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Home blood pressure (HBP) measurements are known to be lower than conventional office blood pressure (OBP) measurements.

However, this difference might not be consistent across the entire age range and has not been adequately investigated. We

assessed the relationship between OBP and HBP with increasing age using the International Database of HOme blood pressure

in relation to Cardiovascular Outcome (IDHOCO). OBP, HBP and their difference were assessed across different decades of age.

A total of 5689 untreated subjects aged 18–97 years, who had at least two OBP and HBP measurements, were included.

Systolic OBP and HBP increased across older age categories (from 112 to 142 mm Hg and from 109 to 136 mm Hg,

respectively), with OBP being higher than HBP by ∼7 mm Hg in subjects aged 430 years and lesser in younger subjects

(P=0.001). Both diastolic OBP and HBP increased until the age of ∼50 years (from 71 to 79 mm Hg and from 66 to

76 mm Hg, respectively), with OBP being consistently higher than HBP and a trend toward a decreased OBP–HBP difference

with aging (Po0.001). Determinants of a larger OBP–HBP difference were younger age, sustained hypertension, nonsmoking

and negative cardiovascular disease history. These data suggest that in the general adult population, HBP is consistently lower

than OBP across all the decades, but their difference might vary between age groups. Further research is needed to confirm

these findings in younger and older subjects and in hypertensive individuals.
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INTRODUCTION

Several studies have shown that home blood pressure (HBP)
measurements give lower values than conventional office blood
pressure (OBP) measurements.1 Therefore, the current guidelines
recommend higher blood pressure (BP) thresholds for defining hyper-
tension based on office compared with home measurements.1–3

The current evidence on the difference between OBP and HBP
measurements is based on studies that analyzed average BP values of

samples including subjects of different ages.4–6 Whether the
OBP–HBP difference is consistent across the entire age range is
unclear. Some evidence suggests that the relationship of office with
home or daytime ambulatory BP (dABP) differs with increasing
age.4–6 This information has important implications for clinical
practice where physicians classify patients into white-coat, masked
and sustained hypertensives on the basis of office and out-of-office
BP measurements.
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This study assessed the relationship between OBP and HBP
measurements in adults from the general population across each
decade of age.

METHODS

Population
The International Database of HOme blood pressure in relation to
Cardiovascular Outcome (IDHOCO) has been constructed using population
cohorts with individual subjects’ data, including OBP and HBP measurements
and information on subsequent fatal and nonfatal cardiovascular outcomes.
The protocols have been approved by scientific ethics committees, and
participants provided written informed consent. The results have been
published in peer-reviewed journals.7

At the time of writing this report, the IDHOCO data set included 7
prospective studies (n= 8912) performed in Ohasama, Japan (n= 2777),8

Finland (Finn-Home; n= 2075),9 Tsurugaya, Japan (n= 836),10 Didima, Greece
(n= 665),11 Montevideo, Uruguay (n= 400),12 Buenos Aires, Argentina
(n= 426)13 and Dijon, France (n= 1733).14 The Buenos Aires cohort13

(n= 426) was excluded because it included referred patients rather than a
population cohort. Moreover, 2516 subjects were excluded because they were
on antihypertensive drugs (irrespective of the indication), 10 because of
unknown antihypertensive treatment status, 270 because of inadequate OBP
or HBP measurements and 1 because of unknown cardiovascular disease
history (Figure 1).

BP measurements
Office. At least two baseline OBP measurements were required for inclusion.
OBP was measured in a sitting8,9,11,12,14 or supine10 position, after 2 or 5 min of
rest, using a standard mercury sphygmomanometer (2 studies)9,11 or a
validated automated arm device (4 studies)8,10,12,14 with appropriate cuff size,
and in a single visit (5 studies)8–10,12,14 or 2 visits (1 study).11 The averages of
the first two readings of the first visit were analyzed.

Home. At least two baseline HBP measurements were required. HBP was
measured after a 2–5-min sitting rest using validated electronic arm devices
with appropriate cuff size, in the morning and evening (5 studies),8,9,11,12,14 or
only in the morning (1 study).10 The median number of HBP readings ranged
from 2 (Montevideo) to 51 (Ohasama). Five studies (93.7% of the participants)
obtained a median of ⩾ 12 readings.8–11,14 All available HBP readings were
averaged.

Additional information
Baseline information was recorded regarding the subjects’ age, gender, ethnicity,
body mass index (BMI), smoking and drinking habits, diabetes mellitus (self-
reported diagnosis, fasting or random blood glucose ⩾ 7.0 or ⩾ 11.1 mmol l− 1,
respectively, or antidiabetic drug use) and cardiovascular disease history
(cardiac, cerebrovascular, peripheral arterial disease).

Hypertension phenotypes
Office hypertension was defined as systolic OBP ⩾ 140 and/or diastolic
⩾ 90 mm Hg and home hypertension as systolic HBP ⩾ 135 and/or diastolic
⩾ 85 mm Hg,2 normotension as low OBP and HBP (systolic and diastolic),
white-coat hypertension as elevated OBP (systolic and/or diastolic) with low
HBP (systolic and diastolic), masked hypertension as elevated HBP (systolic
and/or diastolic) with low OBP (systolic and diastolic) and sustained
hypertension as elevated OBP and HBP (systolic and/or diastolic).

Statistical analysis
The analysis was performed using baseline data only. Subjects were divided into
6 age subgroups (18–30, 30–40, 40–50, 50–60, 60–70 and ⩾ 70 years).
Participants’ characteristics and BP values across different age subgroups were
compared with one-way analysis of variance or Kruskal–Wallis test as
appropriate and χ2 tests for categorical variables. OBP and HBP measurements
of each age subgroup were compared using paired t-tests. An unpaired t-test
was used to compare BP values and OBP–HBP differences per age subgroup
between the sensitivity and main analyses. Linear multiple regression analysis
was performed, with the center included as a random effect variable, to identify
determinants of the OBP–HBP differences. Independent variables included
gender, age, BMI, smoking, alcohol consumption, diabetes mellitus, cardiovas-
cular disease history and sustained hypertension. The prevalence of white-coat,
masked and sustained hypertension was compared among different age
subgroups and separately by gender using χ2 tests. Multivariate logistic
regression analyses were performed to identify independent determinants of
white-coat, masked and sustained hypertension. Age, gender, BMI, smoking
and alcohol use, diabetes and cardiovascular disease history were considered as
independent variables, with the center included as a random effect variable. The
results are presented as mean values± s.d., unless otherwise stated. The
Statistical Package for Social Sciences software was used (IBM Corp. Released
2012, SPSS Statistics for Windows, Version 21.0. Armonk, NY, USA). A
probability value Po0.05 was considered statistically significant.

RESULTS

A total of 5689 untreated subjects were analyzed (2010 from Ohasama,
Japan,8 1604 from Finland,9 476 from Tsurugaya, Japan,10 561 from
Didima, Greece,11 356 from Montevideo, Uruguay12 and 682 from
Dijon, France14) (Figure 1). The baseline characteristics differed across
age groups (P⩽ 0.001), except for gender (Table 1). The age category
of 18–30 years included only Caucasians. There was an increasing
prevalence of diabetes mellitus and cardiovascular disease with
increasing age. Current smoking, alcohol use and BMI showed a
nonlinear relationship with age.
Systolic OBP and HBP progressively increased from the youngest to

the oldest age category (from 112 to 142 mmHg and from 109 to
136 mmHg, respectively). Diastolic OBP and HBP also increased with
age until 50–60 years (71–79 and 66–76 mmHg, respectively; Figure 2
and Supplementary Table S1). The same analysis by gender showed a
steeper systolic OBP and HBP increase in women (106–142 and
103–136 mmHg, respectively) than in men (120–141 and
118–136 mmHg, Po0.001). In both genders, diastolic OBP and
HBP increased with age until 50–60 years and thereafter remained
stable in women and slightly decreased in men (Supplementary
Table S2 and Supplementary Figure S1).
Across all the age subgroups, OBP was consistently higher than

HBP (P⩽ 0.001 for all systolic/diastolic comparisons within each
subgroup). The age-dependent OBP–HBP differences are presented
in Figure 2. The systolic OBP–HBP differences were similar in age
subgroups 430 years (average 6.8± 14.9 mmHg) and smaller in
younger subjects (2.9± 11.5 mmHg, P= 0.001). The diastolic
OBP–HBP difference was reduced from the youngest (5.2± 8.3 mmHg)
to the oldest subgroup (1.2± 9.5 mmHg, Po0.001 for trend).
Analyses by gender showed larger (Po0.001) systolic OBP–HBPFigure 1 Flowchart of study participants.
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differences in middle-aged (40–60 years) women (8.6± 13.7 mmHg)
than men (6.5± 13.4 mmHg). The diastolic OBP–HBP differences
showed a similar pattern with aging in both genders (Supplementary
Table S2 and Supplementary Figure S2).
An additional analysis including only subjects with ⩾ 12 HBP

readings (Supplementary Table S3) revealed similar OBP–HBP
differences across the age subgroups in comparison with the main
analysis (Supplementary Table S1), apart from a borderline 2 mmHg
higher systolic BP difference in the subgroup of participants aged
30–40 years (8.7± 12.1 vs. 6.7± 12.4 mmHg, respectively; P= 0.04).
In addition, by repeating the analysis using mean HBP of the first
3 days only15 or morning HBP only, no remarkable differences from
the main analysis were found (Supplementary Figures S3 and S4).

To evaluate the potential impact of supine vs. seated OBP
measurements on the results, an additional analysis was conducted
after excluding the Tsurugaya study that obtained supine measure-
ments (n= 476; all aged ⩾ 69 years; 8.4% of the sample size).10 The
average OBP–HBP differences per age subgroup did not differ
significantly from the corresponding BP differences of the main
analysis (Supplementary Table S1), with the exception of a smaller
diastolic OBP–HBP difference in the oldest subgroup (1.8± 8.7 vs.
3.1± 9.0 mmHg, respectively; Po0.01).
The prevalence of white-coat hypertension increased until the fifth

decade (from 4 to 15%, Po0.001) and thereafter remained relatively
stable (Figure 3). Masked and sustained hypertension, although scarce
in younger participants (0.6%), consistently increased with aging, with

Table 1 Participants’ characteristics by age category (proportion % in parentheses)

Age subgroup (years) 18–30 30–40 40–50 50–60 60–70 ⩾70

N (participants) 172 373 1003 1345 1097 1699

Age (years) 25.9±3.1 36.6±2.5 46.0±2.6 54.8±2.9 64.7±2.9 76.7±4.6

Sex (male) 71 (41.3) 143 (38.3) 441 (44.0) 582 (43.3) 484 (44.1) 712 (41.9)

Body mass index (kg m−2) 23.9±4.0 24.4±3.6 25.5±4.0 25.6±4.1 25.4±4.2 24.3±3.6

Smoking status
Former/never 109 (63.4) 266 (71.3) 694 (69.2) 1027 (76.5) 890 (81.2) 1520 (89.8)

Current 63 (36.6) 107 (28.7) 309 (30.8) 316 (23.5) 206 (18.8) 173 (10.2)

Alcohol intake 18 (19.8) 72 (31.3) 543 (67.5) 683 (59.1) 451 (48.5) 856 (56.1)

Ethnicity
White/Caucasian 172 (100.0) 192 (51.5) 653 (65.1) 788 (58.6) 504 (45.9) 212 (47.4)

Asians 0 (0.0) 181 (48.5) 350 (34.9) 557 (41.4) 593 (54.1) 894 (52.6)

Cardiovascular disease 4 (2.3) 11 (2.9) 15 (1.5) 43 (3.2) 106 (9.7) 199 (11.7)

Diabetes mellitus 2 (1.2) 0 (0.0) 31 (3.1) 86 (6.4) 100 (9.1) 134 (7.9)

There were 954 missing values for alcohol intake and 9 for smoking. Po0.0001 for between-group differences of all variables except gender.

Figure 2 Office and home blood pressure (BP) levels and their differences per age subgroup. Lower panel graphs present mean BP differences in each age
category; dashed gray lines indicate 95% confidence intervals of the differences.
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sustained hypertension displaying a steeper increase and being more
common than masked hypertension in the older participants (36.4%
vs. 13% in subjects ⩾ 70 years, respectively, Po0.001; Figure 3).
Similar trends in hypertension phenotype prevalence across age
categories were observed in both genders. However, in most age
categories, masked and sustained hypertension were more common in
men than in women (11.2% vs. 7.1%, Po0.0001 and 24.1% vs. 18.9%,
Po0.0001, respectively; Supplementary Table S4 and Supplementary
Figure S5). With regard to the prevalence of white-coat hypertension,
there was a significant interaction between gender and age category
(P= 0.04). In subjects o50 years old, the prevalence of white-coat
hypertension was higher in men than women (15.1% vs. 8.5%,
Po0.001), with no such difference in older subjects.
Multivariable linear regression analyses adjusted for center were

performed to identify determinants of the OBP–HBP difference
(Table 2). Sustained hypertension appeared to increase the
OBP–HBP difference (systolic/diastolic), whereas age, smoking and
cardiovascular disease history diminished this difference. BMI was a
significant negative predictor of the systolic OBP–HBP difference.
All the covariates combined explained only 3% and 6% of the
between-subject variability in the systolic and diastolic OBP–HBP
difference, respectively.
In the multivariate logistic regression analyses exploring the

determinants of hypertension phenotypes and adjusting for center,
older age (odds ratio (OR) 1.04, 95% confidence interval (CI)
1.03–1.05; Po0.001) and higher BMI (OR 1.08, 95% CI 1.05–1.10;
Po0.001) were found to increase the odds of white-coat hypertension
(vs. normotensives), whereas female gender decreased these odds
(0.70, 95% CI 0.58–0.86; P= 0.001). For masked hypertension, older
age (OR 1.07, 95% CI 1.06–1.09; Po0.001), higher BMI (1.18, 95%
CI 1.15–1.22; Po0.001), smoking (1.75, 95% CI 1.31–2.32; Po0.001)
and diabetes (1.57, 95% CI 1.07–2.31; P= 0.022) were positive, but
female gender was a negative (0.59, 95% CI 0.47–0.75; Po0.001)
determinant (vs. normotensives). For sustained hypertension, older
age (OR 1.09, 95% CI 1.08–1.10; Po0.001), higher BMI (1.21, 95%
CI 1.18–1.24; Po0.001) and smoking (1.33, 95% CI 1.05–1.68;
P= 0.016) were found to increase, whereas the female gender was
found to diminish (0.65, 95% CI 0.54–0.78; Po0.001), the probability
of this phenotype (vs. normotensives).

DISCUSSION

This analysis explored the relationship between OBP and HBP
measurements with aging in 5689 untreated adults from population
cohorts of the IDHOCO database. The main findings are as follows:
(1) systolic OBP and HBP progressively increase with aging, with OBP

being consistently higher than HBP by ∼ 7 mmHg in subjects aged
430 years and lesser in younger subjects; (2) diastolic OBP and HBP
also increased with aging until the fifth decade, with OBP being
consistently higher than HBP and with a trend for this difference to
decrease with aging; (3) women have lower OBP and HBP values than
men until the fifth decade but display a steeper systolic OBP and HBP
increase with age and larger systolic OBP–HBP differences in middle
age than men; and (4) age, sustained hypertension, smoking and
cardiovascular disease history are the main determinants of the
OBP–HBP difference.
The age-dependent difference between office and out-of-office BP is

an intriguing yet obscure issue in adults4–6 and children.16,17 In line
with the present findings, a meta-analysis of 7 population-based
studies and 1 school-based study (n= 4916) reported that OBP was
consistently higher than HBP across all age groups.4 However, the
systolic OBP–HBP difference increased with increasing age, whereas
the diastolic difference remained unchanged.4 This observation
contrasts with the present findings showing that the systolic
OBP–HBP difference is similar among subjects aged 430 years but
lower in younger adults, and the diastolic difference is reduced with
aging. This disagreement might be attributed to methodological
differences in the analysis that was based on individual subject
data in the present work, compared with aggregated data in the
meta-analysis by Ishikawa et al.4,18

Stergiou et al.5 investigated the relationship between office and
out-of-office BP in 642 adults and children who were referred to a
hypertension clinic. The analysis of adults (n= 465) confirms the
consistently higher OBP than HBP in all age subgroups but with
different patterns of change than in the present study.5 Although both
systolic OBP and HBP increased with aging, there was a ‘plateau’
period in middle age. In addition, both diastolic OBP and HBP
displayed an inverse U-shaped relationship with aging.5 These partially
contradictory results might be attributed to different BP evaluation
protocols and participant characteristics. The considerably higher
BP levels and hypertension prevalence in the study by Stergiou
et al.5 are because that study included subjects who were referred to
a hypertension clinic.18 The large population sample of the present
analysis (n= 5689 vs. 642 in the study by Stergiou et al.5) allowed a
thorough analysis of the OBP–HBP difference determinants by
considering additional factors, including ethnicity, smoking, alcohol
consumption, diabetes and cardiovascular disease.
Conen et al.6 investigated the age-specific differences between OBP

and dABP based on the International Database of Ambulatory Blood
Pressure in relation to Cardiovascular Outcome (IDACO) constructed
from general population studies (n= 9550). It should be noted that the
IDACO and the IDHOCO projects, in addition to investigating
different BP measurement methodologies (ambulatory and home
BP, respectively), were based on different databases, as they included
very dissimilar studies and populations (13 cohorts in the IDACO
compared with 6 in the IDHOCO). Eleven of 13 cohorts included in
the IDACO analysis by Conen et al.6 were not included in the present
work, and 4 of 6 cohorts included in the present work were not
included in that by Conen et al.6 Despite these differences, Conen
et al.,6 in line with the present study, reported that systolic OBP
displayed a progressive increase with aging from 117 to 149 mmHg.
Thus, there was an increase from the youngest to the oldest subgroup
of 32 compared with 30 mmHg in the present study.6 However, the
systolic dABP increase with age was only 13 mmHg (from 123 to
136 mmHg), which was approximately half of the respective HBP
increase in the present study (27 mmHg, from 109 to 136 mmHg).6

The comparison of the present work with that by Conen et al.6
Figure 3 Prevalence of white-coat, masked and sustained hypertension
according to age categories.
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suggests that systolic dABP is higher than HBP in younger individuals
in the general population, and this difference is eliminated with
increasing age. These findings are supported by the abovementioned
study by Stergiou et al.5 in subjects who were referred to a
hypertension clinic and assessed by dABP and HBP monitoring. This
result might be explained by the higher activity levels of the younger
subjects during the day, whereas HBP is measured in a sitting position.
The increase in OBP and HBP with aging is consistent with the

higher prevalence of hypertension with aging, together with a higher
awareness and concern about cardiovascular risks in the elderly.19

The higher OBP than HBP across all age subgroups is probably
because of the alert reaction in the office (white-coat effect).
Moreover, HBP may often detect additional aspects of BP behavior,
such as postprandial hypotension, a frequent phenomenon especially
in elderly hypertensives.20 Regarding the factors affecting the
OBP–HBP difference, the present analysis confirms previous reports
showing that older age and smoking decrease this difference.21,22

Furthermore, cardiovascular disease history was found to diminish
whereas sustained hypertension aggravated the BP discrepancies.
This study confirmed the increasing prevalence of all hypertension

phenotypes (and particularly sustained hypertension) with aging that
was probably underestimated because of the exclusion of treated
hypertensives. In most age subgroups, white-coat hypertension was
more prevalent than masked hypertension, with this difference tending
to be eliminated in the youngest and oldest individuals and more
common than sustained hypertension until the fifth decade of age.
These findings contrast with the data by Conen et al.6 based on dABP,
in which masked hypertension reached the highest rates in individuals
aged 30–50 years, whereas in those aged o50–60 years, white-coat
hypertension was less common than in the present study. Although it
has been suggested that dABP and HBP are similar and potentially
interchangeable methods for diagnosing hypertension,23,24 the afore-
mentioned disparity indicates that the measurement method used to
define hypertension phenotypes is crucial and that the BP thresholds
recommended by the current guidelines may not be appropriate in all
subjects irrespective of their age. Moreover, this study confirmed the
known impact of aging and obesity in increasing the prevalence of all
hypertension phenotypes25–28 and that male gender is a determinant
for masked and sustained hypertension.25,29 The known association of
masked hypertension with smoking and diabetes mellitus26,27 was also
observed but not the aggravating role of alcohol.27

From a clinical viewpoint, the present finding that the OBP–HBP
difference changes with increasing age raises concerns about the
applicability of the established reference values in adults of the entire

age spectrum. Current guidelines based on distributional analyses of
cross-sectional studies established the diagnostic HBP threshold at
135/85 mmHg for all adults. However, Niiranen et al.,30 analyzing the
IDHOCO database, introduced population-based outcome-driven HBP
thresholds at slightly lower values (130/85 mmHg). In addition, Nomura
et al.31 showed that when these thresholds were stratified by gender and
age, there was no significant difference between genders, but there was a
trend for a higher threshold (∼4/1 mmHg, systolic/diastolic) in subjects
aged ⩾ 60 years compared with younger adults. However, the present
analysis did not examine BP thresholds but rather the relationship of
OBP with HBP across the age spectrum. Moreover, in contrast to other
IDHOCO papers,30–32 it was based on a cross-sectional analysis and a
different data set that did not include outcome data.
The main advantages of the present study are the large sample size

derived from population cohorts and the analysis of individual
subjects. The limitations include (1) different methodologies for
evaluating the participants’ characteristics in different cohorts,
(2) uneven age subgroup sizes with limited precision in the youngest
subgroup and (3) the youngest group including only Caucasians. The
heterogeneity in the implementation of HBP monitoring schedules in
terms of the number or the timing of readings could also be
considered as a limitation; however, the results were robust when
additional analyses were performed. Interestingly, when only subjects
with at least 12 available HBP readings were included (based on the
minimum acceptable HBP monitoring schedule according to the
European Society of Hypertension guidelines), only minor differences
were observed compared with the main analysis.
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