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Current guidelines propose out-of-office blood pressure 
measurement as the standard in the diagnosis and manage-

ment of hypertension.1–3 Self-measurement of the blood pres-
sure at home offers several of the well-recognized advantages 
of the more complex approach of ambulatory monitoring.4–6 
The greater number of readings and the minimization of the 
white coat effect, observer bias, and measurement error all 
contribute to better diagnostic accuracy compared with office 
blood pressure measurement. Similar to visit-to-visit variability 
in clinic blood pressure,7 multiple home blood pressure mea-
surements8–10 provide information on day-to-day blood pressure 
variability in the relatively controlled home environment.

We demonstrated previously that the within-subject 
SD of blood pressure predicted mortality.10 However, the 
SD is highly dependent on the mean.7,11 Rothwell et al7,11 
therefore proposed blood pressure variability independent 
of the mean (VIM) as a new index, which might be a better 
predictor of cardiovascular outcome over and beyond blood 
pressure level. The aim of the present study was to test the 
hypothesis that new indices of blood pressure variability,7,11 
derived from the self-measured home blood pressure in a 
general population instead of the office blood pressure in 
selected hypertensive or high-risk patients,7,11,12 would 
predict outcome.

Abstract—Blood pressure variability based on office measurement predicts outcome in selected patients. We explored 
whether novel indices of blood pressure variability derived from the self-measured home blood pressure predicted 
outcome in a general population. We monitored mortality and stroke in 2421 Ohasama residents (Iwate Prefecture, 
Japan). At enrollment (1988–1995), participants (mean age, 58.6 years; 60.9% women; 27.1% treated) measured 
their blood pressure at home, using an oscillometric device. In multivariable-adjusted Cox models, we assessed the 
independent predictive value of the within-subject mean systolic blood pressure (SBP) and corresponding variability 
as estimated by variability independent of the mean, difference between maximum and minimum blood pressure, and 
average real variability. Over 12.0 years (median), 412 participants died, 139 of cardiovascular causes, and 223 had a 
stroke. In models including morning SBP, variability independent of the mean and average real variability (median, 26 
readings) predicted total and cardiovascular mortality in all of the participants (P≤0.044); variability independent of the 
mean predicted cardiovascular mortality in treated (P=0.014) but not in untreated (P=0.23) participants; and morning 
maximum and minimum blood pressure did not predict any end point (P≥0.085). In models already including evening 
SBP, only variability independent of the mean predicted cardiovascular mortality in all and in untreated participants 
(P≤0.046). The R2 statistics, a measure for the incremental risk explained by adding blood pressure variability to models 
already including SBP and covariables, ranged from <0.01% to 0.88%. In a general population, new indices of blood 
pressure variability derived from home blood pressure did not incrementally predict outcome over and beyond mean 
SBP. (Hypertension. 2013;61:61-69.) ●   Online Data Supplement
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Methods
Study Design
As described in detail elsewhere,5 from 1988 until 1995, we  contacted 
4969 individuals who resided in 4 districts of Ohasama, a rural com-
munity in Iwate Prefecture, Japan, and who were ≥35 years old. 
Residents were not eligible if they were not at home during normal 
working hours (n=1057) or if they were hospitalized (n=166) or inca-
pacitated (n=94). Of the remaining 3652 residents, 3090 (84.6%) par-
ticipated in baseline and follow-up examinations. The study complies 
with the Declaration of Helsinki, and the study protocol was approved 
by the institutional review board of Tohoku University School of 
Medicine and by the Ohasama Town Government Department of 
Health. Participants gave written informed consent. We excluded 669 
participants from analysis because they had not measured their home 
blood pressure (n=218), had obtained <5 morning or evening readings 
(n=322), or because at enrollment they had a history of stroke (n=129). 
Thus, the number of participants statistically analyzed totaled 2421.

Data Collection
Physicians and public health nurses instructed participants how to 
measure their home blood pressure using a validated oscillometric 
device (OMRON HEM 401C, Omron Healthcare Co Ltd, Kyoto, 
Japan).13 Participants were asked to record their blood pressure for 
4 weeks after ≥2 minutes of rest in the morning within 1 hour after 
awakening and, if applicable, before taking their blood pressure–low-
ering medications, and in the evening just before going to bed.3 The 
first reading obtained on each occasion was used for analysis.

At public health centers, study nurses measured anthropometric 
characteristics. Body mass index was weight in kilograms divided 
by the square of height in meters. The nurses also administered 
questionnaires inquiring into each participant’s medical history, in-
take of medications, and smoking and drinking habits. Venous blood 
samples were analyzed for total cholesterol and blood glucose. 
Diabetes mellitus was a fasting or random blood glucose level of 
±7.0 or 11.1 mmol/L or the use of insulin or oral antidiabetic drugs.14 
Hypercholesterolemia was a serum level of ≥5.68 mmol/L or use of 
lipid-lowering agents. Previous cardiovascular disease included coro-
nary heart disease, atrial fibrillation, and heart failure.

Follow-Up and Risk Assessment
We ascertained outcome until December 31, 2004, based on the 
Ohasama residents’ registration cards, which in Japan provide access 
to social security and retirement benefits; the National Japanese 
Mortality Registry of causes of death; the Stroke Registration System 
of Iwate Prefecture; and questionnaires sent every 4 years to each par-
ticipant. End points were all-cause and cardiovascular mortality and 
stroke events. Cardiovascular mortality included deaths from cere-
brovascular and cardiac causes. Stroke events included, in addition 
to fatal events, nonfatal stroke but not transient ischemic attack. End 
points were adjudicated by checking the medical charts at Ohasama 
Hospital, where >90% of participants had regular health checkups.

Statistical Analysis
For database management and statistical analysis, we used the SAS 
system, version 9.3 (SAS Institute Inc, Cary, NC). We limited our 
analyses to systolic blood pressure, because this is the overriding risk 
factor in middle-aged and older people.15 We used all of the available 
home readings of the self-measured blood pressure. We analyzed the 
morning and evening blood pressures separately, because previous 
studies showed that they have a different prognostic meaning.5 In sen-
sitivity analyses, we used 5 home readings in the morning and 5 in the 
evening (10 readings) according to European population studies16 and 
the Japanese randomized trial.17

For descriptive purposes, we computed the within-participant 
blood pressure variability from the SD and coefficient of variation. 
We based our analyses on VIM, difference between maximum mi-
nus minimum blood pressure (MMD), and average real variability 
(ARV). Coefficient of variation is the within-participant SD divided 
by the within-participant mean. VIM7,11 is SD divided by the mean to 
the powerx. Power x is modeled as SD = a × meanx and was derived 
by nonlinear regression analysis as implemented in the PROC NLIN 

procedure of the SAS package. ARV is the average of the absolute dif-
ferences between consecutive day blood pressure measurements.18,19

We compared means and proportions using the standard normal z 
test for large samples and the Fisher exact test, respectively. Kruskal-
Wallis test was used to assess differences between quartiles of VIM. 
We plotted incidence rates by fourths of the blood pressure variability 
distribution while standardizing rates for sex and age by the direct 
method. In multivariable-adjusted Cox regression, we derived stan-
dardized relative hazard ratios that expressed the change in risk as-
sociated with 1-SD increase in mean blood pressure or in variability. 
Covariables were sex, age, body mass index, heart rate, smoking and 
drinking, diabetes mellitus, total cholesterol, history of cardiovascu-
lar disease, and treatment with antihypertensive drugs. For 608 par-
ticipants without known alcohol use, we interpolated drinking status 
based on sex and age (continuous). We checked the proportional haz-
ards assumption by testing the interaction terms between follow-up 
duration and the variable of interest. Finally, we applied the general-
ized R2 statistic20 to assess the additional risk explained in Cox regres-
sion by adding the indices of blood pressure variability to models 
already including the mean systolic blood pressure level and covari-
ables. The formula for the calculation of generalized R2 is as follows:

where n is the number of participants, ln L(X
2
) and ln L(X

1
) are the 

log likelihood statistics of the full model and the basic model, respec-
tively, and χ2 is the likelihood ratio chi-square.

Results
Baseline Characteristics
Of the 2421 participants, 656 (27.1%) were treated with antihy-
pertensive drugs at baseline, 475 (19.6%) were current smokers, 
219 (9.1%) had diabetes mellitus, and 635 (26.2%) had hyper-
cholesterolemia. The median number of days with self-measured 
blood pressure readings available for analysis was 26 (interquar-
tile range, 21 to 28) in the morning and 26 (interquartile range, 
22 to 28) in the evening. The self-measured systolic blood pres-
sure was 2.15 mm Hg (95% confidence interval [CI], 1.88–2.42 
mm Hg; P<0.0001) higher in the morning than evening. In 
patients on antihypertensive drug treatment, this difference was 
to 3.55 mm Hg (95% CI, 2.91–4.18 mm Hg; P<0.0001). For the 
morning blood pressure, the VIM formulas were (123.8^1.22) 
× SD/(mean^1.22) in all participants, (119.9^1.12) × SD/
(mean^1.12) in 1765 untreated subjects, and (134.6^0.78) × 
SD/(mean^0.78) in 656 patients on antihypertensive drug treat-
ment. For the evening blood pressure, the corresponding formu-
las were (121.7^1.15) × SD/(mean^1.15), (118.2^1.08) × SD/
(mean^1.08) and (131.1^0.73) × SD/(mean^0.73), respectively.

Table 1 lists the baseline characteristics of the 2421 
participants by sex-specific quartiles of VIM based on systolic 
blood pressure in the morning. The average morning blood 
pressure was similar across VIM quartiles (P=0.61), whereas 
the other indices of variability significantly increased with 
higher VIM (P<0.0001). These trends were similar across 
quartiles of VIM based on systolic blood pressure in the evening 
(Table S1, available in the online-only Data Supplement). The 
proportion of participants on antihypertensive drug treatment 
increased (P<0.0001) from low to high VIM (Table 1 and 
Table S1). All of the indices of variability were significantly 
(P<0.0001) higher in 656 treated compared with 1765 
untreated participants (Table S2). The morning and evening 
blood pressures were lower (P<0.0001) in women than in men 
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(Table S2). Although heart rate in women was similar to that 
in men (P=0.15), women had a significantly lower heart rate 
than men did in the evening (P<0.0001; Table S2). Coefficient 
of variation, VIM, and MMD were higher in women than in 
men in the morning (P≤0.0039), whereas in the evening these 
indices were similar in both sexes (P≥0.089; Table S2).

Incidence of Mortality and Morbidity
Over a median follow-up of 12.0 years (interquartile range, 
9.9–15.4; maximum, 16.9 years), 412 participants died, 139 
of cardiovascular causes (33.7%), and 223 stroke events 
occurred. All of the end points occurred at higher rates 
(P<0.0001) in treated compared with untreated participants 
(Table S3). Figure 1 shows the sex- and age-standardized 
rates across quartiles of the mean level and VIM of the 
morning systolic blood pressure. Total and cardiovascu-
lar mortality and stroke increased (P≤0.0004) with higher 
levels of mean blood pressure in the morning and evening. 
Total and cardiovascular mortality (P≤0.014) but not stroke 
(P=0.15) increased with higher morning VIM, whereas none 
of the studied end points was associated with evening VIM 
(P≥0.069). As shown by Kaplan-Meier survival estimates 
across quartiles of systolic blood pressure in the morning or 

evening, the mean level and VIM were consistent and signifi-
cant (P<0.0001) predictors of cardiovascular mortality for all 
of the participants (Figure 2).

Multivariable-Adjusted Analyses

Morning Blood Pressure
In multivariable-adjusted models (Table 2), the morning sys-
tolic blood pressure predicted total and cardiovascular mor-
tality and stroke in all (P≤0.021) and untreated (P≤0.018) 
participants and stroke in patients on antihypertensive treat-
ment (P=0.0008). In models including mean systolic blood 
pressure, VIM and ARV predicted total and cardiovascu-
lar mortality in all of the participants (P≤0.044). VIM also 
predicted total mortality in untreated participants (P=0.019) 
and cardiovascular mortality in treated patients (P=0.014). 
However, these indices did not predict any cardiovascular end 
point in untreated participants (P≥0.11). The R2 statistics for 
adding morning VIM or ARV to models including mean blood 
pressure (Table 2) ranged from 0.08% to 0.88%. MMD added 
to models including the morning systolic blood pressure did 
not predict future events (Table 2; P≥0.085).

Figure 3 shows the multivariable-adjusted 10-year risk of 
a cardiovascular death in relation to the mean level and VIM 

Table 1. Baseline Characteristics of Participants by Fourths of the Distribution of Overall Systolic Variability Independent of the 
Mean in the Morning

Characteristic Categories of Systolic Blood Pressure Variability P Value

Limits, units

Women 0.79–6.78 6.78–8.61 8.61–10.5 10.5–22.3

Men 0.86–6.32 6.32–7.81 7.83–9.67 9.67–24.6

Number of participants, %

All participants in category 604 606 606 605

Antihypertensive treatment 118 (19.5) 142 (23.4) 181 (29.9)* 215 (35.5)* <0.0001

Smokers 123 (20.4) 122 (20.1) 124 (20.5) 106 (17.5) 0.52

Drinking alcohol 111 (26.1) 129 (27.9) 125 (26.2) 106 (23.6) 0.52

Diabetes mellitus 45 (7.5) 66 (10.9)* 53 (8.8) 55 (9.1) 0.22

Cardiovascular disease 11 (1.8) 18 (3.0) 15 (2.5) 26 (4.3) 0.068

Mean (SD) of characteristic

Age, y 55.2 (12.0) 56.6 (11.3) 59.6 (12.2)† 62.8 (12.5)† <0.0001

Body mass index, kg/m2 23.9 (2.9) 23.6 (2.8) 23.2 (2.9) 23.1 (2.9) <0.0001

Serum total cholesterol, mmol/L 5.00 (0.79) 5.03 (0.91) 5.02 (0.80) 4.94 (0.85) 0.42

Systolic blood pressure, mm Hg 123.7 (15.0) 123.2 (14.2) 124.0 (15.4) 124.5 (15.1) 0.61

Diastolic blood pressure, mm Hg 75.9 (10.1) 75.0 (9.4) 74.2 (9.7) 73.4 (10.1) <0.0001

Heart rate, beats per minute 68.0 (7.6) 68.0 (7.3) 67.2 (7.9) 66.8 (8.0) 0.0012

Mean (SD) of variability index

SD, mm Hg 5.3 (1.3) 7.4 (1.2)† 9.2 (1.5)† 12.4 (2.9)† <0.0001

Coefficient of variation, % 4.3 (0.9) 6.0 (0.5)† 7.4 (0.6)† 9.9 (1.8)† <0.0001

Maximum-minimum difference, mm Hg 20.7 (6.1) 29.2 (6.3)† 35.9 (7.8)† 46.8 (12.6)† <0.0001

Average real variability, mm Hg 5.6 (1.6) 7.7 (1.7)† 9.5 (2.1)† 12.6 (3.5)† <0.0001

Values are number of participants (%) or arithmetic mean (SD). Blood pressure variability is based on self-measurement in the morning on 5 days within 1 hour 
 after awakening and before taking antihypertensive medications in treated participants. Drinking status was unavailable in 608 participants. P denotes the signifi-
cance of the linear trend across categories of systolic blood pressure level. 

*P<0.05, significance of the difference with the adjacent lower fourth.

†P<0.0001, significance of the difference with the adjacent lower fourth.
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of morning and evening systolic blood pressures in all of the 
participants. Figures S1 and S2 show similar information 
by treatment status. Morning systolic blood pressure was a 
consistent predictor of stroke and cardiovascular mortality 
(P≤0.0049) with the exception of cardiovascular mortality in 
treated participants (P=0.082).

Evening Blood Pressure
The evening systolic blood pressure predicted all of the end 
points (P≤0.044). In models already including the evening 
systolic blood pressure, VIM predicted cardiovascular mor-
tality in all (P=0.014) and untreated (P=0.46) participants, 
whereas MMD and ARV did not significantly (P≥0.057) 
refine risk stratification (Table 3). The R2 statistics for adding 
evening VIM, MMD, or ARV to models including mean blood 
pressure ranged from <0.01% to 0.27% (Table 3).

Additional Analyses
The interaction terms between treatment status and the indices 
of variability were all not significant (P≥0.06). Results based 
on 5 home readings were confirmatory for morning (Table S4) 
and evening (Table S5) blood pressures.

Discussion
Our study addressed the incremental value of newly proposed 
indices11 in the prediction of mortality and cardiovascular 
events over and beyond the blood pressure level. The key 
findings were as follows: (1) morning VIM and ARV, inde-
pendent of blood pressure level, predicted total and cardio-
vascular mortality in all of the participants; (2) being treated 
with blood pressure–lowering drugs underlayed the predic-
tive value of morning VIM; (3) in untreated participants, 
these indices of variability did not predict cardiovascular 
mortality; (4) none of the variability indices predicted stroke 
incidence; and (5) for all or cause-specific fatal combined 
with nonfatal outcomes, the incremental predictive value 
of VIM, MMD, and ARV over and beyond blood pressure 

level was tiny based on the viewpoint of R2 statistics. These 
findings must be interpreted within the context of the overall 
available evidence.

To our knowledge, only 2 previous population studies10,21 
reported on the refinement of prognosis by considering vari-
ability of the self-measured blood pressure in addition to blood 
pressure level and other risk factors. In 2008, we assessed 
blood pressure variability from the self-measured blood pres-
sure in the Ohasama population, using the within-subject SD 
of the morning systolic blood pressure over 26 days (median) 
of self-measurement.10 Over 11.9 years of follow-up, 462 
participants died, the underlying cause being cardiovascular 
in 168, noncardiovascular in 294, stroke in 83, and cardiac 
in 85 participants.10 In multivariable-adjusted Cox models 
also including blood pressure level, a 1-SD increase in the 
between-subject variability was associated with higher risk 
of any death (hazard ratio, 1.18 [95% CI, 1.07–1.31]), car-
diovascular death (hazard ratio, 1.20 [95% CI, 1.02–1.40]), 
noncardiovascular mortality (hazard ratio, 1.18 [95% CI, 
1.04–1.34]), and stroke mortality (hazard ratio, 1.38 [95% 
CI, 1.12–1.72]) but not cardiac mortality hazard ratio (hazard 
ratio, 1.02 [95% CI, 0.89–1.29]). The association of blood 
pressure variability with noncardiovascular mortality was dif-
ficult to interpret but might reflect reverse causality, subclini-
cal disease leading to greater variability. More recently, the 
Finn-Home investigators noticed 130 deaths and 179 cardio-
vascular events among 1866 Finns followed up for 7.8 years. 
In multivariable-adjusted Cox models, day-to-day variability 
of the self-measured systolic blood pressure in the morning, 
estimated from the within-participant SD over 7 days, pre-
dicted total mortality and cardiovascular events. The hazard 
ratios expressing incremental risk for a 1-SD between-subject 
increment in variability (3.93 mm Hg) were ≈1.17 (95% CI, 
1.00–1.30; P=0.03) and 1.21 (95% CI, 1.08–1.40; P=0.006), 
respectively.21 Day-to-day variability in the evening systolic 
blood pressure was not predictive (P≥0.11).21
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Figure 1. Incidence of total and cardiovascular mortality and stroke by quartiles of the mean level (A and C) and variability independent 
of the mean (B and D) of systolic blood pressure measured at home in the morning (A and B) or evening (C and D) in 2421 participants. 
Rates given as end points per 1000 person-years were standardized for sex and age by the direct method. The number of end points 
contributing to the rates is presented. The P values refer to the significance for linear trend across the quartiles.
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Our current findings confirm that variability of the self- 
measured systolic blood pressure in the morning predicts total10 
and cardiovascular10,21 mortality. In addition to being based on 
novel indices of blood pressure variability relatively indepen-
dent of the mean,7,11 our current report breaks new grounds in 
various ways. First, the previous Ohasama report10 evaluated 
only fatal outcomes. In our current report, we demonstrated 
that neither morning nor evening blood pressure variability 
refined the risk stratification for fatal combined with nonfatal 
outcomes based on blood pressure level. In the Finn-Home 
study,21 evening variability of systolic blood pressure (SD, 
3.94 mm Hg) neither predicted total mortality (hazard ratio, 
1.17 [95% CI, 0.96–1.35]; P=0.11) nor cardiovascular events 
(hazard ratio, 1.08 [95% CI, 0.92–1.26]; P=0.27). Second, as 
in previous studies,10,21 we adjusted for antihypertensive treat-
ment in the whole study population. In addition, we also ran 

analyses stratified by treatment status, which showed that the 
association between cardiovascular mortality and morning 
blood pressure variability was in fact confined to patients on 
antihypertensive drug treatment. Third, cerebrovascular dis-
ease causes increased blood pressure variability by impairing 
baroreflexes22 and interfering with the central regulation of 
blood pressure by the autonomous nervous system. To avoid 
confounding by reverse causality, we excluded patients with a 
history of stroke at enrollment.23 Fourth, although the morning 
systolic blood pressure was an independent predictor of car-
diovascular mortality, the incremental prognostic value over 
and beyond blood pressure level was small with R2 statistics 
in the whole study population of ≤0.31% and ≤0.88% in the 
patients on antihypertensive drug treatment. Previous popula-
tion studies10,21 did not report R2 statistics. Finally, Muntner et 
al24 selected a subsample (n=2174) of the participants in the 
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Figure 2. Kaplan-Meier survival function estimates 
for cardiovascular mortality by quartiles of the mean 
level (A and C) and variability independent of the 
mean (B and D) of systolic blood pressure measured 
at home in the morning (A and B) or evening (C and 
D) in 2421 participants. The P values refer to the 
significance of the log-rank test across quartiles.
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Third National Health and Examination Survey, who took part 
in 3 consecutive study visits, at which the office blood pres-
sure was measured. For various reasons, they excluded 1218 
participants from analysis. Among the remaining 956 subjects 
(44.0%), 240 died. In multivariable-adjusted analyses, hazard 
ratios for all-cause mortality associated with an SD of systolic 
blood pressure of 4.80 to 8.34 mm Hg and ≥8.35 mm Hg ver-
sus <4.80 mm Hg were 1.57 (95% CI, 1.07–2.18) and 1.50 
(95% CI, 1.03–2.18), respectively.24 However, the P value for 
trend across these tertiles was marginal (0.064). Modeled as 
a continuous variable, blood pressure variability did not pre-
dict mortality.24 Thus, although large epidemiologic studies 
might pick up incremental prognostic accuracy provided by 
blood pressure variability, this presumed risk factor remains 
weak and is unlikely to be clinically meaningful in individual 
subjects.

A key finding in our current study was that morning blood 
pressure variability was a predictor of cardiovascular mortal-
ity in patients on antihypertensive drug treatment but was not 
prognostically informative in untreated participants. Redon et 
al25 enrolled 15 618 hypertensive patients in an observational 
study. Patients recorded their blood pressure at home for 2 
weeks. Blood pressure control was a self-measured blood 
pressure <135 mm Hg systolic and 85 mm Hg diastolic. At 
baseline (day 1 of the first week), control rates of the home 
blood pressure were 8.5%, 11.3%, and 9.9% in the morning, 
at lunchtime, and in the evening, respectively; at follow-up 

(day 4 of the second week), these rates were 31.8%, 42.2%, 
and 36.4%, respectively. In our current study, the systolic dif-
ference between morning and evening blood pressure aver-
aged 2.15 mm Hg in the whole study population and 3.55 mm 
Hg in patients on antihypertensive drug treatment. Patients 
on treatment had to measure their blood pressure before tak-
ing their medication in the morning. In 1992, 21.3% of the 
Ohasama patients were on a once-daily treatment regimen, 
and 70.9% were taking nifedipine, nicardipine, or diltiazem 
in sustained-release formulations,26 which have a duration of 
action of <12 hours.27 To what extent these findings and the 
observations of Redon et al25 explain why blood pressure vari-
ability was predictive in the morning, but not in the evening, 
remains to be elucidated. Rothwell et al11 reported that amlo-
dipine reduced visit-to-visit blood pressure variability partly 
by its long half-life. On the other hand, a meta-analysis by the 
same group, using interindividual variance as a surrogate for 
within-individual variability, put forward that calcium chan-
nel blockers reduced blood pressure variability independent 
of drug half-life.12

The present study must be interpreted within the context of 
its potential limitations. First, our study population consisted 
of residents from a specific Japanese rural district. Although 
our results are in partial agreement with the Finn-Home 
study,21 our current might not be generalizable to Western pop-
ulations, in whom not stroke but myocardial infarction is the 
overriding cardiovascular complication associated with blood 

Table 2. Adjusted Standardized Hazard Ratios for End Points in Relation to the Mean and Overall Variability of Systolic Pressure in 
the Morning

End Point (n)

Basic Model, Mean SBP

Full Model

VIM MMD ARV

RH (95% CI) R2 (%) RH (95% CI) R2 (%) RH (95% CI) R2 (%) RH (95% CI) R2 (%)

All participants

Total mortality (412) 1.14 (1.02–1.27)* 22.9 1.15 (1.04–1.26)† 0.30 1.06 (0.96–1.17) 0.06 1.10 (1.00–1.21)* 0.16

CV mortality (139) 1.30 (1.09–1.56)† 10.7 1.26 (1.07–1.49)† 0.31 1.14 (0.97–1.34) 0.10 1.22 (1.04–1.42)* 0.25

Stroke (223) 1.43 (1.23–1.66)§ 8.3 1.14 (1.00–1.30) 0.15 1.12 (0.98–1.28) 0.12 1.13 (1.00–1.27) 0.14

Untreated participants

Total mortality (231) 1.17 (1.03–1.34)* 20.1 1.17 (1.03–1.33)* 0.30 1.11 (0.98–1.27) 0.15 1.12 (0.99–1.26) 0.17

CV mortality (68) 1.38 (1.09–1.74)† 7.9 1.16 (0.92–1.46) 0.08 1.10 (0.88–1.39) 0.04 1.19 (0.96–1.46) 0.14

Stroke (113) 1.35 (1.12–1.63)† 6.8 1.11 (0.91–1.34) 0.06 1.08 (0.90–1.31) 0.04 1.12 (0.94–1.35) 0.09

Treated participants

Total mortality (181) 1.06 (0.91–1.23) 23.9 1.12 (0.97–1.30) 0.33 1.01 (0.87–1.17) <0.01 1.09 (0.94–1.27) 0.20

CV mortality (71) 1.20 (0.95–1.52) 13.5 1.34 (1.06–1.69)* 0.88 1.15 (0.91–1.45) 0.21 1.24 (0.99–1.55) 0.50

Stroke (110) 1.39 (1.15–1.68)‡ 5.7 1.17 (0.97–1.41) 0.39 1.15 (0.95–1.38) 0.31 1.14 (0.96–1.36) 0.32

Systolic blood pressure (SBP) level and variability are based on self-measurement in the morning for median 26 days (interquartile range, 21–28) within 1 hour 
 after awakening and before taking antihypertensive medications in treated participants. VIM, MMD, and ARV indicate variability independent of the mean, the 
 difference between maximum and minimum blood pressure, and average real variability. CV indicates cardiovascular. The basic model accounts for sex, age, body 
mass index, heart rate, smoking and drinking, serum cholesterol, and diabetes mellitus, and history of CV disease. Full models include the aforementioned covariables 
and both mean SBP and an index of SBP variability. Hazard ratios (HRs) given with 95% confidence intervals (CIs) express the risk associated with a 1-SD increase in 
the explanatory  variables: in all participants, 14.9 mm Hg for level of blood pressure and 2.9 units, 12.8 mm Hg, and 3.5 mm Hg for VIM, MMD, and ARV, respectively. 
The R2 statistic is a measure for the risk prediction provided by the basic model including mean SBP and the additive contribution of the indexes of variability. 

*P<0.05, significance of the hazard ratios.

†P<0.01, significance of the hazard ratios.

‡P<0.001, significance of the hazard ratios.

§P<0.0001, significance of the hazard ratios..
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pressure. In the Ohasama study, stroke caused 18.0% of total 
mortality, whereas in Finn-Home21 this proportion was only 
6.2%. Ischemic heart disease accounted for 7.1% and 22.3%, 
respectively. Second, in the Anglo-Scandinavian Cardiac 
Outcomes Trial (ASCOT),11 within-patient visit-to-visit 
variability was lower in the amlodipine than in the atenolol 
group among 19 257 randomized patients. The lower stroke 
risk in the amlodipine group (0.78 [95% CI, 0.67–0.90]) was 
partly attenuated by adjusting for mean systolic blood pres-
sure during follow-up (0.84 [95% CI, 0.72–0.98]) and was 
diminished by also adjusting for VIM of clinic systolic blood 
pressure (0.96 [95% CI, 0.82–1.12]).11 For coronary events, 
the ASCOT findings were similar.11 In the current study, we 
only obtained detailed information on antihypertensive drug 
class in 366 treated patients, of whom 48.7% were taking cal-
cium channel blockers and 17.5% β-blockers. In view of the 
incomplete information on drug class and the smaller sample 
size and observational nature of our current study, we could 

not stratify our analyses of 656 treated participants by drug 
class. Third, we based our main analyses on all of the avail-
able home blood pressure readings and only involved a single 
blood pressure reading in the morning and evening over a 
period of median 26 days. This is more than other European 
studies; for example, 5 consecutive home blood pressure read-
ings in a European population study16 and 7 days in the Finn-
Home study.6 Little information is currently available on how 
many days are required to capture blood pressure variability 
in a reliable way. However, sensitivity analyses making use of 
the home blood pressure over 5 days produced confirmatory 
results (Tables S3 and S4). Finally, the R2 statistic is not a 
perfect measure of the variation explained by Cox models. R2 
values can be compared within but not across studies because 
of the dependence on censoring. Nevertheless, a measure of 
explained variance is crucial for the correct interpretation of 
the prognostic vale of a risk factor. P values of hazard ratios 
do not suffice to compare indicators of risk.

A B

DC

Figure 3. Absolute 10-year risk of cardiovascular 
mortality (A and C) and stroke incidence (B and D) in 
relation to the mean level of systolic blood pressure 
measured at home in the morning (A and B) or 
evening (C and D) in 2421 participants. The analyses 
were standardized to the distributions (mean or 
ratio) of sex, age, body mass index, heart rate, 
smoking and drinking, total cholesterol, diabetes 
mellitus, history of cardiovascular diseases, and 
treatment with antihypertensive drugs. In each panel, 
mean systolic blood pressure along the horizontal 
axis (SBP) covers the 2.5th to 97.5th percentile 
interval. Four continuous lines represent the risk 
independently associated with variability independent 
of the mean (VIM) equal to 3, 6, 9, and 12 units.  
P values are for the independent effect of SBP (PSBP) 
and VIM (PVIM). np and ne indicate the number of 
participants at risk and the number of events.
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Perspectives
In the general population, blood pressure variability derived 
from home blood pressure does not substantially refine risk 
profiling over and beyond the blood pressure level. Being on 
antihypertensive drug treatment seems to be the main driver 
of the significant associations between cardiovascular mor-
tality and blood pressure variability. Our findings also sug-
gest, at variance with current guidelines,1,3 that blood pressure 
variability, although showing up for selected fatal end points, 
might be too weak a predictor to be clinically meaningful. 
In risk stratification, clinicians should concentrate on what 
really matters, that is, blood pressure level, the predominant 
modifiable risk factor, which is reversible by adequate medi-
cal treatment.
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What Is New?

•• In multivariable Cox models, home morning variability independent of 
the mean and average real variability predicted total and cardiovascular 
mortality in all participants independent of home morning blood pressure 
level.

•• In untreated participants, these indices of variability did not predict car-
diovascular mortality.

•• None of the variability indices predicted stroke incidence.

•• The R2 statistics showed the incremental risk explained by adding blood 
pressure variability to models already including systolic blood pressure 
and covariables ranged from <0.01% to 0.88%.

What Is Relevant?

•	 In	risk	stratification,	clinicians	should	concentrate	on	what	really	mat-
ters,	that	is,	blood	pressure	level,	the	predominant	modifiable	risk	factor,	
which	is	reversible	by	adequate	medical	treatment.

Summary

In	a	general	population,	new	indices	of	blood	pressure	variability	
derived	from	home	blood	pressure	did	not	incrementally	predict	
outcome	over	and	beyond	the	blood	pressure	level.	Being	on	
antihypertensive	drug	treatment	seems	to	be	the	main	driver	of	
the	significant	associations	between	cardiovascular	mortality	and	
blood	pressure	variability.

Novelty and Significance
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Supplemental Results   

Based on 5 home readings, for the morning blood pressure, the VIM formulas were 
(124.9^1.03) × SD/(mean^1.03) in all participants, (120.6^0.92) × SD/(mean^0.92) 
in 1765 untreated subjects, and (136.4^0.74) × SD/(mean^0.74) in 656 patients on 
antihypertensive drug treatment.  For the evening blood pressure, the 
corresponding formulas were (122.7^0.99) × SD/(mean^0.99), (119.0^1.01) × 
SD/(mean^1.01), and (132.7^0.52) × SD/(mean^0.52), respectively.   

Results based on 5 home readings were confirmatory for morning blood 
pressure (Table S4) as well as for the evening blood pressure (Table S5).   
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Table S1: Baseline Characteristics of Participants by Fourths of the Distribution of Overall Systolic 
Variability Independent of the Mean in the Evening  

Characteristic  Categories of Systolic Blood Pressure Variability  P Value 

Limits, units       

Women  0.46–6.94   6.94–8.56  8.57–10.4  10.4–22.5   

Men  0.51–6.69   6.69–8.37  8.38–10.3  10.4–28.1   

Number of participants, %       

All participants in category   604  606 606 605  

Antihypertensive treatment  116 (19.2)  144 (23.8)  168 (27.7)  228 (37.7)† <0.0001 

Smokers  130 (21.5)  121 (20.0)  114 (18.8)  110 (18.2)  0.48  

Drinking alcohol  114 (25.6)  111 (24.4)  122 (26.7)  124 (27.2)  0.78  

Diabetes mellitus  43 (7.1)  69 (11.4)*  54 (8.9)  53 (8.8)  0.077 

Cardiovascular disease   15 (2.5)  17 (2.8)  13 (2.2)  25 (4.1)  0.18  

Mean (SD) of characteristic        

Age, y 54.4 (12)  57.2 (11.6)† 59.9 (12.2)† 62.8 (11.9)† <0.0001 

Body mass index, kg/m2  23.7 (2.7)  23.5 (2.9)  23.4 (2.9)  23.1 (3)  0.0050 

Serum total cholesterol, mmol/L  4.95 (0.80)  5.05 (0.82)  5.00 (0.89)  4.99 (0.85)  0.093 

Systolic blood pressure, mm Hg  122.1 (15.4)  120.4 (13.7)  121.7 (14.4)  122.6 (14.4)  0.077 

Diastolic blood pressure, mm Hg  73.6 (9.9)  72.5 (9.4)  72.3 (9.2)  72 (9.4)  0.017 

Heart rate, beats per minute  69.6 (7.4)  69.7 (7.5)  69.2 (7.8)  68.9 (8.4)  0.13 

Mean (SD) of variability index        

SD, mm Hg  5.5 (1.3)  7.6 (1.1)‡  9.4 (1.4)‡  12.7 (2.7)‡  <0.0001 

Coefficient of variation, %  4.5 (0.9)  6.3 (0.4)‡  7.7 (0.5)‡  10.3 (1.7)‡  <0.0001 

Maximum-minimum difference, mm Hg   21.6 (6.3)  29.9 (6.1)‡  36.9 (7.6)‡  47.7 (11.5)‡  <0.0001 

Average real variability, mm Hg   5.8 (1.7)  8 (1.6)‡  9.9 (2)‡  13 (3.4)‡  <0.0001 

Values are number of participants (%) or arithmetic mean (SD).  Blood pressure variability is based on self-measurement in 
the evening on 5 days just before going to bed. Drinking status was unavailable in 608 participants.  P denotes the 
significance of the linear trend across categories of systolic blood pressure level.   
*P<0.05, significance of the difference with the adjacent lower fourth.  
†P<0.001, significance of the difference with the adjacent lower fourth.  
‡P<0.0001, significance of the difference with the adjacent lower fourth.  
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Table S2: Baseline Characteristics of Participants by Sex and Treatment Status  

Characteristic Women  Men   Untreated   Treated   

Number of participants, %       
All participants in category   1475  946   1765  656  
Women  …  …   1057 (59.9)  418 (63.7)  
Antihypertensive treatment  418 (28.3)   238 (25.2)    …  …   
Smokers  38 (2.6)   437 (46.2)§   382 (21.6)  93 (14.2)§  
Drinking alcohol  75 (6.3)   396 (64.5)§    346 (26.6)  125 (24.3)  
Diabetes mellitus  128 (8.7)   91 (9.6)   133 (7.5)   86 (13.1)§  
Cardiovascular disease   33 (2.2)  37 (3.9)*   31 (1.8)   39 (6.0)§  

Mean (SD) of characteristic        
Age, y  58.8 (12.3)  58.2 (12.4)   55.8 (12.0)  66.1 (9.7)§  
Body mass index, kg/m2  23.6 (3.0)  23.2 (2.6)‡   23.3 (2.8)  23.9 (3.1)§  
Serum total cholesterol, mmol/L  5.14 (0.86)   4.77 (0.76)§   4.95 (0.81)  5.13 (0.92)§  

Mean (SD) of morning measurement       
Systolic blood pressure, mm Hg       

Level, mm Hg  121.6 (14.8)  127.3 (14.4)§   119.8 (13.3)  134.6 (13.9)§  
SD, mm Hg  8.7 (3.2)  8.4 (3.1)   8.0 (2.9)  10.2 (3.5)§  
Coefficient of variation, %  7.1 (2.4)  6.6 (2.2)§   6.7 (2.2)  7.6 (2.5)§  
Variability independent of the mean, units  8.9 (2.9)  8.1 (2.7)§   8.3 (2.8)  9.2 (3.0)§  
Maximum-minimum difference, mm Hg   33.7 (13.1)  32.2 (12.4)†   30.9 (11.8)  39.2 (13.6)§  
Average real variability, mm Hg   8.9 (3.5)  8.7 (3.5)   8.3 (3.2)  10.3 (3.8)§  

Diastolic blood pressure, mm Hg  72.0 (9.2)  78.7 (9.5)§   72.9 (9.2)  79.3 (10.0)§  
Heart rate, beats per minute  67.7 (7.4)  67.2 (8.2)   68.0 (7.3)  66.2 (8.6)§  

Mean (SD) of evening measurement       
Systolic blood pressure, mm Hg       

Level, mm Hg  120.3 (14.9)  123.9 (13.5)§   118.2 (13.3)  131.1 (13.4)§  
SD, mm Hg  8.8 (3.1)  8.9 (3.2)   8.3 (2.9)  10.3 (3.3)§  
Coefficient of variation, %  7.3 (2.3)  7.1 (2.4)   7.0 (2.3)  7.8 (2.4)§  
Variability independent of the mean, units  8.9 (2.8)  8.7 (2.9)   8.5 (2.8)  9.5 (2.9)§  
Maximum-minimum difference, mm Hg   34.2 (12.4)  33.7 (12.9)   31.8 (11.6)  40.0 (13.4)§  
Average real variability, mm Hg   9.1 (3.4)  9.3 (3.6)   8.7 (3.3)  10.5 (3.5)§  

Diastolic blood pressure, mm Hg  70.8 (9.4)  75.4 (9.0)§   71.0 (9.1)  76.8 (9.2)§  
Heart rate, beats per minute  68.7 (7.2)  70.3 (8.5)§   69.8 (7.4)  68.2 (8.6)§  

Values are number of participants (%) or arithmetic mean (SD).  Blood pressure is based on self-measurement in the 
morning and evening on 5 days.  Drinking status was unavailable in 608 participants.   
*P<0.05, significance of the differences according to sex or treatment status.  
†P<0.01, significance of the differences according to sex or treatment status.  
‡P<0.001, significance of the differences according to sex or treatment status.  
§P<0.0001, significance of the differences according to sex or treatment status.  
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Table S3: End Points by Sex and Treatment Status  

Characteristic   Women  Men   Untreated   Treated   

Number of end points, %       

All participants in category   1475  946   1765   656  

Total mortality  183 (12.4)  229 (24.2)*   231 (13.1)  181 (27.6)*  

Cardiovascular mortality  61 (4.1)  78 (8.3)*   68 (3.9)   71 (10.8)*  

Stroke  108 (7.3)  115 (12.2)*   113 (6.4)  110 (16.8)*  

End points per 1000 person-years  

(95% confidence intervals)  
  

 
  

Total mortality   10.2  

(8.8–11.7)  

21.4  

(18.9–23.8)  

 10.7  

(9.5-12.1)  

24.9  

(21.8-28.1)  

Cardiovascular mortality  3.4  

(2.6–4.3)  

7.5  

(6.0–9.3)  

 3.2  

(2.5-4.0)  

9.9  

(7.8-12.3)  

Stroke  6.4  

(5.3–7.6)   

11.6  

(9.6–13.7)  

 5.4  

(4.5-6.5)   

16.9  

(14.1-20.0)  

Values are number of end points (%) or rates per 1000 person-years (95% confidence interval).   
*P<0.0001, significance of the differences according to sex or treatment status.  
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Table S4: Adjusted Standardized Hazard Ratios for End Points in Relation to the Mean and Overall Variability of Systolic Pressure in the Morning, 
Using 5 Home Readings   

End Point (n)   

Basic model, Mean SBP 

 Full model  

 VIM   MMD   ARV  

RH (95% CI)  R2 (%)   RH (95% CI)  R2 (%)   RH (95% CI)  R2 (%)   RH (95% CI)  R2 (%)  

All participants               

Total mortality (412)  1.14 (1.02–1.27)*   22.9   1.13 (1.03–1.24)*  0.26   1.11 (1.01–1.21)*  0.20   1.09 (1.00–1.19)  0.14  

CV mortality (139)   1.26 (1.05–1.51)*   10.6   1.24 (1.06–1.44)†  0.29   1.18 (1.02–1.37)*  0.20   1.12 (0.96–1.29)  0.08  

Stroke (223)   1.32 (1.14–1.53)‡   8.0   1.13 (0.99–1.28)  0.14   1.10 (0.97–1.24)  0.09   1.06 (0.93–1.20)  0.03  

Untreated  participants             

Total mortality (231)  1.14 (1.01–1.30)*   20.0   1.13 (0.99–1.28)  0.19   1.12 (0.99–1.26)  0.18   1.09 (0.97–1.23)  0.11  

CV mortality (68)   1.34 (1.06–1.68)*  7.7   1.11 (0.88–1.40)  0.04   1.07 (0.86–1.33)  0.02   1.08 (0.87–1.32)  0.03  

Stroke (113)   1.31 (1.09–1.58)†  6.6   1.15 (0.97–1.37)  0.13   1.11 (0.94–1.31)  0.08   1.15 (0.98–1.36)  0.15  

Treated participants             

Total mortality (181)  1.08 (0.93–1.26)   24.0   1.14 (0.99–1.31)  0.51   1.11 (0.96–1.28)  0.31   1.12 (0.97–1.29)  0.34  

CV mortality (71)  1.16 (0.91–1.49)   13.4   1.33 (1.08–1.64)†  1.01   1.29 (1.04–1.59)*  0.79   1.16 (0.93–1.46)  0.24  

Stroke (110)  1.23 (1.01–1.50)*   4.7   1.12 (0.92–1.35)  0.19   1.10 (0.91–1.33)  0.14   0.98 (0.80–1.20)  0.01  

Systolic blood pressure (SBP) level and variability are based on self-measurement in the morning on 5 days within 1 hour after awakening and before taking antihypertensive 
medications in treated participants.  VIM, MMD and ARV indicate variability independent of the mean, the difference between maximum and minimum blood pressure and 
average real variability.  CV indicates cardiovascular.  The basic model accounts for sex, age, body mass index, heart rate, smoking and drinking, serum cholesterol, and 
diabetes mellitus, and history of CV disease.  Full models include the aforementioned covariables and both mean SBP and an index of SBP variability.   Hazard ratios (HRs), 
given with 95% confidence interval (CIs), express the risk associated with a 1-SD increase in the explanatory variables: in all participants, 15.9 mm Hg for level of blood 
pressure and 4.1 units, 10.6 mm Hg, 5.4 mm Hg for VIM, MMD and ARV, respectively.  The R2 statistic is a measure for the risk prediction provided by the basic model 
including mean SBP or the additive contribution of the indexes of variability.  Significance of the hazard ratios: *P<0.05; †P<0.01; and ‡P<0.001.   
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Table S5: Adjusted Standardized Hazard Ratios for End Points in Relation to the Mean and Overall Variability of Systolic Pressure in the Evening, 
Using 5 Home Readings   

End Point (n)   

Basic model, Mean SBP 

 Full model  

 VIM   MMD   ARV  

RH (95% CI)  R2 (%)   RH (95% CI)  R2 (%)   RH (95% CI)  R2 (%)   RH (95% CI)  R2 (%)  

All participants               

Total mortality (412)  1.14 (1.02–1.26)*   22.7   1.05 (0.95–1.15)  0.03   1.03 (0.94–1.13)  0.02   1.02 (0.93–1.12)  0.01  

CV mortality (139)   1.28 (1.07–1.52)†   10.6   1.04 (0.88–1.23)   0.01   1.04 (0.89–1.21)  0.01   0.98 (0.84–1.15)  <0.01  

Stroke (223)   1.49 (1.29–1.71)§    8.6   0.98 (0.86–1.12)  <0.01   0.98 (0.86–1.11)  <0.01   0.93 (0.82–1.05)  0.06  

Untreated  participants             

Total mortality (231)  1.14 (1.00–1.30)*   19.8   1.07 (0.94–1.22)   0.06   1.06 (0.93–1.19)  0.04    1.09 (0.96–1.23)  0.10  

CV mortality (68)   1.48 (1.17–1.86)‡   7.8   1.10 (0.87–1.38)   0.03   1.09 (0.89–1.35)  0.04   1.04 (0.84–1.30)  0.01  

Stroke (113)   1.55 (1.29–1.87)§  7.2   1.00 (0.83–1.19)   <0.01   1.00 (0.85–1.19)  <0.01   0.95 (0.79–1.13)  0.02  

Treated participants             

Total mortality (181)  1.10 (0.95–1.27)   24.0   1.01 (0.87–1.17)   <0.01   1.01 (0.87–1.16)  <0.01   0.95 (0.82–1.09)  0.08  

CV mortality (71)  1.10 (0.87–1.39)   13.3   0.96 (0.76–1.22)   0.02   0.96 (0.76–1.22)  0.01   0.92 (0.73–1.16)  0.08  

Stroke (110)  1.32 (1.10–1.59)†    5.4   0.96 (0.79–1.16)   0.03   0.96 (0.80–1.16)  0.02   0.92 (0.76–1.10)  0.13  

Systolic blood pressure (SBP) level and variability are based on self-measurement on 5 days before going to bed.  VIM, MMD and ARV indicate variability independent of the 
mean, the difference between maximum and minimum blood pressure and average real variability.  CV indicates cardiovascular.  The basic model accounts for sex, age, body 
mass index, heart rate, smoking and drinking, serum cholesterol, and diabetes mellitus, and history of CV disease.  Full models include the aforementioned covariables and 
both mean SBP and an index of SBP variability.  Hazard ratios (HRs) given with 95% confidence interval (CIs) express the risk associated with a 1-SD increase in the 
explanatory variables: in all participants, 15.4 mm Hg for level of blood pressure and 4.0 units, 10.5 mm Hg, 5.4 mm Hg for VIM, MMD and ARV, respectively.  The R2 statistic is 
a measure for the risk prediction provided by the basic model including mean SBP or the additive contribution of the indexes of variability.  Significance of the hazard ratios: 
*P<0.05; †P<0.01; ‡P<0.001; and §P<0.0001.   
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Figure S1:  Absolute 10 -year risk of cardiovascular mortality (A, C) and stroke incidence (B, D) in relation to the mean level of systolic blood 
pressure measured at home in the morning (A, B) or evening (C, D) in 1765 untreated  participants.   
Treatment status was determined at baseline.  The analyses were standardised to the distributions (mean or ratio) of sex, age, body mass index, heart rate, 

smoking and drinking, total cholesterol, diabetes mellitus, and history of cardiovascular diseases.  In each panel, mean systolic blood pressure along the 

horizontal axis (SBP) covers the 2.5th to 97.5th percentile interval.  Four continuous lines represent the risk independently associated with variability 

independent of the mean (VIM) equal to 3, 6, 9 and 12 units.  P values are for the independent effect of SBP (PSBP) and VIM (PVIM).  np and ne indicate the 

number of participants at risk and the number of events.    
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Figure S2:  Absolute 10 -year risk of cardiovascular mortality (A, C) and stroke incidence (B, D) in relation to the mean level of systolic blood 
pressure measured at home in the morning (A, B) or evening (C, D) in 656 treated  participants.   
Treatment status was determined at baseline.  The analyses were standardised to the distributions (mean or ratio) of sex, age, body mass index, heart rate, 

smoking and drinking, total cholesterol, diabetes mellitus, and history of cardiovascular diseases.  In each panel, mean systolic blood pressure along the 

horizontal axis (SBP) covers the 2.5th to 97.5th percentile interval.  Four continuous lines represent the risk independently associated with variability 

independent of the mean (VIM) equal to 3, 6, 9 and 12 units.  P values are for the independent effect of SBP (PSBP) and VIM (PVIM).  np and ne indicate the 

number of participants at risk and the number of events.   
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