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Prognostic significance of ambulatory blood pressure in
hypertensive patients with history of cardiovascular disease
Robert H. Fagarda, Lutgarde Thijsa, Jan A. Staessena, Denis L. Clementb,
Marc L. De Buyzereb and Dirk A. De Bacquerc

Objective To assess the prognostic significance of

nighttime and daytime blood pressure (BP), their ratio and

the nighttime dipping pattern for mortality and recurrent

cardiovascular (CV) events in patients with CV disease

at baseline.

Background The prognostic value of ambulatory BP has

not been reported in hypertensive patients with a history

of CV disease.

Methods We performed a meta-analysis on individual data

of 302 patients with hypertension and CV disease from

three prospective studies performed in Europe.

Results Age of the patients averaged 69 ± 9 years; 50%

were men and 62% were under antihypertensive treatment

at the time of ambulatory BP monitoring. Office, daytime

and nighttime BP averaged 161 ± 20/86 ± 12, 144 ± 16/

83 ± 11 and 132 ± 18/72 ± 12 mmHg. Total follow-up time

amounted to 2049 patient – years. Multivariable Cox

regression analysis revealed that nighttime BP, but not

daytime BP significantly predicted CV mortality (Pr 0.05)

and major CV events (Pr0.01) after adjustment for office

BP and other confounders. When both nighttime and

daytime BP were entered into the models, the predictive

power of nighttime BP remained significant (Pr0.05);

daytime BP did not add prognostic precision to nighttime

BP. The systolic nightday BP ratio predicted all outcomes,

and outcome was significantly worse in reverse dippers

and nondippers than in dippers, both before and after

adjustment for 24-h BP (Pr0.05).

Conclusion Nighttime BP is the better predictor of death

and recurrent CV events in hypertensive patients with

a history of CV disease. The night–day BP ratio and

the dipping pattern significantly predict outcome,

even after adjustment for 24-h BP. Blood Press Monit
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Introduction
Ambulatory blood pressure (ABP) monitoring (ABPM)

has become increasingly important for the management

of patients with hypertension [1–3]. Most studies have

shown that ABP is a better predictor of morbidity and

mortality than office BP (OBP) [4,5]. Studies have been

performed in the general population [6–12], in elderly

[13], in primary care [14], in hypertensive patients in

general [15–21], in older patients with systolic–diastolic

or isolated systolic hypertension [22–25] and in refractory

hypertension [26]. Patients with cardiovascular (CV)

disease were included in a number of these studies, but

no study has separately reported on the prognostic value

of ABP in patients with complicated hypertension. In

addition, there is still debate on the relative importance

of daytime and nighttime ABP and on the prognostic

significance of the night–day BP ratio and the dipping

pattern [1–5]. To assess the prognostic significance of

daytime and nighttime ABP, the night–day BP ratio and

the dipping pattern in hypertensive patients with a

history of CV disease, we pooled the individual data

of hypertensive patients from three prospective studies,

performed in Europe and coordinated in Belgium, and in

which patients with a history of CV disease were included

[14,19,22]. Common features of the three studies were

that both fatal and nonfatal events were registered during

prospective follow-up and that endpoint committees

used the same criteria for validation of the events. We

report on the prognostic value of daytime and nighttime

ABP, their ratio and the dipping pattern, for all-cause and

CV mortality, and for an aggregate of major fatal and

nonfatal CV events, that is CV death, myocardial

infarction and stroke.

Methods
We used data from the Belgian Ambulatory Blood

Pressure Monitoring database [27], which contains

individual data of hypertensive patients from four studies
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performed in Europe and coordinated at the universities

of Ghent [19] or Leuven [14,18,22]. Inclusion and

exclusion criteria and results on the prognostic signifi-

cance of various aspects of ABP in these studies have

been reported earlier [14,18,19,22,23,28,29]. We recently

reported on the prognostic significance of ABP in

hypertensive patients without major CV disease at

baseline [27]. The current meta-analysis is restricted to

three of the four studies, which included patients with

a history of CV disease [14,19,22]. Patients with severe

coexisting disease, debilitating illness, dementia and

impairment of renal function were usually excluded

from these studies. History of CV disease comprises

coronary heart disease (CHD; myocardial infarction,

angina pectoris), cerebrovascular disease (CeVD;

stroke; transient ischaemic attack) and congestive heart

failure (CHF). The diagnosis was based on supporting

documents and examinations available to the local

investigators. The individual studies were approved by

institutional review committees and patients gave

informed consent.

The Office versus Ambulatory Blood Pressure study [19]

included patients who had been treated with antihyper-

tensive drugs for more than or equal to 3 months by

the time of the inclusion visit. Prerequisite for inclusion

was documented hypertension, defined as diastolic BP

(DBP) greater than 90 mmHg under treatment or greater

than 95 mmHg without treatment, at two separate visits

before the enrollment visit. The total number of

recruited patients amounted to 1963, of which 115 had

a history of CV disease. Follow-up amounted to 6.5 years

after the end of the study inclusion period. The Systolic

Hypertension in Europe trial randomized 4695 patients

who were more than 60 years old and had a systolic BP

(SBP) of 160–219 mmHg with a DBP less than 95 mmHg

during the placebo run-in period [22,23,28]. ABPM was

performed in 1108 patients, that is, during the run-in

period in 695 patients, and, shortly after randomization,

during active treatment in 226 patients and during

placebo in 187 patients; 27 of the latter patients were

excluded because of normal OBP at the time of ABPM.

After the end of the double-blind phase of the trial, all

patients received active study drugs and follow-up was

extended by 5 years [29]. One hundred and twenty-four

patients were included in the current meta-analysis. The

third study was carried out in more than or equal to 60-

year-old patients, registered in one primary care practice

in Flanders, Belgium, irrespective of BP [14]. This study

included 462 patients of whom 12 were bedridden,

demented or admitted in a home for sick elderly people.

ABPM was performed in 383 of the remaining patients,

of whom 251 were hypertensive based on clinic SBP

greater than or equal to 140 mmHg or DBP greater than or

equal to 90 mmHg or taking antihypertensive therapy;

63 had CV disease at baseline. Follow-up amounted to

10 years after the end of the baseline examination period.

Blood pressure

OBP was the average of two [22] or three [14,19] BPs

measured in the sitting position by the auscultatory

technique using the 5th Korotkoff sound for DBP, during

the baseline visit, closest to ABPM. ABP was monitored

during 24 h, by use of validated devices. BP was measured

every 15 min [14] or at intervals of not more than 30 min

[19,22] during daytime and every 30 min [14], or at

intervals of not more than 60 min [19,22] during the

night. In the current analysis daytime ABP was the

average BP from 10 : 00 to 18 : 00 h and nighttime ABP

was the average BP from midnight to 06 : 00 h, which

corresponds well with the actual awake and asleep ABP

[30]. We calculated the night–day BP ratio and classified

the patients by the night–day SBP ratio as follows: reverse

dippers if the ratio was greater than 1.0, nondippers if

lesser than or equal to 1.0 and greater than 0.9, dippers

if lesser than or equal to 0.9 and greater than 0.8 and

extreme dippers if lesser than or equal to 0.8 [24]; the

category of all dippers comprises dippers and extreme

dippers.

Outcomes

Outcome variables were: (i) All-cause mortality. (ii) CV

mortality, including all fatal CV events and sudden death.

(iii) An aggregate of major CV events including CV death,

fatal and nonfatal myocardial infarction and stroke.

Sudden death included any death of unknown origin

occurring immediately or within 24 h of the onset of acute

symptoms, as well as unattended death for which no

likely cause could be established. Myocardial infarction

was defined as two of the following three disorders:

typical chest pain, electrocardiographic changes and

increased cardiac enzymes. Stroke was defined as a

neurological deficit with symptoms continuing for more

than 24 h or leading to death with no apparent cause

other than vascular. All events that occurred during

follow-up were corroborated by the study endpoint

committees, using the same diagnostic criteria. One of

the authors (R.H.F) took part in the three committees.

Statistical analysis

Database management and statistical analyses were

performed using SAS software, version 8.2 (SAS Institute

Inc., Cary, North Carolina, USA). Individual patient data

were pooled for the meta-analysis. Data are reported

as mean ± standard deviation or as percentage. Differences

among groups were analysed by analysis of variance and

Scheffé’s multiple means test. The w2 test was used for

categorical data. We used Cox proportional hazards

regression analysis to assess the prognostic significance

of the various BPs, after testing the proportional hazards

assumption. All analyses were stratified by study. For

patients who experienced multiple CV events, analysis

was restricted to the first event under study. The hazard

ratio (HR) represents the risk associated with a one

standard deviation increment in BP. In multivariable Cox
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regression analysis, we adjusted for age, sex, smoking,

serum total cholesterol, diabetes, antihypertensive treat-

ment at the time of ABPM, and history of CHD, CeVD or

CHF. To assess whether the effect was independent from

other BP measurements, we performed additional adjust-

ments for other BPs. We also tested whether the effect of

BP on outcome differed among the studies by inclusion

of an appropriate interaction term in the Cox models.

Finally, we assessed the outcome of reverse dippers and

nondippers versus all dippers. A two-tailed P value lesser

than or equal to 0.05 was considered significant.

Results
Patient characteristics at baseline

The three studies included in the current meta-analysis

comprised 3295 hypertensive patients, of whom 302

patients had a history of one or more of the following CV

complications: myocardial infarction (n = 109); angina

pectoris (n = 104); congestive heart failure (n = 51);

stroke (n = 65); transient ischaemic attack (n = 38).

Table 1 summarizes the general characteristics of the

included patients, for each study and for the three studies

combined. Age ranged from 34 to 96 years and averaged

69.2 ± 9.2 years; 50.3% were men; 9.3% were current

smokers; 14.9% had diabetes and 61.9% were under

antihypertensive treatment at the time of ABPM. Overall

OBP averaged 161 ± 20/86 ± 12 mmHg, daytime ABP

144 ± 16/83 ± 11 mmHg and nighttime ABP 132 ± 18/

72 ± 12 mmHg.

Follow-up

Table 2 summarizes follow-up time and the total number

of events during follow-up in the 302 patients with CV

disease at baseline, including first and subsequent events.

Median follow-up was 6.76 years and total follow-up time

amounted to 2049 patient-years. Overall, 91 patients

died, 58 patients from a CV cause; 20 patients suffered a

nonfatal myocardial infarction and 21 patients a nonfatal

stroke. Eighty-four first occurring CV events, that is 47

deaths (CHD: 26; CHF: 12; stroke: five; other: four) and

37 nonfatal CV events (myocardial infarction: 19; stroke:

18) were present.

The database of 3295 hypertensive patients included

2993 patients without CV disease at baseline. These

patients were younger (61.4 ± 13.0 years; P < 0.001) and

comprised slightly less men (44.9%; P = 0.07) and less

diabetics (9.1%; P = 0.001) and more smokers (13.4%;

P < 0.05) and treated patients (69.9%; P < 0.01) than

the patients with CV complications. Their OBP averaged

158 ± 20/90 ± 11 mmHg, daytime ABP 143 ± 17/86 ±

11 mmHg and nighttime ABP 130 ± 17/75 ± 12 mmHg

(P < 0.001 for the DBPs). Patients with CV disease at

baseline were at higher risk than patients without CV

disease. The HR, adjusted for age, sex, systolic OBP,

smoking, antihypertensive treatment, cholesterol and

diabetes, amounted to 1.72 [95% confidence interval

Table 1 Patient characteristics at baseline for each study and for the three studies combined

OvA Syst-Eur I Care All

Number of patients 115 124 63 302
Age (years) 64.6 ± 10.5 71.4 ± 6.3 73.1 ± 8.1 69.2 ± 9.2
Sex (% men) 60 46 41 50.3
Body mass index (kg/m2) 27.6 ± 4.2 27.9 ± 4.9 26.8 ± 3.7 27.5 ± 4.4
Current smoking (%) 13.0 5.6 9.5 9.3
Serum cholesterol (mg/dl) 233 ± 60 234 ± 42 241 ± 47 235 ± 51
Diabetes (%) 17.4 12.1 15.9 14.9
Antihypertensive treatment (%) 100 29.0 57.1 61.9
Blood pressure (mmHg)

Systolic-office 159.2 ± 23.1 165.5 ± 17.9 153.4 ± 17.7 160.6 ± 20.4
Daytime 141.0 ± 16.5 151.2 ± 14.4 135.0 ± 14.1 144.0 ± 16.5
Nighttime 131.5 ± 17.4 135.0 ± 17.5 124.7 ± 18.4 132.5 ± 18.0
Night–day ratio 0.934 ± 0.083 0.893 ± 0.102 0.925 ± 0.105 0.907 ± 0.085

Diastolic-office 93.3 ± 12.9 83.5 ± 8.3 78.7 ± 11.1 86.2 ± 12.3
Daytime 86.8 ± 12.7 82.6 ± 8.9 76.0 ± 10.0 82.9 ± 11.4
Nighttime 78.0 ± 11.9 69.8 ± 10.5 65.8 ± 11.0 72.1 ± 12.2
Night–day ratio 0.907 ± 0.155 0.846 ± 0.111 0.869 ± 0.122 0.866 ± 0.095

Values are mean ± standard deviation, or percentages.
I Care, primary care; OvA, Office versus Ambulatory Blood Pressure study; Syst-Eur, Systolic Hypertension in Europe trial.

Table 2 Follow-up time and total number of events, including first
and subsequent events, during follow-up for each study and for the
three studies combined

OvA Syst-Eur I Care All

Follow-up time (year)
Median 5.87 6.90 8.23 6.76
Range 0.51–8.91 0.28–12.6 0.50–13.0 0.28–13.0
Total 675 856 518 2049

Death (number)
All cause 20 35 36 91
Cardiovascular 14 25 19 58

CHD 7 19 4 30
CHF 2 4 8 14
Stroke 2 1 6 9
Other 3 1 1 5

Nonfatal CV events (number)
Myocardial infarction 3 14 3 20
Stroke 6 7 8 21

I Care, primary care; CHD: coronary heart disease; CHF: congestive heart failure;
CV: cardiovascular; OvA, Office versus Ambulatory Blood Pressure study; Syst-
Eur, Systolic Hypertension in Europe trial.
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(CI): 1.34–2.20] for all-cause mortality, 2.82 (95% CI:

2.04–3.90) for CV mortality and 2.42 (95% CI: 1.86–3.14)

for CV events (P < 0.001 for all). The HR was not

significant for non-CV mortality (0.96 (95% CI: 0.64–

1.43)).

Prognostic significance of daytime and nighttime

blood pressure

Table 3 summarizes the HRs of the relationships of,

respectively, OBP and daytime, nighttime and 24-h ABP

with the study endpoints, with adjustment for the other

covariates, and with and without additional adjustment

for OBP for daytime, nighttime and 24-h ABP. With full

adjustment, nighttime SBP significantly and indepen-

dently predicted CV death and CV events, but not all-

cause mortality (P = 0.06); nighttime DBP only predicted

the incidence of CV events. OBP and daytime ABP did

not carry significant prognostic information.

Among the other covariates age, male sex, smoking and

diabetes at baseline predicted outcome to various extents

in the different models. Antihypertensive treatment at

the time of ABPM was not a significant predictor of

events. The interaction terms of the various ABPs with

studies were never significant.

Table 4 gives the HRs when both daytime and nighttime

ABP were included in the models, together with the

other covariates. Nighttime SBP and DBP significantly

predicted all-cause mortality, CV death and CV events;

daytime ABP did not add prognostic precision to night-

time ABP.

Prognostic significance of the night–day blood

pressure ratio

Table 5 gives the adjusted HRs of the relationships of

the night–day BP ratio with outcome. A higher night–day SBP

ratio was associated with higher mortality and a greater

incidence of CV events, both before and after adjustment

for 24-hour ABP. This was not the case for DBP.

Baseline characteristics and prognosis according

to dipping status

Table 6 summarizes the baseline characteristics of reverse

dippers, nondippers and all dippers, and the number of

events with occurred in each subgroup. The groups did

not differ with regard to age, sex, body mass index,

smoking, diabetes and antihypertensive treatment at

Table 3 Adjusted hazard ratios for death and cardiovascular events with office blood pressure, and daytime, nighttime and 24-h blood
pressure, before and after additional adjustment for office blood pressure

Unadjusted for office BP Adjusted for office BP

Death CV death CV events Death CV death CV events

N of events systolic BP 91 58 84 91 58 84
Office 1.10 1.09 1.04

(0.87–1.39) (0.81–1.45) (0.82–1.32)
Daytime 1.01 1.09 1.04 0.97 1.06 1.03

(0.78–1.31) (0.79–1.50) (0.80–1.36) (0.74–1.28) (0.75–1.49) (0.77–1.36)
Nighttime 1.26* 1.40** 1.32** 1.24 1.41* 1.34**

(1.02–1.56) (1.08–1.81) (1.06–1.65) (0.99–1.56) (1.06–1.87) (1.06–1.69)
24 h 1.12 1.23 1.19 1.09 1.23 1.20

(0.88–1.44) (0.91–1.66) (0.92–1.53) (0.84–1.43) (0.88–1.71) (0.91–1.58)
Diastolic BP

Office 1.08 1.10 0.90
(0.84–1.38) (0.80–1.50) (0.69–1.17)

Daytime 0.99 0.99 1.04 0.97 0.97 1.08
(0.77–1.28) (0.72–1.36) (0.81–1.34) (0.74–1.26) (0.70–1.34) (0.83–1.40)

Nighttime 1.25 1.35 1.32* 1.23 1.33 1.38**
(0.87–1.60) (0.99–1.83) (1.02–1.71) (0.94–1.60) (0.97–1.83) (1.07–1.80)

24 h 1.09 1.09 1.16 1.07 1.06 1.21
(0.83–1.43) (0.77–1.53) (0.88–1.52) (0.80–1.42) (0.75–1.52) (0.92–1.61)

Data are hazard ratios (95% confidence interval) for each one standard deviation higher blood pressure, stratified for study and adjusted for age, sex, smoking, total
cholesterol, diabetes, antihypertensive treatment, history of coronary heart disease, cerebrovascular disease and congestive heart failure, and, in addition, for office blood
pressure.
Significance of hazard ratios: *Pr0.05; **Pr0.01.
BP, blood pressure; CV, cardiovascular; N, number.

Table 4 Adjusted hazard ratios for death and cardiovascular
events with simultaneous inclusion of daytime and nighttime blood
pressure in the models

Death CV death CV events

Systolic BP
Daytime 0.81 0.80 0.80

(0.58–1.13) (0.52–1.22) (0.57–1.12)
Nighttime 1.41** 1.57** 1.49**

(1.07–1.85) (1.12–2.19) (1.13–1.98)
Diastolic BP

Daytime 0.89 0.86 0.91
(0.67–1.17) (0.63–1.20) (0.69–1.20)

Nighttime 1.32* 1.43* 1.38*
(1.00–1.74) (1.03–2.00) (1.04–1.83)

Data are hazard ratios (95% confidence intervals) for each one standard deviation
higher blood pressure, stratified for study and adjusted for age, sex, smoking,
total cholesterol, diabetes, antihypertensive treatment and history of coronary
heart disease, cerebrovascular disease and congestive heart failure and the other
blood pressure.
Significance of hazard ratios: *Pr0.05; **Pr 0.01.
BP, blood pressure; CV, cardiovascular.
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baseline. Nighttime ABP decreased progressively across

the three BP groups, from reverse dippers to dippers,

whereas differences in BP were less marked or not

significant for OBP, daytime ABP and 24-h ABP. We

assessed the HRs for the three outcome variables of,

respectively, reverse dippers and nondippers versus all

dippers, with stratification for study and adjustment for

age, sex, smoking, total cholesterol, diabetes, antihyper-

tensive treatment, CHD, CeVD and CHF, and, in

addition, for 24-h ABP (Fig. 1). The subgroups of dippers

and extreme dippers were combined (all dippers)

because of the small number of patients and events in

the group of extreme dippers and the fact that mortality

and incidence of CV events were not different between

the two subgroups (P > 0.55); for example, the adjusted

HR for CV events was 0.82 (95% CI: 0.32–2.05) when

extreme dippers were compared with dippers. All-cause

mortality and the incidence of CV events were signifi-

cantly higher in reverse dippers than in dippers, both

before and after adjustment for 24-h ABP; similar results

were observed for CV events when nondippers were

compared with dippers.

Discussion
The main findings of the present meta-analysis of indi-

vidual patient data on the prognostic significance of ABP

in hypertensive patients with a history of CV disease at

baseline are as follows for SBP: (i) nighttime ABP signifi-

cantly predicts CV mortality and CV events, indepen-

dently from OBP and other covariates, whereas OBP and

daytime ABP do not predict outcome. (ii) Nighttime ABP

adds to the prognostic significance of daytime ABP for

death and CV events; daytime ABP does not add progno-

stic precision to nighttime ABP. (iii) The prognostic

significance of the night–day BP ratio for death and CV

events persists after adjustment for 24-h ABP. (iv) Reverse

dippers and nondippers are at higher risk than dippers.

Similar but less consistent results were observed for DBP.

Daytime and nighttime blood pressure

This study is the first to report on the prognostic

significance of daytime and nighttime ABP in hyperten-

sive patients with history of CV disease. Earlier studies

excluded patients with complicated hypertension from

the analyses [9,13,14] or included small numbers of such

patients, on average about 10% of the study populations,

ranging from 2.5% to 21% [7,11,15,16,19,20,22,26]. No

study, however, reported on the prognostic significance of

daytime and nighttime ABP separately in patients with a

history of CV disease and none included an interaction

term in the Cox models to investigate whether the results

differed according to the presence of CV disease. Our

findings in patients with complicated hypertension are

in agreement with the growing consensus that the

prognostic value of nighttime ABP is superior to that of

daytime ABP [2]; in fact, neither daytime ABP nor OBP

carried significant prognostic information in this patient

Table 5 Adjusted hazard ratios for death and cardiovascular events with the night–day blood pressure ratio, before and after additional
adjustment for 24-h blood pressure

Unadjusted for 24-h ABP Adjusted for 24-h ABP

Night–day BP ratio Death CV death CV events Death CV death CV events

Systolic BP 1.26* 1.36** 1.29** 1.25* 1.32* 1.27*
(1.04–1.52) (1.07–1.72) (1.06–1.57) (1.02–1.52) (1.03–1.69) (1.04–1.55)

Diastolic BP 1.10 1.10 1.08 1.10 1.10 1.08
(0.99–1.23) (0.96–1.25) (0.95–1.23) (0.99–1.23) (0.96–1.25) (0.95–1.23)

Data are hazard ratios (95% confidence intervals) for each one standard deviation higher night–day blood pressure ratio, stratified for study and adjusted for age, sex,
smoking, total cholesterol, diabetes, antihypertensive treatment, history of coronary heart disease, cerebrovascular disease and congestive heart failure, and, in addition,
for 24-h ABP.
Significance of hazard ratios: *Pr 0.05; **Pr0.01
ABP, ambulatory blood pressure; BP, blood pressure; CV, cardiovascular.

Table 6 Baseline characteristics of reverse dippers, nondippers,
dippers and extreme dippers

Reverse
dippers Nondippers All dippers

Overall
P value

Number of patients 44 116 142
Age (years) 72.0 ± 8.6 68.7 ± 9.9 68.7 ± 8.7 0.09
Sex (% men) 40.9 51.0 52.8 0.38
Body mass index

(kg/m2)
27.7 ± 4.7 27.7 ± 3.8 27.3 ± 4.8 0.76

Current smoking (%) 9.1 10.3 8.4 0.87
Serum cholesterol

(mg/dl)
223 ± 45 232 ± 53 242 ± 50 0.05

Diabetes (%) 9.1 15.5 16.2 0.50
Antihypertensive

treatment (%)
70.5 64 57.7 0.28

Blood pressure (mmHg)
Systolic-office 155.8 ± 25.2 161.1 ± 19.3 161.6 ± 19.7 0.24

Daytime 140.1 ± 16.6 140.9 ± 15.9 147.7 ± 16.2*,** 0.001
Nighttime 151.1 ± 19.0 133.4 ± 14.9* 123.8 ± 14.7*,** < 0.001
24 h 143.2 ± 17.6 137.9 ± 15.4 139.1 ± 15.1 0.16
Night–day ratio 1.080 ± 0.071 0.947 ± 0.027* 0.836 ± 0.049*,** < 0.001
Diastolic-office 82.5 ± 11.4 88.1 ± 12.3* 85.9 ± 12.3 0.03
Daytime 81.1 ± 11.0 82.2 ± 11.5 83.9 ± 11.4 0.27
Nighttime 81.9 ± 12.2 74.2 ± 11.7* 67.3 ± 10.1*,** < 0.001
24 h 80.7 ± 10.5 78.9 ± 11.1 77.8 ± 9.6 0.29
Night–day ratio 1.012 ± 0.102 0.903 ± 0.061* 0.807 ± 0.145*,** < 0.001

Number of events (%)
All cause death 20 (45) 32 (28) 39 (27)
Cardiovascular

death
13 (30) 24 (21) 21 (15)

Cardiovascular
events

16 (36) 36 (31) 32 (23)

Values are mean ± standard deviation, or percentages.
Significance of intergroup comparisons: *Pr 0.05 versus reverse dippers;
**Pr0.05 versus nondippers.
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population. In our meta-analysis on hypertensive patients

without history of major CV disease, we observed

that nighttime ABP was a better predictor than daytime

ABP for mortality and CV events [27]. Results were

similar for all-cause [21] and CV mortality [20] in other

studies in hypertensive patients, in which daytime and

nighttime ABP were included in the same model. Results

were less consistent in population-based studies. Only

nighttime ABP was a significant predictor of CV mortality

in one study [8] but others reported that daytime and

nighttime ABP have similar prognostic power for mortality

[9], and that daytime and nighttime DBP both predict

an aggregate of CV events but that only daytime ABP,

rather than nighttime ABP, is significant for SBP [10]. In

a comprehensive meta-analysis of prospective population

studies, Boggia et al. [12] concluded that, adjusted for

daytime ABP, nighttime ABP predicts total and CV

mortality, but that both daytime and nighttime ABP

consistently predict an aggregate of CV events.

Night–day blood pressure ratio and dipping pattern

The effect of the nocturnal decline of BP on prognosis

has been studied by using the night–day BP ratio as a

continuous variable, or by applying dipping categories.

We observed that the night–day SBP ratio was signifi-

cantly associated with mortality and recurrent CV events,

both before and after adjustment for 24-h ABP. In our

categorical analyses all-cause mortality and incidence of

CV events were higher in reverse dippers than in dippers,

and nondippers suffered more CV events than dippers.

We combined dippers and extreme dippers because of the

small number of patients and events in the subgroup

of extreme dippers and the similar prognosis of both

subgroups. Few other studies reported on the prognostic

significance of the dipping pattern and the results have

not always been consistent. The night–day BP ratio was

not significantly related to CV endpoints in a population

of elderly men [13] or in hypertension in general [16,17].

Hansen et al. [10] observed that the night–day BP ratio

was significant for CV events in patients with elevated

daytime ABP, but not in patients with normal daytime

ABP, and these results persisted after adjustment for

24-h ABP. In categorical analyses, prognosis was worse in

reverse dippers and nondippers than in dippers [6,7,21],

which persisted after adjustment for 24-h ABP [6,7] or

daytime ABP [21]. Verdecchia et al. [15] observed that

CV risk was higher in nondippers than in dippers in women

but not in men and Hansen et al. [10] found that this

was only the case in patients with elevated daytime ABP.

Finally, Kario et al. [24] reported a higher incidence of

stroke in extreme dippers than in dippers, but others

observed that all-cause mortality [20] and CV mortality

[6,7] were similar in extreme dippers and dippers. In the

meta-analysis of population studies [12], reverse dippers

were at greater risk than dippers for total mortality, CV

mortality and CV events, nondippers were at greater risk

for total mortality, and risk was not different between

extreme dippers and dippers.

Fig. 1
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All-cause mortality

∗
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RD versus D

ND versus D

0.50 1.0 2.0 3.0 4.0 6.0

Cardiovascular events

∗

Hazard ratios and 95% confidence limits for all-cause mortality, cardiovascular mortality and major cardiovascular events of reverse dippers (RD) and
nondippers (ND) versus all dippers (D), with stratification for study and adjustment for age, sex, smoking, total cholesterol, diabetes, antihypertensive
treatment, and history of coronary heart disease, cerebrovascular disease and congestive heart failure, before (open circles) and after (closed circles)
adjustment for 24-h blood pressure. *Pr0.05; wPr0.01 versus dippers.

330 Blood Pressure Monitoring 2008, Vol 13 No 6

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



The higher predictive value of the nighttime ABP as

compared with the daytime ABP could be because of

several factors. BP is less variable during the night than

during the day, so that intermittent BP measurements

are more representative for the true average nighttime

than daytime BP. In the categorical analyses, the worst

prognosis was observed in reverse dippers, that is patients

with a higher BP during the night than during the day.

Reverse causality should also be considered. Indeed, the

high nighttime ABP might be a consequence rather than

a cause of bad health. It is conceivable that ‘sick’ patients

sleep less well at night and therefore have a higher

nighttime ABP and higher night–day BP ratio. In addition,

nighttime ABP may be influenced by sleep apnoea in

some patients, which is associated with a worse prognosis

[31]. Finally, the results could be confounded by

antihypertensive drug intake. Patients with more severe

hypertension are more likely to be treated. As antihy-

pertensive drugs are often taken in the morning, the BP

lowering effect could be less pronounced during night-

time, leading to a higher nighttime ABP.

Strengths and limitations

We used the individual data of hypertensive patients

with a history of CV disease from three European studies,

which were performed or coordinated in Belgium

[14,19,22]. Common features of the studies are: the

prospective design; follow-up for fatal and nonfatal

events; and evaluation of events, which occurred during

follow-up by blinded endpoint committees, which used

the same definitions of events. The history of CV disease

at baseline was reported by the local investigators, but

the elevated risk of these patients is confirmed by the 2.8

times higher mortality and 2.4 times greater incidence

of CV events during follow-up than in patients without

CV complications at baseline. The different selection

criteria of the various studies are a potential limitation of

the current meta-analysis. In contrast, the database repre-

sents a wide and comprehensive spectrum of patients

with complicated hypertension with regard to age, sex,

type of hypertension and type of care (primary care and

specialist care), and use of appropriate interaction terms

indicated that the predictive power of daytime and

nighttime ABP did not differ among the three studies.

The majority of the patients were treated with BP

lowering agents. Owing to the design of the studies

included in the meta-analysis, the effect of antihyperten-

sive treatment on the prognostic significance of daytime

and nighttime BP could not be assessed. In addition,

lack of uniform treatment and lack of assessment of

the response of BP and other risk factors to treatment

during follow-up should be considered as limitations

of this study. Finally, because the studies only included

Caucasians, our findings cannot be extrapolated to

patients with complicated hypertension of other ethnic

origin.

Conclusion
We observed that nighttime ABP carries independent

prognostic information in patients with hypertension and

CV disease at baseline. In addition, prognosis seems to be

worse in reverse dippers and nondippers than in dippers.

This study indicates that ABP should have a place in the

evaluation of patients with complicated hypertension and

that separate analyses of daytime and nighttime ABP is

warranted.
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