
994   september 2008 | VOLUme 21 NUmber 9 | 994-1000 | AMERICAN JOURNAL OF HYPERTENSION

nature publishing grouparticles

Background
the 24-h ambulatory blood pressure (Abp) is a stronger predictor of 
cardiovascular disease than conventional blood pressure (Cbp), but it 
remains unclear how it compares with “usual” blood pressure (Ubp), 
estimated after Cbp has been corrected for regression dilution bias 
(rDb).

Methods
We compared the associations of cardiovascular mortality (n = 50), 
cardiovascular events (n = 101), and cardiac events (n = 71) with 
systolic Cbp, Ubp, and Abp over 13 years of follow-up (median) in 1,167 
randomly selected belgians. We estimated the correction factor to 
compute Ubp from Cbp at the midpoint of follow-up (6.5 years) in 723 
untreated individuals without cardiovascular disease.

results
Cardiovascular disease increased across quartiles of systolic Cbp, 
Ubp, and Abp (P for trend ≤0.02). For each 10 mm Hg increment 

in systolic Abp, the multivariate-adjusted hazard ratios for 
cardiovascular mortality and for cardiovascular and cardiac 
events were 1.38, 1.27, and 1.33, respectively (P < 0.001 for all). 
For Cbp, the corresponding hazard ratios were 1.10 (P = 0.21), 1.09 
(P = 0.12), and 1.14 (P = 0.06); and for Ubp, they were 1.18 (P = 0.21), 
1.16 (P = 0.12), and 1.23 (P = 0.06), respectively. the risk function for 
cardiovascular disease in relation to Abp was significantly steeper 
than that for Cbp, but not Ubp. In Cox models, including Cbp or 
Ubp in the presence of Abp, only Abp predicted cardiovascular 
outcomes.

conclusions
Correcting Cbp for rDb resulted in a steeper slope of events on 
blood pressure than observed for Cbp. the association with Ubp was 
not statistically significant and did not enhance the prediction of 
outcome to the level of Abp.
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Throughout middle and old age and in all ethnic groups, blood 
pressure is strongly and directly related to the risk of fatal and 
nonfatal cardiovascular disease.1,2 Estimates of the strength 
of the association of blood pressure with cardiovascular dis-
ease crucially depend on the precision of the methods used 
to measure blood pressure. Until recently, most prospective 
studies have predicted cardiovascular disease outcomes from 
blood pressure measurements recorded on a single occasion. 
Conventional blood pressure (CBP) measurements are subject 
to substantial random fluctuations, partly due to  measurement 

error and the effect of the observer on the individual,3 and partly 
due to biologic variability, such as circadian or seasonal varia-
tion, or changes in blood pressure associated with age, onset of 
disease, or treatment. Consequently, estimation of cardiovas-
cular risk associated with blood pressure recorded on a single 
occasion results in prospective cohort studies in a systematic 
underestimation of the strength of the association of blood pres-
sure with cardiovascular disease. This phenomenon is known as 
“regression dilution bias” (RDB).4–7 Although the mean of two 
blood pressure measurements reduces the impact of RDB, it 
does not eliminate it and repeat blood pressure measurements 
are required at some later visit to quantify and correct for this 
bias. Correction for RDB is carried out by estimation of the 
“usual” blood pressure (UBP), using the mean values of remea-
surements of blood pressure in baseline- defined groups to define 
the degree of “shrinkage” or the regression dilution ratio at about 
the midpoint of follow-up and to correct the coefficients relating 
cardiovascular events to blood pressure in such studies.5

Twenty-four hour ambulatory blood pressure (ABP) moni-
toring allows measurement of blood pressure throughout the 
whole day in individuals engaged in their usual activities.8 ABP 
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measurements have high reproducibility, are not subject to digit 
preference, and avoid the transient rise of a patient’s blood pres-
sure in response to the observer referred to as the “white-coat” 
effect.9 To our knowledge, no previous study has compared the 
predictive value for cardiovascular outcomes of CBP, UBP, and 
24-h ABP. We investigated the strength of the association of 
these different measurements of blood pressure with cardiovas-
cular disease outcomes in a prospective cohort study.

Methods
Study population. From August 1985 to December 2004, 
we recruited a random sample of 2,813 participants from a 
geographically defined area in Northern Belgium into the 
Flemish Study of Environment, Genes and Health Outcomes 
(FLEMENGHO).10 The overall participation rate in the study 
was 64.3%. Among the 2,813 participants, 1,646 were excluded 
because intentionally their nighttime ABP had not been meas-
ured (n = 1,596), or because their daytime (n = 27) or night-
time (n = 23) ABPs were based on the average of <10 or 5 read-
ings, respectively. The present analysis was restricted to 1,167 
participants with complete data (Figure 1). All participants 
provided informed consent to a protocol that was approved by 
the University of Leuven Ethics Committee.

Blood pressure measurement. Trained observers, who partici-
pated in a previously described quality control program,11,12 
visited the participants at home at baseline and at follow-up 
visits. At each visit, CBP was measured five times consecu-
tively, after the subject had rested for at least 5 min in the seated 
position. All participants had systolic and diastolic (phase 5) 
blood pressures recorded to the nearest 2 mm Hg. For partici-
pants with an arm circumference of <32 cm, a standard cuff, 
with an inflatable bladder with a length of 22 cm and a width 
of 12 cm was used to measure blood pressure. For participants 
with a greater arm circumference, cuffs with a 35 × 15 cm blad-
der were used. The mean values of five separate CBP readings 

recorded at each visit were used in the analysis. All participants 
had their height and weight recorded, from which body mass 
index was calculated.

All participants were asked to complete a questionnaire 
seeking information about their medical history, smoking and 
drinking habits, and use of medications. The participants pro-
vided a venous blood sample for the measurement of serum 
total cholesterol. Oscillometric SpaceLabs 90207 monitors 
(SpaceLabs, Redmond, WA), fitted with the same cuff size as 
for the CBP measurements were used to obtain blood pres-
sure readings at intervals of 20 min from 8 am to 10 pm and 
every 45 min from midnight to 6 am. The calibration of these 
devices was checked every 3 months against a mercury col-
umn. We averaged the ABP readings over 24 h, while weight-
ing for the time interval between consecutive readings. Repeat 
measurements of CBP were available at two, three, four, or 
more occasions in 61, 413, 277, and 326 participants, respec-
tively. The ABP was measured only once at baseline, on aver-
age within 3 days (5th to 95th percentile interval, 0–18 days) of 
the  corresponding CBP.

Ascertainment of outcome. We ascertained the vital status 
of all study participants from baseline until 30 June 2005 via 
the National Population Registry (Rijksregister) in Brussels, 
Belgium. We obtained the International Classification of 
Disease codes for the immediate and underlying causes of death 
from the Flemish Registry of Death Certificates (Ministry of the 
Flemish Community, Brussels, Belgium). We collected addi-
tional information on the subjects’ medical history and cause 
of death from the general practitioners, hospital records, and 
at 1,077 follow-up visits between August 1985 and June 2005, 
using the same standardized questionnaire as that adminis-
tered at baseline. Physicians blinded with regard to the par-
ticipants’ blood pressure level validated the diseases reported 
via the death certificates or via the questionnaires against the 
records held by general practitioners and/or hospitals.10

Coronary events included fatal and nonfatal myocardial 
infarction, coronary revascularization, and fatal ischemic 
heart disease other than acute myocardial infarction. Cardiac 
events included fatal and nonfatal heart failure, coronary 
events, and sudden death. Fatal and nonfatal cardiovascular 
events included the cardiac endpoint, fatal and nonfatal stroke 
not including transient ischemic attacks, fatal peripheral arte-
rial disease, aortic aneurysm, cor pulmonale, and pulmonary 
embolism. For all end points, individuals were censored from 
further analysis after the occurrence of a first event.

Statistical analysis. For database management and statistical 
analysis, we used SAS software (SAS Institute, Cary, NC), ver-
sion 9.1.3. We compared means and proportions, using the 
standard normal z-test and the χ2-statistic, respectively.

To explore the plausibility of the Cox model, we plot-
ted incidence rates of cardiovascular events by fourths of the 
blood pressure distributions, while standardizing by the direct 
method for sex and age (<40, 40–60, ≥60 years). Because these 
exploratory analyses revealed that there was no significant 

2,813

1,167

1,077

723

222

Random population sample

Study group
Fatal events available

At least 1 FU measurement of CBP
Nonfatal events available

At least 2-year FU, free of events
and antihypertensive treatment
Derivation of UBP

Multiple FU measurements of CBP
Derivation of RDR

Excluded: 50
<10 day readings: 27
<5 night readings: 23

1,217 24-hour ABP recordings

Figure 1 | Flowchart of the study population. Abp, ambulatory blood pressure; 
Cbp, conventional blood pressure; FU, follow-up; Ubp, usual blood pressure; 
rDr, regression dilution rate.
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association of cardiovascular outcome with diastolic blood 
pressure (P for trend across quartiles >0.10), we restricted 
our analysis to systolic blood pressure. Cox regression mod-
els were used to calculate hazard ratios, while adjusting for 
sex, age, body mass index, smoking and drinking, treatment 
with antihypertensive drugs, and serum total cholesterol. 
The proportional hazards assumption was checked using 
the Kolmogorov-type supremum test, as implemented in the 
PROC PHREG procedure of the SAS package. In addition, 
Cox regression models were used to estimate the probability of 
the 10-year incidence of cardiovascular events.

We estimated the correction factor for RDB from the CBP 
measurements recorded at baseline and at median follow-up in 
723 untreated participants, who remained free of cardiovascular 
disease. These 723 subjects were classified into quartiles of CBP 
at baseline. The mean values of the baseline-defined quartiles 
were used to estimate the mean difference (interquartile range) 
in systolic CBP between the lowest and highest quartiles at 
baseline (∆b) and follow-up (∆fu). The ratio of the two differ-
ences (∆fu/∆b) was then used to estimate the regression dilution 
ratio. To obtain each participant’s usual systolic blood pressure 
(UBPi), we applied the regression dilution ratio derived from 
723 untreated participants, who were free of cardiovascular 
disease, to each of the 1,167 participants’ CBP at baseline. UBPi 
was BPbm + ((∆fu/∆b) × (BPbi − BPbm)), where UBPi indicates 
each individual’s computed usual blood pressure, BPbm is the 
average systolic CBP at baseline and BPbi indicates the baseline 
CBP in each of the 1,167 participants (Figure 2).6 Furthermore, 
as previously suggested by Clarke,5 we estimated RDB, using two 
alternative approaches. First, we regressed the blood pressure at 
follow-up on the baseline blood pressure. Second, using sequen-
tial CBP measurements in 222 untreated subjects free of cardio-
vascular disease, we estimated the regression dilution rate per 
year. Regression dilution rate was computed by regressing the 
sequentially observed correction factors on median follow-up 
time at each available contact. The hazard ratios in Cox regres-
sion in 1,167 participants were corrected for RDB by multiply-
ing the logarithm of the hazard ratios by 1/regression  dilution 
ratio (referred to as a correction factor).

results 
Baseline characteristics of the participants
The 1,167 participants included 592 women (50.7%) and 267 
hypertensive patients (22.9%), of whom 173 were medically 
treated (64.8%). Table 1 shows that compared with women, 
men had higher CBP, and 24-h ABP, and higher serum levels 
of total cholesterol. The prevalence of smoking was also higher 
in men than in women (35% vs. 28.6%), as was the prevalence 
of alcohol consumption (29.2% vs. 6.2%), respectively. Among 
smokers, the median tobacco use was 15 cigarettes/day (inter-
quartile range, 10–22). Among drinkers, the median daily 
alcohol consumption was 20 g (10–31). 

estimation of uBPi
Figure 2 shows the average systolic CBP at baseline and at 
follow-up across quartiles of the systolic CBP defined at base-
line. The median interval between the two home visits was 

Characteristic Baseline Follow-up

Quartiles at baseline, mm Hg

<110.8

110.8–119.5

119.6–130.3

≥130.4

105.3 ± 14.8

115.1 ± 12.7

124.5 ± 13.0

144.0 ± 12.7

38.7 (∆b) 23.8 (∆fu)

117.1 ± 11.1

123.1 ± 12.8

129.5 ± 12.9

140.9 ± 16.0

Interquartile range, mm Hg

Plus-minus values are the within-quartile means (± SD) of systolic
blood pressure.

Mean at baseline (BPbm)

Usual (UBPi)

Measured at baseline
in each individual (BPbi)

Systolic blood pressure (mm Hg)

92

20.0

17.5

15.0

12.5
%

10.0

7.5

5.0

2.5

108 124 140 156 172 188 204

Figure 2 | Derivation in 723 untreated individuals without cardiovascular disease of the regression dilution ratio (∆fu/∆b). When applied to the entire group of 
1,167 participants, this ratio enabled the derivation of each individual’s usual blood pressure according to the formula: Ubpi = bpbm + ((∆fu/∆b) × (bpbi − bpbm)).

table 1 | characteristics of study participants at baseline

Women  
(n = 592) 

Men  
(n = 575) 

All  
(n = 1,167)

Age, years 48.7 ± 14.5 49.0 ± 14.8 48.8 ± 14.7

smokers, n (%) 169 (28.6) 201 (35.0) 370 (32.0)

Drinkers, n (%) 38 (6.6) 168 (30.2) 206 (18.2)

Antihypertensive treatment, n (%) 105 (17.8) 68 (11.9) 173 (14.9) 

Diabetes, n (%) 21 (1.8) 15 (1.3) 36 (3.1) 

blood pressure

 Conventional systolic (mm Hg) 123 ± 17 128 ± 17 126 ± 17 

 Conventional diastolic (mm Hg) 75 ± 10 78 ± 11 77 ± 10 

 24-h systolic (mm Hg) 117 ± 11 121 ± 11 119 ± 11 

 24-h diastolic (mm Hg) 70 ± 7 73 ± 8 71 ± 8 

body mass index (kg/m2) 25.8 ± 4.9 26.0 ± 3.6 25.9 ± 4.2 

total cholesterol (mmol/l) 5.8 ± 1.2 5.6 ± 1.1 5.7 ± 1.1 

Values are mean (±s.d.) or number of subjects (%). All sex differences were statistically 
significant (P < 0.05), except for age (P = 0.80), diabetes (P = 0.35) and body mass index 
(P = 0.42).
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6.5 years (range, 2.8–12.2). The mean difference between the 
lowest and highest quartile was 38.7 mm Hg at baseline (∆b) 
and 23.8 mm Hg at follow-up (∆fu), and hence the regression 
dilution ratio (∆fu/∆b) was 0.61. The correction factor used to 
account for RDB was 1.63 (1/0.61). In the same population, 
the slope (± s.e.) of systolic CBP at follow-up on systolic CBP 
at baseline was 0.58 ± 0.03 (P < 0.0001), which corresponded 
closely with 0.61.

incidence of end points
Median follow-up duration was 13 years (5th to 95th per-
centile interval, 0.8–16 years). Among 137 deaths, 50 
(37.2%) were due to cardiovascular causes. Among the 101 
first cardiovascular events, there were 72 cardiac events, 24 
strokes, 3 cases of fatal peripheral arterial disease, 1 case of 

fatal cor pulmonale, and 1 case of a fatal pulmonary embo-
lism. Cardiac diseases consisted of 9 fatal and 16 nonfatal 
cases of acute myocardial infarction, 3 fatal cases of isch-
emic heart disease other than myocardial infarction, 4 sud-
den deaths, 8 fatal and 11 nonfatal cases of heart failure, 2 
cases of fatal valvular heart disease, and 19 cases of coronary 
revascularization.

cardiovascular outcome in relation to systolic blood pressure
Figure 3 shows significant positive associations of all car-
diovascular end points with systolic CBP (P for trend = 
0.005), systolic UBP (P = 0.005), and 24-h systolic ABP  
(P = 0.02). Table 2 shows that in Cox models only adjusted 
for sex and age, systolic blood pressure was a significant 
predictor of cardiovascular mortality and of cardiovascu-
lar and cardiac events on 24-h ABP recording (0.0003 ≤ P 
≤ 0.0005), but not on CBP measurement. These associa-
tions were not materially altered by additional adjustment 
for body mass index, total cholesterol, smoking, alcohol 
consumption, and antihypertensive treatment (Table 2). For 
each 10 mm Hg increment in 24-h systolic ABP, the risk of 
cardiovascular mortality, and of cardiovascular and cardiac 
events increased by 38% (P = 0.0009), 27% (P = 0.0008), and 
33% (P = 0.0006), respectively. The corresponding risk esti-
mates for CBP were 10% (P = 0.21), 9% (P = 0.12), and 14% 
(P = 0.06), reaching borderline significance only for cardiac 
events (Table 2). The hazard ratios for UBP were intermedi-
ate between those for 24-h ABP and CBP, but by definition 
had the same significance levels as those for CBP (Table 2). 
In models, which included either CBP or UBP in addition to 
24-h ABP, only 24-h ABP was a significant predictor of car-
diovascular outcomes.

table 2 | hazard ratios for a 10 mm hg increase in systolic blood pressure in 1,167 participants

Cardiovascular mortality (n = 50) Cardiovascular events (n = 101) Cardiac events (n = 71)

HR (95 CI%) P HR (95 CI%) P HR (95 CI%) P

Conventional 

 minimal adjustment 1.08 (0.93–1.26) 0.30 1.06 (0.96–1.18) 0.24 1.09 (0.95-1.24) 0.14

 Full adjustment 1.10 (0.94–1.29) 0.21 1.09 (0.98–1.22) 0.12 1.14 (1.00-1.29) 0.057

 Full adjustment + 24 h 0.96 (0.79–1.16) 0.67 0.98 (0.86–1.13) 0.82 1.01 (0.86-1.20) 0.87

Usual   

 minimal adjustment 1.14 (0.89–1.45) 0.30 1.10 (0.93–1.32) 0.24 1.16 (0.95-1.42) 0.24

 Full adjustment 1.18 (0.90–1.52) 0.21 1.16 (0.97–1.31) 0.12 1.23 (1.00-1.51) 0.057

 Full adjustment + 24 h 0.93 (0.69–1.27) 0.67 0.97 (0.78–1.22) 0.82 1.02 (0.78-1.33) 0.87

24 h

 minimal adjustment 1.42 (1.17–1.71) 0.0003 1.29 (1.12–1.49) 0.0005 1.34 (1.14-1.60) 0.0004

 Full adjustment 1.38 (1.14–1.68) 0.0009 1.27 (1.10–1.45) 0.0008 1.33 (1.13-1.55) 0.0006

 Full adjustment + conventional 1.42 (1.14–1.77) 0.002 1.28 (1.08–1.51) 0.003 1.32 (1.08-1.60) 0.006

 Full adjustment + usual 1.42 (1.14–1.77) 0.002 1.28 (1.08–1.51) 0.003 1.32 (1.08-1.60) 0.006

Minimal adjustment accounts for sex and age. Fully adjusted models additionally included body mass index, smoking, drinking alcohol, total cholesterol, and antihypertensive treatment. 
Additional adjustment for diabetes mellitus did not alter the results.
CI, confidence interval; HR, hazard ratio.
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Figure 3 | Incidence of fatal and nonfatal cardiovascular events across 
quartiles of conventional, usual and 24-h ambulatory systolic blood pressure 
at baseline. rates, expressed as events per 1,000 person-years (with 95% 
confidence intervals), were standardized by the direct method for sex and 
age (<40, 40–60, ≥60 years). Numbers indicate the events in each quartile. the 
P value is for linear trend.
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Figure 4 illustrates the 10-year multivariate-adjusted risk 
of cardiovascular mortality, and of cardiovascular and cardiac 
events associated with each type of systolic blood pressure. 
Comparison of the parameter estimates showed that the risk 
of cardiovascular mortality (P = 0.03), and of cardiovascular 
(P = 0.05) and cardiac (P = 0.10) events tended to be higher 
per unit increase in 24-h ABP than CBP. Comparisons of 
the parameter estimates between the 24-h ABP and UBP did 
not reach statistical significance (0.08 ≤ P ≤ 0.22). For all end 
points, the −2 log likelihood statistics for fully adjusted models 
containing UBP did not differ from the −2 log likelihood values 
associated with similarly adjusted models containing CBP. The 
differences between −2 log likelihood statistics associated with 
the fully adjusted models containing ABP and those containing 
either CBP or UBP were statistically significant (P ≤ 0.0073).

sensitivity analyses
In a subgroup of 1,077 participants with at least one follow-up 
assessment of blood pressure and cardiovascular risk factors, 
we adjusted our Cox models for the time-dependent change 

in risk profile (body mass index, smoking and drinking habits, 
total cholesterol, and antihypertensive treatment). The time-
dependent adjustment for the aforementioned covariates did 
not alter our results and in particular did not decrease the pre-
dictive power of the 24-h systolic ABP.

In 222 participants remaining free from cardiovascular 
events and antihypertensive treatment, four follow-up vis-
its were available. The estimated regression dilution rate was 
0.01/year, starting from the baseline correction factor of 1.57 
(Table 3). Using this approach, we confirmed that the cor-
rection factor for blood pressure values obtained at a 6.5-year 
interval was 1.63. The correction factor for median duration 
of follow-up (13 years) was 1.7. Thus, results were consistent, 
irrespective of the method to correct for RDB.

discussion
This study showed that 24-h ABP is a better predictor of car-
diovascular disease outcomes than the so-called UBP, which 
adjusts CBP for RDB. The results of this study confirm the 
conclusions of previous studies, which reported that in both 

table 3 | statistical parameters used to correct systolic blood pressure for regression dilution bias

Parameter Baseline 7 days 5.4 years 11.0 years 14.8 years 

mean ± s.d.

 <112.4 108.3 ± 4.1 110.3 ± 7.9 113.7 ± 11.5 116.3 ± 9.8 117.9 ± 11.1 

 112.4–120.0 117.3 ± 2.3 117.2 ± 6.8 117.6 ± 9.2 122.5 ± 11.3 121.9 ± 11.4 

 120.1–128.4 124.0 ± 2.6 129.9 ± 7.2 121.9 ± 11.1 124.0 ± 15.0 125.8 ± 14.5 

 ≥128.4 139.6 ± 8.8 130.4 ± 10.1 133.1 ± 14.3 133.5 ± 13.5 136.7 ± 15.0 

Interquartile range (mm Hg) 31.3 20.2 19.4 17.2 18.8 

Correction factor

 Observed (∆b/∆fu) — 1.55 1.61 1.82 1.67 

 based on regression dilution rate — 1.57 1.62 1.68 1.72 

The interquartile range is the difference between the means of systolic blood pressure between the bottom and top quartiles. ∆b/∆fu indicates the ratio of the interquartile range at 
baseline to that at follow-up. The regression dilution rate was computed by regression of the observed correction factors on median follow-up time (7 days, 5.4 years, 11.0 years, and 
14.8 years). The number of subjects free of cardiovascular disease and blood pressure lowering drugs was 222.

Figure 4 | ten-year risk (with 95% confidence interval) of a fatal or nonfatal cardiovascular event, associated with conventional (Cbp), usual (Ubp), and 24-h 
systolic blood pressure (sbp). risk functions are plotted for the 5th to 95th percentile of systolic blood pressure and were adjusted for sex, age, body mass index, 
smoking, drinking, total cholesterol, and antihypertensive treatment. the log (risk function) for Cbp (or Ubp) = 0.009 (or 0.015) × sbp + 0.09 × mean age + 0.51 
× male sex (1 vs. 0) + 0.19 × mean total cholesterol + 0.48 × smoking (1 vs. 0) − 0.03 × mean body mass index − 0.43 × drinking (1 vs. 0) + 0.15 antihypertensive 
treatment (1 vs. 0). For 24-h bp, the log (risk function) = 0.024 × sbp + 0.08 × mean age + 0.51 × male sex + 0.20 × mean total cholesterol + 0.38 × smoking − 0.03 × 
mean body mass index − 0.39 drinking + 0.20 × antihypertensive treatment.
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middle-aged and older people, systolic blood pressure is a bet-
ter predictor of cardiovascular complications than diastolic 
blood pressure,1,2 and that ABP is also superior to CBP for 
each cardiovascular outcome. Indeed, the results of this study 
were true not only for fatal cardiovascular events, but also for 
fatal and nonfatal cardiovascular end points combined.

Over a century ago, Sir Francis Galton was the first to 
describe the phenomenon of the so-called regression to the 
mean, in which values at the extremes of a distribution are 
likely to be closer to the mean on remeasurement.13 More 
recently, it was observed, that the magnitude of the bias is 
greater at longer intervals between measurements.5 Blood 
pressure measurements showing less variation about the popu-
lation mean are believed to provide a more precise estimate of 
the participant’s “real” blood pressure or UBP.14,15 Because the 
magnitude of this bias increases at longer intervals between 
measurements, it is important to correct for bias for the appro-
priate duration of follow-up in prospective studies.

Cardiovascular disease and antihypertensive medica-
tions reduce blood pressure. In this study, we therefore cal-
culated the correction factor in 723 untreated participants 
who remained free from cardiovascular disease. Next, we 
applied the so-obtained correction factor to adjust the rela-
tion between cardiovascular outcome and systolic CBP at 
baseline in all 1,167 participants. We estimated that any such 
relation should be 63% steeper for the systolic UBP than CBP. 
Furthermore, using data from repeated assessments, we cal-
culated the regression dilution rate of 0.01/year for systolic 
blood pressure and used this to estimate the regression dilu-
tion ratio at median follow-up. We then compared the predic-
tive value of CBP, UBP, and ABP measurements and found 
that for all endpoints under study, 24-h ABP, both in mini-
mally and fully adjusted analyses was a significant predictor 
of cardiovascular disease outcomes and remained so even 
after additional adjustment for CBP or UBP. In the sensitiv-
ity analyses, we also adjusted this relation for time-dependent 
changes in other cardiovascular risk factors, including body 
mass index, smoking and drinking habits, total cholesterol, 
and antihypertensive treatment. The sensitivity analysis pro-
duced consistent results.

The assessment of absolute risk of cardiovascular disease fur-
thermore showed that, for instance for a systolic blood  pressure 
of 140 mm Hg, estimates of absolute risk differed according 
to the method, by which blood pressure was measured. The 
10-year risks of experiencing a fatal or nonfatal cardiovascular 
event were 4.4% at the age of 50 years, and 10.2% at 60 years, 
when blood pressure was measured conventionally. Correction 
for RDB raised these estimates to 4.8 and 11.1%, respectively. 
However, when risk estimates were derived from 24-h ABP 
measurement, these values increased to 6.6 and 15.2%.

This study illustrates the value of ABP measurement for 
the prediction of cardiovascular outcomes and confirms the 
results of previous studies comparing CBP with ABP measure-
ments for prediction of cardiovascular outcomes in hyper-
tensive patients16,17 or random population samples.18–20 
The Ohasama study followed 1,332 subjects for 10.8 years 

on  average.18 During that time, 72 cardiovascular deaths 
occurred. Compared with CBP, ABP was a better predictor of 
cardiovascular and all-cause mortality and stroke.18 The ABP 
monitoring project embedded in the Danish MONICA study 
followed 1,700 participants for an average time of 9.5 years.19 
During follow-up 174 deaths occurred, 63 of which were due 
to cardiovascular causes. Both systolic and diastolic ABP were 
better predictors of total and cardiovascular mortality than 
CBP.19 The PAMELA study included 2,051 participants ran-
domly drawn from the population of Monza.20 During a mean 
follow-up time of 10.9 years, 186 deaths, of which 56 were car-
diovascular, accrued. On the basis of the goodness-of-fit anal-
ysis, the Italian researchers stated that ABP was not superior 
to CBP in predicting mortality, but that the slope of the rela-
tion was steeper for ABP than CBP.20 The PAMELA investiga-
tors did not adjust for sex, age, or any other cardiovascular risk 
factor.20 None of the aforementioned population studies18–20 
included intermediate assessments of the participants, which 
are required to evaluate RDB or to adjust for time-dependent 
covariates, or accounted for nonfatal cardiac events. This 
affects the generalizability of their findings,18–20 because coro-
nary care units, thrombolysis, and invasive surgical and trans-
luminal arterial procedures drastically reduce the case-fatality 
rate of cardiac events.

This study must be interpreted within the context of its limi-
tations. First, in comparison with other prospective studies, the 
number of deaths and incident cardiovascular complications 
was relatively low. Second, there were no repeat measurements 
of ABP to assess the RDB associated with ABP. Furthermore, 
in long-term surveys, the definition of events may be less pre-
cise than in short-term studies or trials, in which end points 
are collected from a single source. Nevertheless, the results of 
the present study were consistent across all events considered 
in the analyses.

In conclusion, this study showed that systolic ABP pre-
dicted the incidence of fatal and nonfatal cardiovascular com-
plications in a general population over and beyond CBP and 
UBP. ABP was a stronger predictor than both CBP and UBP. 
However, correcting CBP for RDB resulted in a steeper slope 
of events on blood pressure than observed for CBP, but the 
association with UBP was not statistically significant and did 
not enhance the prediction of outcome to the level of ABP.
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