mm Hg 
systolic or 90 mm Hg diastolic, respectively.6 Mulè et al7 sub-
divided 130 untreated patients with hypertension(mean age, 
45.8 years; 30.0% women) according to the median values of 
systolic and diastolic BP load. Patients with a high systolic 
BP load had greater relative myocardial wall thickness, higher 
peripheral vascular resistance, higher prevalence of hyper-
tensive retinopathy, and lower midwall fractional shortening 
and lower cardiac index.7 In 126 octogenarians, Andrade et al9 
reported that the daytime systolic BP load defined as the per-
centage of readings exceeding 135 mm Hg predicted the inci-
dence of cardiovascular complications. However, follow-up in 
this prospective study was limited to 23.0 months and only 12 
cardiovascular events occurred.9

As already highlighted by the experts who proposed the con-
cept of BP load,2–4 the assessment of its true predictive value 
remains elusive because of the high degree of correlation of 
BP level with load, irrespective of whether load is expressed 
in percentage or as area under the curve. BP level and load 
are conceptually and pathophysiologically linked measures. 
In our current study, the correlation coefficients between 
level and load were all >0.88. Few previous studies,5–9 if any,7 

explicitly addressed this problem of collinearity. Moreover, 
the distributions of BP load substantially deviated from nor-
mality, being skewed to the right. For these reasons, we did 
not enter the 24-hour BP level and load as a continuous vari-
ables in our Cox models. We generated multivariable-adjusted 
risk estimates for a 1-decile increase in BP level and load. 
Furthermore, we assessed the refinement of risk prediction 
by load over and beyond level by the log likelihood ratio test 
and the generalized R2 statistic, which are not influenced by 
collinearity. Basically, our analyses based on deciles showed 
that BP level and load were equally predictive of total and 
cardiovascular mortality and fatal combined with nonfatal 
events. However, adding BP load, either as percentage or as 
area under the curve, to models already including BP level 
only marginally refined prediction.

The Mayo Clinic’s Group proposed that a BP load of 15% 
should be the upper limit in normotensive subjects.3 However, 
estimates for this diagnostic threshold varied widely extend-
ing up to 45% systolic and 19% diastolic.2 To our knowledge, 
our study is the first that attempted to derive an outcome-
driven thresholds for BP load. We considered the 10-year risk 
of a composite cardiovascular end point associated with the 
24-hour BP of 130 mm Hg systolic or 80 mm Hg diastolic as a 
reference. This risk threshold (≈7%) was exceeded when BP 
load expressed in percentage was ≥40.0% systolic or 42.3% 
diastolic; for BP load expressed as area under the curve the 
corresponding thresholds were 91.8 mm Hg×h and 73.6 
mm Hg×h, respectively.

Using the above mentioned thresholds, we dichotomized 
the whole study population in participants with normal versus 
elevated BP load. As in our analyses based on deciles, BP load 
dichotomized into categories did not refine risk stratification 
once the 24-hour BP level was accounted for. BP load was 
initially introduced to improve risk stratification in normoten-
sive people in whom the BP averages for 24 hours might be 

Table 4.  Multivariable-Adjusted Hazard Ratios Associated With Increased 24-Hour Blood Pressure Load in 4825 Participants With 
24-Hour Ambulatory Normotension

Outcome

BP Load in Percentage (Systolic/Diastolic ≥40.0/42.3%) Area Under the Curve (Systolic/Diastolic ≥91.8/73.6 mm Hg×h)

No. of Events  
(N/E) HR (CI) R 2, % P Value

No. of Events  
(N/E) HR (CI) R 2, % P Value

Mortality

 � Total 326/87 0.85 (0.63–1.13) 0.028 0.25 308/105 1.05 (0.80–1.37) 0.002 0.73

 � Cardiovascular 85/26 0.72 (0.41–1.24) 0.028 0.25 83/28 0.75 (0.44–1.26) 0.018 0.35

 � Noncardiovascular 229/59 0.86 (0.60–1.22) 0.017 0.37 214/74 1.14 (0.82–1.57) 0.013 0.44

Fatal and nonfatal events combined

 � All cardiovascular 202/70 1.00 (0.71–1.40) <0.001 0.99 201/71 0.87 (0.62–1.20) 0.011 0.46

 � Cardiac 117/41 1.05 (0.67–1.64) 0.001 0.86 118/40 0.82 (0.53–1.26) 0.015 0.40

 � Coronary 85/28 1.07 (0.63–1.82) 0.002 0.77 83/30 1.00 (0.60–1.67) <0.001 0.93

 � Stroke 83/26 0.77 (0.45–1.32) 0.019 0.34 82/27 0.71 (0.42–1.19) 0.034 0.20

Of the 4825 untreated participants with ambulatory normotension, 761 (15.8%) and 770 (16.0%) had an increased blood pressure load expressed as percentage 
or as area under the curve, respectively. Ambulatory normotension was a 24-h blood pressure <130 mm Hg systolic and 80 mm Hg diastolic in untreated participants. 
Number of events are given for participants with normal/elevated (N/E) blood pressure load. Hazard ratios (HR) given with 95% confidence interval (CI) express the risk 
associated with an elevated blood pressure load and were estimated from a Cox proportional hazards model. All models were randomized for cohort and adjusted for 
sex, age, 24-h systolic and diastolic blood pressure, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of cardiovascular 
disease, and diabetes mellitus. The R2 statistic is a measure for the refinement in risk prediction over and beyond a model including the 24-h level of systolic and diastolic 
blood pressures and the other covariables. P indicates the significance of the log likelihood ratio test comparing the model including the 24-h blood pressure level and 
covariables and a model additionally including blood pressure load. The cause of death was unknown in 14 cases. 
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normal, but BP might be substantially elevated during some 
parts of the day.2,4 For this reason, we repeated our analyses of 
BP load as dichotomized variable in >4000 participants with 
ambulatory normotension at baseline. Once again BP load did 
not add to the prediction of risk when BP level was accounted 
for. BP load, in particular in normotensive people, might 
reflect BP variability.2,4 Our current findings are, therefore, 
in line with previous International Database on Ambulatory 
BP in relation to Cardiovascular Outcomes reports18 in which 
we demonstrated that reading-to-reading BP variability added 
<1% to the prediction of cardiovascular events in models 
including the 24-hour ambulatory BP level.

The present findings should be interpreted within the con-
text of some potential limitations. First, our study included 
participants from different cohorts whose ambulatory BP 
recordings were not standardized in terms of device type, 
daytime and nighttime periods, and the frequency of BP mea-
surements, which may have constituted a source of bias in the 
analysis of ambulatory BP indices. However, for the current 
analysis, the same Statistical Analysis System macro pro-
cessed all recordings to compute BP load and time-weighted 
BP means for each individual. Second, the power to demon-
strate a significant interaction in Cox regression is generally 
low. In sensitivity analyses, we stratified for sex, age, antihy-
pertensive treatment, or ethnicity. We cannot exclude that age 
<60 years BP load might improve the prediction of risk based 
on BP level. The HRs were 1.59 and 1.41 for load expressed 
in percentage or as area under the curve, respectively. Third, 
our analyses rested on 10 population-based cohorts with an 
overrepresentation of Europeans and might, therefore, not be 
representative for other ethnic groups, in particular blacks. 
Fourth, across cohorts, median follow-up ranged from 2.6 
to 13.3 years. However, the crude rates of a cardiovascular 
death or a composite cardiovascular end point were not cor-
related with median follow-up time (P≥0.18). Finally, in spite 
of repeated attempts, we did not succeed in collecting reli-
able follow-up data on serum creatinine and microalbumin-
uria or albuminuria. However, the International Database on 
Ambulatory BP in relation to Cardiovascular Outcomes does 
include information on end-stage renal disease requiring 
replacement therapy. However, the number of fatal and nonfa-
tal renal events, 18 and 17, respectively, was too small to allow 
a meaningful analysis of these end points.

Perspectives
Our current study showed that BP load did not refine risk 
stratification based on 24-hour BP level. These findings were 
consistent in participants with ambulatory normotension for 
whom the concept of BP load was originally conceived. From 
a clinical point of view, our results suggest that there is no 
need to compute complex statistics such as area under the 
curve when a simple arithmetic average provides the simi-
lar prognostic information. We would suggest that reports of 
ambulatory BP recordings put emphasis on BP level rather 
than load as the main prognosticator. In our study population, 
applying thresholds for BP load would have led to the ini-
tiation of antihypertensive drug treatment in ≈16% of partici-
pants with 24-hour ambulatory normotension as assessed by 
BP level. There is currently no clinical trial evidence showing 

that instituting or adjusting antihypertensive treatment based 
on BP load would improve prognosis.
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What Is New?
•	No previous study has ever addressed in a prospective manner whether 

blood pressure (BP) load truly refines risk stratification over and beyond 
the 24-hour BP level.

What Is Relevant?
•	 In our study, BP load did not substantially add to risk stratification based 

on the 24-hour ambulatory BP level. This particularly applied to untreat-

ed subjects with average 24-hour ambulatory BP <130 mm Hg systolic 
and 80 mm Hg diastolic in whom the use of BP load is recommended.

Summary
What really matters for risk stratification is the 24-hour BP level. 
We would suggest that reports of ambulatory BP recordings put 
emphasis on BP level rather than load as the main prognosticator.

Novelty and Significance

	10.	 Thijs L, Hansen TW, Kikuya M, et  al; IDACO Investigators. The 
International Database of Ambulatory Blood Pressure in relation to 
Cardiovascular Outcome (IDACO): protocol and research perspectives. 
Blood Press Monit. 2007;12:255–262.

	11.	 Fan HQ, Li Y, Thijs L, et  al. Prognostic value of isolated noctur-
nal hypertension in 8711 subjects from 10 populations. J  Hypertens. 
2010;28:2036–2045.

	12.	 Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines for the 
management of arterial hypertension. The Task Force for the manage-
ment of arterial hypertension of the European Society of Hypertension 
(ESH) and of the European Society of Cardiology (ESC) J  Hypertens. 
2007;25:1105–1187.

	13.	 Naing NN. Easy way to learn standardization: direct and indirect methods. 
Malays J Med Sci. 2000;7:10–15.

	14.	 Gillespie BW. Use of generalized R-squared in Cox regression. APHA 
Scientific Session and Event Listing. 2006. https://apha.confex.com/
apha/134am/techprogram/paper_135906.htm. Accessed February 8, 2014.

	15.	 Cook NR, Ridker PM. The use and magnitude of reclassification measures 
for individual predictors of global cardiovascular risk. Ann Intern Med. 
2009;150:795–802.

	16.	 Zachariah PK, Sumner WE 3rd. The clinical utility of blood pressure load 
in hypertension. Am J Hypertens. 1993;6(6 Pt 2):194S–197S.

	17.	 Nobre F, Mion D Jr. Is the area under blood pressure curve the best param-
eter to evaluate 24-h ambulatory blood pressure monitoring data? Blood 
Press Monit. 2005;10:263–270.

	18.	 Hansen TW, Thijs L, Li Y, et  al. Prognostic value of short-term blood 
pressure variability over 24 hours in 8938 subjects from 11 populations. 
Hypertension. 2010;55:1049–1057.

 by guest on April 9, 2014http://hyper.ahajournals.org/Downloaded from 

https://apha.confex.com/apha/134am/techprogram/paper_
https://apha.confex.com/apha/134am/techprogram/paper_
http://135906.htm
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/


 

 

HYPERTENSION  

 

Supplemental Material  

This Data Supplement has been provided by the authors to give readers additional 
information about their work.  

 

Supplement to:  
Li Y et al. Blood Pressure Load Does Not Add to Ambulatory Blood Pressure Level 
for Cardiovascular Risk Stratification 

1 

 



 

Expanded Methods  
Study Population 

The 8711 analyzed participants included: 1127 from Noorderkempen, Belgium;1 351 
from the JingNing county, China;2 165 from Pilsen, the Czech Republic;3 2142 from 
Copenhagen, Denmark;4 310 from Padova, Italy;3 1526 from Ohasama, Japan;5 308 
from Kraków, Poland;3 244 from Novosibirsk, the Russian Federation;6 1100 older 
men from Uppsala, Sweden;7 and 1438 subjects from Montevideo, Uruguay.8  
Blood Pressure Measurement   
Conventional blood pressure was measured by trained observers with a mercury 
sphygmomanometer,1-4,6,7 with validated auscultatory5 (USM-700F, UEDA Electronic 
Works, Tokyo, Japan) or oscillometric8 (OMRON HEM-705CP, Omron Corporation, 
Tokyo, Japan) devices, using the appropriate cuff size, with participants in the 
sitting1-6,8 or supine7 position.  Conventional blood pressure was the average of 2 
consecutive readings obtained either at the person’s home1-3,6 or at an examination 
center.4,5,7  Office hypertension was a conventional blood pressure of at least 140 
mm Hg systolic or 90 mm Hg diastolic or the use of antihypertensive drugs.9 

 We programmed portable monitors to obtain ambulatory blood pressure readings 
at 30 minute intervals throughout the whole day,5 or at intervals ranging from 153,4,6 
to 305 minutes during daytime and from 207 to 452 minutes at night.  The detailed in-
formation on the time intervals between readings, numbers of programmed and rec-
orded readings in each cohort are shown in Supplement Table S2.  The devices im-
plemented an auscultatory algorithm (Accutracker II) in Uppsala7 or an oscillometric 
technique (SpaceLabs 90202 and 90207, Nippon Colin, and  ABPM 630) in the other 
cohorts.1-6,8  The same SAS macro processed all ambulatory recordings, which gen-
erally stayed unedited.  The Ohasama recordings were edited sparsely according to 
previously published criteria.10  According to our predefined criteria,11 recordings with 
less than 10 daytime readings and/or less than five nighttime readings were not con-
sidered for analysis.  Within individual subjects, we weighted the means of the ambu-
latory blood pressure by the interval between readings.11  
Time Intervals and Thresholds for the Ambulatory Blood Pressure  
In sensitivity analyses confined to systolic blood pressure, we also applied short fixed 
clock time intervals with daytime and nighttime ranging from 1000 h to 2000 h and 
from midnight to 0600 h in Europeans and South Americans, and 0800 h to 1800 h 
and from 2200 h to 0400 h in Asians.  Narrow fixed clock time intervals eliminate the 
transition periods in the morning and evening when blood pressure changes 
rapidly.12  We previously demonstrated in Europeans12 and Chinese2 that narrow in-
tervals provide estimates of daytime and nighttime blood pressure that are within 1–2 
mm Hg of the awake and asleep levels.  We used as daytime and nighttime thresh-
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olds either 135 and 120 mm Hg, as proposed in European guidelines,9 or previously 
derived outcome-driven thresholds of 130 and 110 mmHg.13  We also did sensitivity 
analyses based on a single systolic threshold for the whole day, either 130 mmHg9 or 
125 mm Hg.13  
Other Baseline Measurements  
We used the questionnaires originally administered in each cohort to obtain infor-
mation on each participant’s medical history and smoking and drinking habits.  Body 
mass index was body weight in kilograms divided by height in meters squared.  We 
measured serum cholesterol and blood glucose by automated enzymatic methods.  
Diabetes mellitus was the use of antidiabetic drugs, a fasting blood glucose concen-
tration of at least 7.0 mmol/L,1-8  a random blood glucose concentration of at least 
11.1 mmol/L,1,2,5 a self-reported diagnosis,1,5,8 or diabetes documented in practice or 
hospital records.8   
Coding of Events  
Outcomes were coded according to the international classification of diseases (ICD).   
Fatal and nonfatal stroke (ICD8/9 430-434 and 436, ICD10 I60-I64 and I67-I68) did 
not include transient ischemic attacks.  Coronary events encompassed death from 
ischemic heart disease (ICD8 411-412, ICD9 411 and 414, ICD10 I20 and I24-I25), 
sudden death (ICD8 4272 and 795, ICD9 4275 and 798, ICD10 I46 and R96), nonfa-
tal myocardial infarction (ICD8/9 410, ICD10 I21-I22), and coronary revascularization.  
Cardiac events comprised coronary events and fatal and nonfatal heart failure (ICD8 
428 and 4271-4272 and 4290, ICD9 428 and 429, ICD10 I50 and J81).  Hospitaliza-
tions for unstable angina were coded as ischemic heart disease.  In the Danish4 and 
Swedish7 cohorts, the diagnosis of heart failure required admission to hospital.  In the 
other cohorts,1-3,5,6,8 heart failure was either a clinical diagnosis or the diagnosis on 
the death certificate, but in all cases it was validated against hospital files or records 
held by family doctors.  The composite cardiovascular event included all aforemen-
tioned events plus cardiovascular mortality (ICD8 390-448, ICD9 3900-4599, ICD10 
I00-I79 and R96).   
Statistical Analysis  
For database management and statistical analysis, we used the Statistical Analysis 
System (SAS) software, version 9.3 (SAS Institute, Cary, NC).  Departure from nor-
mality was evaluated by Shapiro-Wilk’s statistic and skewness by the computation of 
the coefficient of skewness, the third moment about the mean divided by the cube of 
the standard deviation.14  For comparison of means and proportions, we applied the 
large-sample z-test and the χ2-statistic, respectively.   
  In the final part of our analyses, we determined outcome-driven thresholds for BP 
load.  First, we determined the 10-year risk of a composite cardiovascular endpoint 
associated with a 24-hour BP of 130 mm Hg systolic or 80 mm Hg diastolic.  Next, 
using a bootstrap procedure,15 we determined the lowest decile of load associated 
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with a 10-year risk of a cardiovascular event larger than the risk conferred by the 
aforementioned thresholds for 24-hour ambulatory hypertension.  The lower limit 
separating this decile from the preceding one was used as cut-off limit in dichoto-
mized analyses contrasting an elevated with normal BP load.  We used Kaplan-Meier 
survival function estimates, and the log-rank test to compare incidence rates and 
multivariable-adjusted Cox models with a class variable (0,1) coding for increased 
load.   

Expanded Results 
Mortality included 501 cardiovascular and 742 noncardiovascular deaths and 41 
deaths from unknown cause.  Considering cause-specific first cardiovascular events, 
the incidence of fatal and nonfatal stroke amounted to 145 and 391, respectively.  
Cardiac events consisted of 176 fatal and 442 nonfatal events, including 76 fatal and 
214 nonfatal cases of acute myocardial infarction, 32 deaths from ischemic heart dis-
ease, 28 sudden deaths, 40 fatal and 171 nonfatal cases of heart failure, and 57 
cases of surgical or percutaneous coronary revascularization. 
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Table S1.  Population Sampling Methods in IDACO Cohorts   

Catchment Area Sampling Frame   Starting Point to  
Recruit Sample  

Participation 
Rate (%)  

Nº in 
IDACO  

Database  
Analyzed  

Nooderkempen, Belgium  Family-based random sample  Address list  78  2542  1127  

JingNing, Zhejiang, China  Family-based random sample  Villages, all inhabitants invited  62  360  351  

Pilsen, Czech Republic  Family-based random sample  Address list  82  174  165  

Copenhagen County, Denmark  Stratified random sample of women 
and men aged 30, 40, 50 and 60 years  

Population registry  83  2311  2142  

Mirano (Venice), Torrebelvicino 
(Vicenza), Valli del Pasubio (Vi-
cenza), Italy  

Population-based sample of women 
and men ≥18 years  

Address list  73  310  310  

Ohasama, Iwate prefecture,  
Japan  

People aged ≥40 years  Address list  78  1535  1526  

Niepolomice, Kràkow, Poland  Family-based random sample  Address list  54  321  308  

Octyabrsky district, Novosibirsk,  
Russian Federation  

Family-based random sample  Address list  68  250  244  

Montevideo, Uruguay  Age-stratified random sample  Members of a health insurance 
organization  

78  1859  1438  

Uppsala, Sweden  Men aged ≥50 year  Population census  80  1143  1100  

Allied Irish Bank Study  Bank employees working at branches 
across Ireland  

All invited  14  981  0  
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Table S2.  Number of 24-H Ambulatory Blood Pressure Readings in IDACO Cohorts   

IDACO Cohorts  Nº of 
Subjects  

Programmed In-
terval between 
Readings 
(minutes) 

Nº of  
Pro-
grammed  
Readings  

Nº of  Recorded Readings  

Day-
time 

Night-
time Median  P5  P25  P75  P95  

Nooderkempen, Belgium  1127  20 40 55  55 39 51 57 59 

JingNing, Zhejiang, China    351  20 45 65  56 52 55 56 57 

Pilsen, Czech Republic    165  15 30 76  76 56 71 80 82 

Copenhagen County, Denmark  2142  15 30 80  80 68 78 81 83 

Mirano (Venice), Torrebelvicino 
 (Vicenza), Valli del Pasubio  
(Vicenza), Italy  

  310  15 30 76  77 67 74 78 84 

Ohasama, Iwate prefecture, Japan  1526  30 30 48  45 36 42 48 50 

Niepolomice, Kraków, Poland    308  15 30 76  75 62 72 77 79 

Octyabrsky District, Novosibirsk,   
Russian Federation  

  244  15 30 76  72 56 65 75 78 

Montevideo, Uruguay  1438  20 40 60  37 30 34 40 42 

Uppsala, Sweden  1100  20 20 72  65 44 52 75 85 
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Table S3.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in 24-H Systolic Blood Pressure Level and 
Load (Defined According to the Cut-off of 135 mmHg Daytime and 120 mmHg Nighttime)  

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.05 (1.02–1.07)‡  1.02 (0.96–1.09) 0.004 0.55  0.99 (0.94–1.05) 0.001 0.79 

Cardiovascular (501)  1.12 (1.07–1.16)‡  1.05 (0.94–1.18) 0.010 0.36  0.97 (0.88–1.07) 0.003 0.59 

Noncardiovascular (742)  1.01 (0.98–1.04)  1.00 (0.92–1.09) 0.000 0.99  1.00 (0.93–1.07) 0.000 0.95 

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.14 (1.11–1.17)‡  1.05 (0.97–1.12) 0.016 0.23  1.04 (0.98–1.12) 0.018 0.20 

Cardiac (618)  1.11 (1.07–1.15)‡  1.03 (0.93–1.13) 0.004 0.56  1.03 (0.94–1.13) 0.007 0.45 

   Coronary (445)  1.09 (1.05–1.14)‡  1.01 (0.91–1.14) 0.001 0.79  1.02 (0.92–1.13) 0.003 0.64 

Stroke (481)  1.19 (1.15–1.24)‡  1.08 (0.97–1.21) 0.020 0.19  1.04 (0.94–1.15) 0.006 0.48 

Daytime and nighttime  was defined using short clock-time intervals (for details, see Methods).  All models are randomized for cohort and adjusted for sex, age, body 
mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of cardiovascular disease and diabetes mellitus.  The basic model also in-
cludes the level of the 24-h systolic blood pressure.  Full models include the aforementioned covariables and both level and an index of blood pressure load.  Hazard 
ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 1-decile increase in 24-h systolic blood pressure level or load.  The R2 statistic is 
a measure for the refinement in risk prediction over and beyond a model including the 24-h blood pressure level and the other covariables.  P indicates the signifi-
cance of the log likelihood ratio test comparing the model including the 24-h blood pressure level and covariables and a model additionally including blood pressure 
load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001.  
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Table S4.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in 24-H Systolic Blood Pressure Level and 
Load (Defined According to the Cut-off of 130 mmHg Daytime and 110 mmHg Nighttime) 

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.05 (1.02–1.07)‡   0.95 (0.89–1.02) 0.024 0.15  1.04 (0.97–1.11) 0.012 0.30 

Cardiovascular (501)  1.12 (1.07–1.16)‡   0.93 (0.84–1.03) 0.021 0.17  1.05 (0.93–1.18) 0.006 0.47 

Noncardiovascular (742)  1.01 (0.98–1.04)   0.99 (0.91–1.08) 0.002 0.70  1.04 (0.95–1.13) 0.008 0.41 

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.14 (1.11–1.17)‡   1.00 (0.93–1.07) 0.000 0.87  1.08 (0.99–1.17) 0.041 0.06 

Cardiac (618)  1.11 (1.07–1.15)‡   0.95 (0.86–1.04) 0.013 0.28  1.06 (0.95–1.17) 0.012 0.30 

   Coronary (445)  1.09 (1.05–1.14)‡   0.95 (0.85–1.06) 0.010 0.36  1.05 (0.93–1.18) 0.006 0.46 

Stroke (481)  1.19 (1.15–1.24)‡   1.08 (0.97–1.21) 0.023 0.16  1.10 (0.97–1.24) 0.023 0.16 

Daytime and nighttime  was defined using short clock-time intervals (for details, see Methods).  All models are randomized for cohort and adjusted for sex, age, body 
mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of cardiovascular disease and diabetes mellitus.  The basic model also in-
cludes the level of the 24-h systolic blood pressure.  Full models include the aforementioned covariables and both level and an index of blood pressure load.  Hazard 
ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 1-decile increase in 24-h systolic blood pressure level or load.  The R2 statistic is 
a measure for the refinement in risk prediction over and beyond a model including the 24-h blood pressure level and the other covariables.  P indicates the signifi-
cance of the log likelihood ratio test comparing the model including the 24-h blood pressure level and covariables and a model additionally including blood pressure 
load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001. 
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Table S5.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in 24-H Systolic Blood Pressure Level and 
Load (Defined According to the Cut-off of 130 mmHg for All the 24-H Readings) 

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.05 (1.02–1.07)‡   1.00 (0.93–1.07) 0.000 0.95  0.97 (0.91–1.04) 0.007 0.43 

Cardiovascular (501)  1.12 (1.07–1.16)‡   1.03 (0.91–1.16) 0.003 0.64  1.01 (0.90–1.14) 0.001 0.78 

Noncardiovascular (742)  1.01 (0.98–1.04)   1.00 (0.91–1.09) 0.000 0.89  0.95 (0.87–1.03) 0.016 0.24 

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.14 (1.11–1.17)‡   1.06 (0.98–1.15) 0.019 0.20  1.10 (1.02–1.18)* 0.066 0.02 

Cardiac (618)  1.11 (1.07–1.15)‡   1.04 (0.94–1.16) 0.006 0.49  1.05 (0.95–1.17) 0.013 0.28 

   Coronary (445)  1.09 (1.05–1.14)‡   1.05 (0.93–1.19) 0.006 0.47  1.03 (0.92–1.16) 0.004 0.58 

Stroke (481)  1.19 (1.15–1.24)‡   1.07 (0.95–1.21) 0.016 0.25  1.14 (1.01–1.28)* 0.049 0.04 

All models are randomized for cohort and adjusted for sex, age, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of 
cardiovascular disease and diabetes mellitus.  The basic model also includes the level of the 24-h systolic blood pressure.  Full models include the aforementioned 
covariables and both level and an index of blood pressure load.  Hazard ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 1-decile 
increase in 24-h systolic blood pressure level or load.  The R2 statistic is a measure for the refinement in risk prediction over and beyond a model including the 24-h 
blood pressure level and the other covariables.  P indicates the significance of the log likelihood ratio test comparing the model including the 24-h blood pressure level 
and covariables and a model additionally including blood pressure load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001.
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Table S6.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in 24-H Systolic Blood Pressure Level and 
Load (Defined According to the Cut-off of 125 mmHg for All the 24-H Readings) 

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.05 (1.02–1.07)‡   1.00 (0.93–1.08) 0.000 0.97  0.99 (0.92–1.07) 0.000 0.84 

Cardiovascular (501)  1.12 (1.07–1.16)‡   1.05 (0.93–1.18) 0.006 0.45  1.05 (0.92–1.20) 0.007 0.42 

Noncardiovascular (742)  1.01 (0.98–1.04)   0.99 (0.90–1.09) 0.001 0.82  0.96 (0.87–1.06) 0.007 0.43 

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.14 (1.11–1.17)‡   1.07 (0.99–1.16) 0.027 0.12    1.12 (1.03–1.23)† 0.078   0.009 

Cardiac (618)  1.11 (1.07–1.15)‡   1.08 (0.97–1.20) 0.018 0.21  1.06 (0.94–1.19) 0.013 0.29 

   Coronary (445)  1.09 (1.05–1.14)‡   1.12 (0.99–1.26) 0.032 0.10  1.07 (0.93–1.22) 0.010 0.34 

Stroke (481)  1.19 (1.15–1.24)‡   1.07 (0.95–1.20) 0.017 0.23  1.18 (1.03–1.35)* 0.058 0.02 

All models are randomized for cohort and adjusted for sex, age, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of 
cardiovascular disease and diabetes mellitus.  The basic model also includes the level of the 24-h systolic blood pressure.  Full models include the aforementioned 
covariables and both level and an index of blood pressure load.  Hazard ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 1-decile 
increase in 24-h systolic blood pressure level or load.  The R2 statistic is a measure for the refinement in risk prediction over and beyond a model including the 24-h 
blood pressure level and the other covariables.  P indicates the significance of the log likelihood ratio test comparing the model including the 24-h blood pressure level 
and covariables and a model additionally including blood pressure load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001.  
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Table S7.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in Level and Load of Daytime Systolic Blood 
Pressure  

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.02 (0.99–1.05)   1.05 (1.01–1.09)* 0.059 0.02  1.05 (1.01–1.10)* 0.055 0.03 

Cardiovascular (501)  1.08 (1.03–1.13)‡   1.09 (1.02–1.16)* 0.069 0.01  1.12 (1.04–1.19)† 0.117 0.001 

Noncardiovascular (742)  0.99 (0.96–1.03)   1.01 (0.96–1.06) 0.001 0.79  0.99 (0.93–1.05) 0.002 0.65 

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.13 (1.09–1.16)‡   1.09 (1.04–1.14)‡ 0.166 <0.001  1.12 (1.07–1.17)‡ 0.255 <0.001 

Cardiac (618)  1.09 (1.05–1.14)‡   1.08 (1.02–1.15)† 0.084 0.007  1.10 (1.04–1.17)† 0.117 0.001 

   Coronary (445)  1.08 (1.03–1.14)‡   1.04 (0.97–1.12) 0.017 0.22  1.08 (1.00–1.15)* 0.048 0.04 

Stroke (481)  1.19 (1.14–1.25)‡   1.11 (1.04–1.19)† 0.097 0.004  1.14 (1.06–1.22)‡ 0.148 <0.001 

All models are randomized for cohort and adjusted for sex, age, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of 
cardiovascular disease and diabetes mellitus.  The basic model also includes the level of the daytime systolic blood pressure.  Full models include the aforementioned 
covariables and both level and an index of blood pressure load.  Hazard ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 1-decile 
increase in daytime systolic blood pressure level or load.  The R2 statistic is a measure for the refinement in risk prediction over and beyond a model including the 
daytime blood pressure level and the other covariables.  P indicates the significance of the log likelihood ratio test comparing the model including the daytime blood 
pressure level and covariables and a model additionally including blood pressure load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001.  
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Table S8.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in Level and Load of Nighttime Systolic 
Blood Pressure  

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.06 (1.04–1.09)‡   1.03 (0.99–1.08) 0.021 0.18   1.06 (1.01–1.10)* 0.064 0.02 

Cardiovascular (501)  1.11 (1.07–1.15)‡     1.12 (1.03–1.22)† 0.088   0.006    1.14 (1.05–1.23)† 0.118   0.001 

Noncardiovascular (742)  1.04 (1.01–1.07)*   0.98 (0.93–1.04) 0.004 0.58  1.00 (0.95–1.06) 0.000 0.99 

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.12 (1.09–1.15)‡   1.02 (0.97–1.07) 0.005 0.50    1.06 (1.01–1.11)* 0.055 0.03 

Cardiac (618)  1.09 (1.06–1.13)‡   1.03 (0.97–1.11) 0.011 0.33  1.05 (0.99–1.13) 0.026 0.13 

   Coronary (445)  1.07 (1.03–1.11)‡   1.05 (0.97–1.14) 0.019 0.19  1.08 (0.99–1.17) 0.042 0.06 

Stroke (481)  1.16 (1.12–1.21)‡   1.02 (0.94–1.10) 0.002 0.68  1.05 (0.97–1.13)* 0.015 0.26 

All models are randomized for cohort and adjusted for sex, age, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of 
cardiovascular disease and diabetes mellitus.  The basic model also includes the level of the nighttime systolic blood pressure.  Full models include the aforemen-
tioned covariables and both level and an index of blood pressure load.  Hazard ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 
1-decile increase in nighttime systolic blood pressure level or load.  The R2 statistic is a measure for the refinement in risk prediction over and beyond a model includ-
ing the daytime blood pressure level and the other covariables.  P indicates the significance of the log likelihood ratio test comparing the model including the daytime 
blood pressure level and covariables and a model additionally including blood pressure load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001.  
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Table S9.  Multivariable-Adjusted Hazard Ratios for a 1-Decile Increase in Level and Load of 24-H Diastolic Blood 
Pressure  

Outcome   

(Number of Events)  

Basic Model 
 Including Level  

 Full Model, Including Level and Load  

 Load, %   Load, mm Hg × h  

HR (CI)   HR (CI)  R2,%  P   HR (CI)  R2,%  P  

Mortality            

Total (1284)  1.04 (1.02–1.06)‡   1.07 (1.00–1.14)*  0.051  0.035   1.15 (1.09–1.21)‡  0.294  <0.001  

Cardiovascular (501)  1.08 (1.05–1.12)‡   1.12 (1.01–1.24)*  0.055  0.028   1.21 (1.11–1.32)‡  0.212  <0.001  

Noncardiovascular (742)  1.01 (0.99–1.04)   1.03 (0.95–1.12)  0.007  0.45    1.11 (1.03–1.18)†  0.093    0.004  

Fatal and nonfatal events combined           

All cardiovascular (1109)  1.10 (1.07–1.12)‡   1.05 (0.98–1.12)  0.019   0.20   1.16 (1.09–1.23)‡  0.263  <0.001  

Cardiac (618)  1.07 (1.04–1.10)‡   1.03 (0.93–1.13)  0.004  0.57   1.11 (1.02–1.20)*  0.069    0.014  

   Coronary (445)  1.06 (1.02–1.10)†    1.03 (0.92–1.15)  0.003  0.63    1.11 (1.01–1.22)*  0.049    0.038   

Stroke (481)  1.14 (1.10–1.18)‡   1.05 (0.95–1.17)  0.009  0.37   1.18 (1.08–1.30)‡  0.150  <0.001  

All models are randomized for cohort and adjusted for sex, age, body mass index, smoking and drinking, antihypertensive drug intake, serum cholesterol, history of 
cardiovascular disease and diabetes mellitus.  The basic model also includes the level of the 24-h diastolic blood pressure.  Full models include the aforementioned 
covariables and both level and an index of blood pressure load.  Hazard ratios (HR) given with 95% confidence interval (CI) express the risk associated with a 1-decile 
increase in 24-h diastolic blood pressure level or load.  The R2 statistic is a measure for the refinement in risk prediction over and beyond a model including the 24-h 
blood pressure level and the other covariables.  P indicates the significance of the log likelihood ratio test comparing the model including the 24-h blood pressure level 
and covariables and a model additionally including blood pressure load.  The cause of death was unknown in 41 cases.   
Significance of the hazard ratios: * P≤0·05; † P≤0·01; and ‡ P≤0·001.  
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Table S10.   Multivariable-Adjusted Hazard Ratios Associated with Increased 24-H Blood Pressure 
Load in Participants within Different Strata for Fatal and Nonfatal Combined Cardiovascular Events   

Strata 
At Risk 
(n) 

Events 
(n) 

 
Load in Percent  

(systolic/diastolic ≥40.0/42.3%)   
 

Area Under the Curve  
(systolic/diastolic ≥91.8/73.6 mm Hg × h)   

    HR (CI)  R2,%  P   HR (CI)  R2,%  P  

All participants 8711 1109  1.15 (0.96–1.38)   0.024 0.15   1.11 (0.93–1.33)    0.014  0.27  

Women 4096   334  0.95 (0.68–1.33)    0.003  0.72   0.82 (0.59–1.15)    0.038  0.22  

Men 4615   775  1.19 (0.96–1.47)    0.048  0.14   1.20 (0.96–1.48)    0.054  0.12  

<60 years 4868   190  1.57 (1.01–2.43)    0.089   0.038   1.45 (0.95–2.23)    0.060  0.086  

≥60 years 3843   919  1.06 (0.87–1.29)    0.006   0.62   1.03 (0.84–1.25)    0.001  0.81  

Untreated 6812   611  1.09 (0.86–1.37)    0.006  0.54   1.02 (0.81–1.29)  <0.001   0.89   

Treated 1899   498  1.18 (0.89–1.56)    0.060  0.29   1.19 (0.90–1.57)    0.069  0.25  

Asian 1877   255  0.94 (0.64–1.38)    0.006  0.75   0.99 (0.68–1.46)  <0.001   0.97   

European 5396   733  1.22 (0.98–1.53)    0.050  0.10   1.14 (0.92–1.42)    0.020  0.30   

South American 1438   121  1.02 (0.55–1.88)  <0.001  0.96  0.99 (0.54–1.83)  <0.001   0.97   

All models are randomized for cohort and adjusted for sex, age, 24-h systolic and diastolic blood pressure, body mass index, smoking and drink-
ing, antihypertensive drug intake, serum cholesterol, history of cardiovascular disease and diabetes mellitus.  Hazard ratios (HR) given with 95% 
confidence interval (CI) express the risk associated with an elevated blood pressure load.  The R2 statistic is a measure for the refinement in risk 
prediction over and beyond a model including the 24-h level of systolic and diastolic blood pressure and the other covariables.  P indicates the 
significance of the log likelihood ratio test comparing the model including the 24-h blood pressure level and covariables and a model additionally 
including blood pressure load.  
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Figure S1.  Graph of a 24-h ambulatory recording illustrating the calculation of systolic blood pressure load expressed 
in percent or as area under the curve.  

135 mmHg 
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Figure S2.  Frequency distribution of the 24-h systolic blood pressure level (A) and load expressed as percent (B) or 
area under the curve (C) in 8711 participants.  S and K are the coefficients of skewness and kurtosis, respectively; the 
P value is for departure of the actually observed distribution (full line) from normality (dotted line).
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Figure S3.  Frequency distribution of the 24-h diastolic blood pressure level (A) and load expressed as percent (B) or 
area under the curve (C) in 8711 participants.  S and K are the coefficients of skewness and kurtosis, respectively; the 
P value is for departure of the actually observed distribution (full line) from normality (dotted line).   
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Figure S4.  Incidence of mortality (A, B, C) and cardiovascular events (D, E, F) across quartiles of the 24-h diastolic 
blood pressure (BP) level (A, D) and the 24-h BP load expressed as percent (B, E) or as area under the curve (C, F).  
Incidence rates were standardized for center, sex, and age group (<40, 40-60, ≥60 years) by the direct method.  The 
number of events contributing to the rates is presented.  All P-values for trend were significant (P<0.001) except those 
for noncardiovascular mortality (P≥0.16).
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Figure S5.  10-year risk (%) of a composite cardiovascular endpoint in relation to 24-h diastolic blood pressure (BP) 
level (A) and load expressed in percent (B) or as area under the curve (C).  The median of each decile group was 
plotted along the horizontal axis.  Dots represent the risks in deciles of diastolic BP level or load.  These risk estimates 
were derived from a Cox regression model including 9 dummy variables coding for the deciles.  The fitted curve is the 
risk plotted by an ordinal variable coding for the deciles of diastolic BP level or load.  All risk estimates were random-
ized for cohort and standardized to the midpoint (mean or ratio) of the distributions in all participants of sex, age, body 
mass index, smoking and drinking status, antihypertensive drug intake, total cholesterol, history of cardiovascular 
complications and diabetes mellitus.   
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