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Abstract—The new American College of Cardiology/American Heart Association guideline reclassified office blood pressure and
proposed thresholds for ambulatory blood pressure (ABP). We derived outcome-driven ABP thresholds corresponding with
the new office blood pressure categories. We performed 24-hour ABP monitoring in 11 152 participants (48.9% women; mean
age, 53.0 years) representative of 13 populations. We determined ABP thresholds resulting in multivariable-adjusted 10-year
risks similar to those associated with elevated office blood pressure (120/80 mmHg) and stages 1 and 2 of office hypertension
(130/80 and 140/90 mmHg). Over 13.9 years (median), 2728 (rate per 1000 person-years, 17.9) people died, 1033 (6.8) from
cardiovascular disease; furthermore, 1988 (13.8), 893 (6.0), and 795 (5.4) cardiovascular and coronary events and strokes
occurred. Using a composite cardiovascular end point, systolic/diastolic outcome-driven thresholds indicating elevated 24-hour,
daytime, and nighttime ABP were 117.9/75.2, 121.4/79.6, and 105.3/66.2 mm Hg. For stages 1 and 2 ambulatory hypertension,
thresholds were 123.3/75.2 and 128.7/80.7 mmHg for 24-hour ABP, 128.5/79.6 and 135.6/87.1 mmHg for daytime ABP,
and 111.7/66.2 and 118.1/72.5 mmHg for nighttime ABP. ABP thresholds derived from other end points were similar. After
rounding, approximate thresholds for elevated 24-hour, daytime, and nighttime ABP were 120/75, 120/80, and 105/65 mmHg,
and for stages 1 and 2, ambulatory hypertension 125/75 and 130/80 mmHg, 130/80 and 135/85 mmHg, and 110/65 and 120/70
mm Hg. Outcome-driven ABP thresholds corresponding to elevated blood pressure and stages 1 and 2 of hypertension are similar
to those proposed by the current American College of Cardiology/American Heart Association guideline. (Hypertension.
2019;74:776-783. DOI: 10.1161/HYPERTENSIONAHA.119.13512.) ® Online Data Supplement
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the management of hypertension, therefore, recommended

R(:cording the ambulatory blood pressure (ABP) allows
the application of ABP monitoring for diagnosing hyperten-

isk stratification over and beyond the office blood pres-

sure (OBP) and is cost-effective in managing hypertension.'
The recently published American College of Cardiology
(ACC)/American Heart Association (AHA) guideline for

sion and adjusting antihypertensive drug treatment.* Based on
the new classification of OBP, the ACC/AHA guideline sug-
gested as ABP thresholds corresponding with office stage-1
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hypertension, systolic/diastolic blood pressure (BP) levels
of 125/75, 130/80, and 110/65 mmHg for the 24-hour, day-
time, and nighttime BP, respectively. Similarly, the guideline
also proposed ABP thresholds corresponding with office of
elevated BP (120/80 mm Hg) and stage-2 and severe hyperten-
sion (140/90 and 160/100 mmHg, respectively).* The objec-
tive of the current analysis was to determine outcome-driven
diagnostic BP thresholds for ambulatory recordings, corre-
sponding with the new cutoff levels proposed by ACC/AHA
for OBP. To this effect, we analyzed the International Database
on Ambulatory Blood Pressure in Relation to Cardiovascular
Outcome (IDACO), which at the time of writing of this article
included 13 654 people recruited from 13 populations.’

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Study Population

Previous publications describe the IDACO database in detail.’ Population
studies qualified for inclusion, if information on the OBP and the ABP
and cardiovascular risk factors was available at baseline and if follow-up
included both fatal and nonfatal outcomes. All studies received ethical
approval and adhered to the principles of the Declaration of Helsinki.®
Participants gave written informed consent. Of the 13654 people included
in the database, we excluded 2502 because they were teenagers <18 years
of age without events (n=317), because their OBP had not been measured
(n=223), because their use of antihypertensive drugs had not been recorded
(n=28), or because they had an ABP recording with <10 daytime and 5
nighttime readings (n=1934). Thus, the number of participants analyzed
was 11152. Table S1 available in the online-only Data Supplement pro-
vides detailed information on where and how participants were enrolled.

BP Measurement

Experienced observers measured the OBP with standard mercury sphyg-
momanometers or with validated auscultatory (USM-700F’) or oscil-
lometric (OMRON HEM-705CP* or Dinamap 8100°) devices, using
the appropriate cuff size, after the participants had rested for at least 2
minutes in the sitting or supine position. OBP was the average of 2 con-
secutive readings.! We programmed validated portable monitors to ob-
tain ABP readings at 30-minute intervals throughout the whole day, or
at intervals ranging from 15 to 30 minutes during daytime and from 20
to 60 minutes at night. Methods used for OBP and ABP measurement
are described for each cohort in Tables S2 and S3, respectively. Daytime
ranged from 10 am to 8 pm in Europeans and South Americans and from
8 AM to 6 pm in Asians. The corresponding nighttime intervals ranged
from midnight to 6 am and from 10 pm to 4 awm, respectively. Using
short, fixed clock-time intervals eliminates the transition periods in the
morning and evening when BP changes rapidly and produces daytime
and nighttime BP levels, which are within 1 mmHg of the levels dur-
ing wakefulness and sleep, respectively.'! Participants were categorized
according to their OBP and 24-hour ABP. Normotension and elevated
BP on OBP measurement were systolic levels of <120 mmHg and 120
to 129 mmHg and a diastolic level of <80 mmHg. Stage-1 and stage-2
hypertension and severe hypertension were systolic or diastolic levels of
130 to 139/80 to 89 mmHg, 140 to 159/90 to 99 mmHg, and >160/>100
mmHg, respectively. Considering the 24-hour ABP, normotension and
elevated BP were systolic levels of <115 mmHg and 115 to 124 mmHg
and a diastolic level of <75 mmHg. Stage-1 and stage-2 hypertension
and severe hypertension on ambulatory monitoring were systolic or dias-
tolic levels of 125 to 129/75 to 79 mmHg, 130 to 144/80 to 89 mmHg,
and >145/>90 mmHg, respectively. If systolic and diastolic BPs were
in different categories, the highest level was used to categorize people.

Ascertainment of Events

We ascertained vital status and the incidence of fatal and nonfatal
diseases from the appropriate sources in each country, as described
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in previous IDACO publications.’ Outcomes were coded according to
the International Classification of Diseases (ICD). Fatal and nonfatal
stroke (ICD 8/9 430-434 and 436, ICD 10 160-164) did not include
transient ischemic attacks. Coronary events encompassed death from
ischemic heart disease (ICD 8 411412, ICD 9 411 and 414, and ICD
10 120, 124-125), sudden death (ICD 8 427.2 and 795, ICD 9 427.5
and 798, and ICD 10 146 and R96), nonfatal myocardial infarction
(ICD 8/9 410, and ICD 10 121-122), and coronary revascularization.
Cardiovascular events included all aforementioned end points plus
cardiovascular mortality (ICD 8 390-448, ICD 9 390.0-459.9, and
ICD 10 100-179 and R96) and heart failure (ICD 8 428, 427.0, 427.1,
427.2, 429, 5191, and 78214, ICD 9 429, and ICD 10 I50 and J81).
In the Danish and Swedish cohorts, the diagnosis of heart failure re-
quired admission to hospital. In the other cohorts, heart failure was
either a clinical diagnosis or the diagnosis on the death certificate.
All events were validated against records held by family doctors or
hospitals. In the outcome analyses, only the first event within each
disease cluster was considered.

Statistical Analysis

For database management and statistical analysis, we used SAS soft-
ware, version 9.4 (SAS Institute, Cary, NC). We compared means
and proportions by the large sample z test or ANOVA and by the
%> test, respectively. Statistical significance was a 2-sided proba-
bility of <0.05. In exploratory analyses, we first plotted incidence
rates of mortality and cardiovascular events by the BP categories
proposed by the ACC/AHA guideline,* while standardizing by the
direct method for cohort, sex, and age (<40, 40-60, and 260 years).
Next, in multivariable-adjusted Cox regression, we accounted for co-
hort (random effect), sex, and baseline characteristics including age,
body mass index, smoking and drinking, serum cholesterol, antihy-
pertensive drug intake, history of cardiovascular disease, and dia-
betes mellitus. To adjust for cohort, we pooled participants recruited
in the framework of the European Project on Genes in Hypertension
(Novosibirsk, Krakow, Gdansk, Pilsen, and Padova).'> We checked
the proportional hazards assumption by the Kolmogorov-type supre-
mum test and by testing the interaction between follow-up duration
and the BP variables.

We obtained diagnostic thresholds for ABP monitoring in 5 steps.
First, we computed the 10-year incidence rates of mortality and car-
diovascular events associated with normal and elevated BP or hy-
pertension on OBP measurement. Second, we computed the 10-year
incidence rates of death and cardiovascular events associated with
ABP levels ranging from the 5th to the 95th percentile, using inter-
vals of 0.1 mmHg. In a third step, we selected the ABP levels that
were associated with similar 10-year risks as the OBP thresholds.
Next, we calculated the bootstrap distribution of the so-obtained ABP
thresholds by randomly resampling the study population 1000x with
replacement, using the PROC SURVEY SELECT procedure, as im-
plemented in the SAS package. For each new sample, we repeated the
first 3 steps. We accounted for tied event times, caused by resampling
with replacement, by the TIES=EXACT option in the PROC PHREG
procedure. Finally, we calculated the bootstrap point estimates and
95% Cls of the ABP thresholds as the mean+1.96 SEs of the boot-
strap distribution.

Results

Characteristics of Participants

Table 1 shows the baseline characteristics of the participants
by ethnicity. The whole study population comprised 6958
Europeans (62.4%), 2167 Asians (19.4%), and 2027 South
Americans (18.2%). Of the 11152 participants, 5455 were
women (48.9%), 6865 (61.6%) had hypertension on OBP meas-
urement, and 2190 (19.6%) were taking antihypertensive drugs.
Of 8962 untreated participants, 2848 (31.8%) and 1106 (12.3%)
had a normal or elevated OBP, respectively. Mean age was
53.0+15.9 years. At enrollment, 3059 participants (27.4%) were
current smokers and 5864 (52.6%) reported intake of alcohol.



T20Z ‘9T Jequieides uo Aq Hio'seulnofeye//:dny wouy papeoumoq

778 Hypertension

October 2019

Table 1. Baseline Characteristics of Participants

Characteristics by Ethnicity
Characteristics All Europeans Asians South Americans PValue
No. with characteristic, % 11152 6958 2167 2027
Women 5455 (48.9) 2936 (42.2)* 1343 (62.0)t 1173 (57.9)f <0.001
Smokers 3059 (27.4) 2171 (31.2* 468 (21.6) 420 (20.7)% <0.001
Drinking alcohol 5864 (52.6) 4531 (65.1)* 714 (33.0) 619 (30.5)% <0.001
Diabetes mellitus 847 (7.6) 329 (4.7 245 (11.3)t 273 (13.5)% <0.001
History of cardiovascular disease 1256 (11.3) 652 (9.4) 96 (4.4) 508 (25.1)F <0.001
Hypertension status
Normotension 3012 (27.0) 1952 (28.1)* 528 (24.4) 532 (26.3) 0.002
On treatment 164 (5.4) 81 (4.2)* 56 (10.6)1 27 (5.1) <0.001
Elevated BP 1275 (11.4) 770 (11.1)* 362 (16.7) 143 (7.1)% <0.001
On treatment 169 (13.3) 71(9.2)* 83 (22.9)t 15(10.5) <0.001
Stage-1 hypertension 2739 (24.6) 1835 (26.4) 534 (24.6)1 370 (18.3)F <0.001
On treatment 449 (16.4) 254 (13.8) 143 (26.8)t 52 (14.1) <0.001
Stage-2 hypertension 2560 (23.0) 1658 (23.8)* 444 (20.5)t 458 (22.6) 0.005
On treatment 738 (28.8) 437 (26.4)* 174 (39.2)1 127 (27.7) <0.001
Severe hypertension 1566 (14.0) 743 (10.7)* 299 (13.8)t 524 (25.9)% <0.001
On treatment 670 (42.8) 325 (43.7) 138 (46.2) 207 (39.5) 0.14
Mean characteristic (+=SD)
Age, y 53.0+15.9 51.0£16.2* 57.0+13.3t 55.4+16.0% <0.001
Body mass index, kg/m? 25.4+4.3 25.7+4.2* 23.1+3.11 26.8+4.9% <0.001
Serum cholesterol, mmol/L 5.55+1.14 5.71+1.14* 4.96+0.92t 5.66+1.17% <0.001
BP, mmHg
Office systolic 132.9+23.4 130.2+19.7* 133.7+22.21 141.3+32.4% <0.001
Office diastolic 79.9+12.1 80.2+11.1* 76.8+12.71 82.3+13.6% <0.001
24-h systolic 123.8+14.4 124.2+13.8* 123.2+14.7 123.4+16.1% 0.006
24-h diastolic 74.0+8.7 73.6+8.1* 74.4+95 74.8+9.5% <0.001
Daytime systolic 129.9+15.2 131.0+14.7* 128.6+15.31 127.5+16.4% <0.001
Daytime diastolic 78.9+9.3 79.1£8.7* 78.6+10.1 78.8+10.4 0.11
Nighttime systolic 112.9+15.6 112.4+14.6 112.8+16.3t1 114.6+£18.1% <0.001
Nighttime diastolic 65.0+9.6 64.1+9.0* 66.5+10.4 66.6+10.5% <0.001

Body mass index was body weight in kilograms divided by height in meters squared. Diabetes mellitus was the use of antidiabetic drugs, fasting blood glucose of
>7.0 mmol/L, random blood glucose of >11.1 mmol/L, a self-reported diagnosis, or diabetes mellitus documented in practice or hospital records. The P Value denotes
significant overall between-group differences. For the calculation of the prevalence of antihypertensive drug treatment, the number of people with a given BP status was

used as denominator; otherwise the column totals. BP indicates blood pressure.

Symbols indicate significant ethnic differences:
*between Europeans and Asians,

tbetween Asians and South Americans, and
Fbetween Europeans and South Americans.

The prevalence of elevated BP was the highest among
Asians (16.7%), stage-1 (26.4%) and stage-2 (23.8%) hy-
pertension among Europeans, and severe hypertension
among South Americans (25.9%) with treatment rates vary-
ing from 4.2% to 22.9% among people with normotension
or elevated BP and from 13.8% to 46.2% among hyperten-
sive patients (Table 1). Between-ethnicity differences were
significant for all variables (P<0.006), except for daytime

diastolic BP (P=0.11) and treatment rates among severe hy-
pertension (P=0.14).

In the whole study population, mean systolic/diastolic
levels were 132.9/79.9 mmHg for OBP and 123.8/74.0,
129.9/78.9, and 112.9/65.0 mm Hg for 24-hour, daytime, and
nighttime BP, respectively. Systolic/diastolic BPs were on av-
erage 2.9 mmHg (P<0.001) and 1.0 mmHg (P<0.001) higher
on office than daytime measurement.
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Incidence of Events in Relation to BP

In the overall study population, median follow-up was 13.9
years (5th to 95th percentile interval, 3.6-24.9 years). Over
152156 person-years, 2728 participants died (17.9 per 1000
person-years) and 1988 experienced a fatal or nonfatal car-
diovascular event (13.8 per 1000 person-years). Mortality in-
cluded 1033 and 1585 cardiovascular and noncardiovascular
deaths and 110 from unknown causes. The number of end
points was 893 for coronary events and 795 for stroke.

The Figure shows the increase in total mortality, cardio-
vascular and coronary events, and stroke across categories of
the OBP and 24-hour ABP with standardization of the rates
for cohort, sex, and age. The number of events contributing
to the incidence rates is presented in Table S4. With adjust-
ments applied for cohort, sex, age, body mass index, serum
cholesterol, smoking and drinking, history of cardiovascular
disease and diabetes mellitus, and antihypertensive drug treat-
ment, BP was a highly significant (P<0.001) and consistent
predictor of all outcomes, irrespective of the type of measure-
ment (Table 2). The standardized hazard ratios for total mor-
tality in relation to the OBP, 24-hour, daytime, and nighttime
BP were 1.14, 1.16, 1.11, and 1.18 systolic and 1.08, 1.14,
1.09, and 1.17 diastolic; the corresponding hazard ratios for
fatal combined with nonfatal cardiovascular events were 1.25,

1.32, 1.26, and 1.29 systolic and 1.19, 1.28, 1.22, and 1.28
diastolic, respectively.

ABP Thresholds

Using a bootstrap procedure with adjustments applied for the
aforementioned covariates, ABP thresholds were calculated
that yielded 10-year absolute risks of total and cardiovascular
mortality, cardiovascular and coronary events, and stroke sim-
ilar to the risks associated with the ACC/AHA thresholds for
office systolic (Table 3) and diastolic (Table 4) BP. The thresh-
olds based on the full data set were similar to the means of the
bootstraps. Excluding 2190 participants on antihypertensive
treatment at enrollment (Tables S5 and S6) or using diary in-
formation (Tables S7 and S8) to derive BP during wakeful-
ness and sleep in 7196 participants (64.5%) produced results
highly consistent with those reported in Tables 3 and 4. To
obtain more easily recallable thresholds, in the last step of
our analysis, we rounded the systolic (Table 3) and diastolic
(Table 4) point estimates of the ABP thresholds for cardiovas-
cular events to an integer value ending in zero or 5. Table 5
lists the thresholds proposed by the ACC/AHA guideline, as
well as the rounded thresholds based on the current analysis.
In sensitivity analyses, from which we excluded one cohort at
a time, these diagnostic thresholds remained largely consistent.
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Table 2. Hazard Ratios for Mortality and Cardiovascular Events in Relation to Baseline BP

Mortality Fatal and Nonfatal Cardiovascular Events
BP Total Cardiovascular All Coronary Stroke
End points, n (%) 2728 (24.5) 1033 (9.3) 1988 (17.8) 893 (8.0) 795 (7.1)
Systolic
Office 1.14 (1.09-1.20) 1.25 (1.16-1.34) 1.25 (1.18-1.31) 1.16 (1.08-1.26) 1.37 (1.26-1.49)
24h 1.16 (1.12-1.21) 1.34 (1.26-1.41) 1.32 (1.27-1.38) 1.25 (1.17-1.33) 1.44 (1.35-1.54)
Daytime 1.11 (1.07-1.16) 1.26 (1.19-1.33) 1.26 (1.20-1.31) 1.21 (1.13-1.29) 1.35 (1.26-1.45)
Nighttime 1.18 (1.14-1.22) 1.32 (1.25-1.39) 1.29 (1.24-1.34) 1.24 (1.17-1.31) 1.38 (1.30-1.46)
Diastolic
Office 1.08 (1.04-1.13) 1.16 (1.09-1.25) 1.19(1.13-1.25) 1.11 (1.03-1.19) 1.25 (1.16-1.35)
24h 1.14 (1.09-1.18) 1.28 (1.20-1.36) 1.28 (1.23-1.34) 1.16 (1.09-1.25) 1.39 (1.30-1.50)
Daytime 1.09 (1.05-1.14) 1.21 (1.14-1.29) 1.22 (1.17-1.28) 1.12 (1.05-1.20) 1.31 (1.22-1.41)
Nighttime 117 (1.12-1.22) 1.30 (1.22-1.38) 1.28 (1.22-1.34) 1.18 (1.10-1.26) 1.38 (1.28-1.48)

Hazard ratios (95% Cl) express the risk associated with 1-SD increases in BP. Hazard ratios were adjusted for cohort, sex, age, body mass index, smoking and
drinking, serum cholesterol, history of cardiovascular disease, diabetes mellitus, and treatment with antihypertensive drugs. All hazard ratios were significant (P<0.001).

BP indicates blood pressure.

Discussion
Several studies established that out-of-office BP, measured
by ambulatory'®"® or home'* monitoring, is a better predictor
of mortality and cardiovascular complications than OBP
is. The 2017 ACC/AHA guideline for the management of

hypertension* and other directives’® recommended that for
the proper diagnosis and management of hypertension, out-
of-office BP measurement is a prerequisite. The new ACC/
AHA guideline reclassified OBP and proposed thresholds for
24-hour, daytime, and nighttime BP corresponding to the new

Table 3.  Systolic Ambulatory Blood Pressure Levels Yielding Similar 10-y Risk as Office Thresholds
10-y Absolute Ambulatory SBP (95% CI), mmHg
End Points (n) Office SBP, mmHg Risk, % 24h Daytime Nighttime
Total mortality (2728) 120 3.66 117.1 (113.8-120.3) 118.9 (113.8-124.1) 106.0 (102.7-109.2)
130 3.91 123.0 (121.5-124.5) 127.7 (125.7-129.8) 111.9 (110.3-113.5)
140 4.18 128.8 (128.1-129.6) 136.6 (135.0-138.1) 117.7 (117.0-118.5)
160 4.79 140.6 (136.5-144.8) 153.7 (147.7-159.7) 129.5 (125.6-133.4)
Cardiovascular mortality 120 1.12 119.1 (116.0-122.1) 122.5 (118.4-126.6) 106.9 (103.3-110.5)
(1033) 130 1.24 124.1 (122.3-125.9) 129.1 (126.9-131.4) 112.6 (110.5-114.7)
140 1.38 129.1 (128.1-130.1) 135.8 (134.6-137.0) 118.3 (117.1-119.5)
160 1.72 139.1 (136.2-142.0) 149.1 (144.8-153.4) 129.7 (126.3-133.2)
Cardiovascular events (1988) 120 4.34 117.9 (116.0-119.8) 121.4 (118.8-123.9) 105.3 (102.8-107.7)
130 484 123.3 (122.3-124.3) 128.5 (127.2-129.7) 111.7 (110.5-112.9)
140 5.40 128.7 (128.2-129.2) 135.6 (134.8-136.3) 118.1 (117.5-118.8)
160 6.71 139.5 (137.3-141.8) 149.7 (146.4-153.1) 131.0 (128.0-134.1)
Coronary events (893) 120 2.02 118.6 (115.4-121.8) 122.7 (119.1-126.4) 106.8 (102.6-111.0)
130 2.18 123.3(121.9-124.8) 128.6 (127.0-130.2) 112.2 (110.4-114.1)
140 2.36 128.1 (127.1-129.0) 134.5 (133.4-135.6) 117.7 (116.6-118.8)
160 2.76 137.5(133.3-141.8) 146.3 (141.1-151.4) 128.6 (123.0-134.2)
Stroke (795) 120 1.58 117.2 (114.9-119.4) 120.6 (117.5-123.6) 103.9 (101.0-106.8)
130 1.84 123.0 (121.9-124.1) 128.2 (126.7-129.6) 111.0 (109.6-112.4)
140 2.15 128.9 (128.3-129.4) 135.7 (135.0-136.5) 118.1 (117.4-118.9)
160 2.93 140.6 (138.1-143.2) 150.9 (147.1-154.6) 132.3 (128.9-135.8)

SBP indicates systolic blood pressure.
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Table 4. Diastolic Ambulatory Blood Pressure Levels Yielding Similar 10-y Risk as Office Thresholds
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Office DBP, 10-y Absolute Ambulatory DBP (95% Cl), mmHg
End Points (n) mmHg Risk, % 24h Daytime Nighttime
Total mortality (2728) 80 3.98 75.3 (74.7-76.0) 79.7 (78.8-80.7) 66.6 (65.9-67.3)
90 4.34 80.8 (79.3-82.4) 87.9 (85.2-90.7) 71.8 (70.4-73.3)
100 474 86.3 (83.0-89.7) 94.8 (91.5-98.2) 77.0(73.8-80.2)
Cardiovascular mortality 80 1.25 76.3 (75.4-77.2) 80.7 (79.4-82.0) 67.6 (66.5-68.6)
(1033) 90 1.46 81.5(80.1-82.9) 87.8 (85.8-89.9) 73.2 (711.6-74.7)
100 1.71 86.6 (83.7-89.5) 94.4 (91.3-97.5) 78.7 (75.4-82.0)
Cardiovascular events 80 494 75.2 (74.7-75.7) 79.6 (79.0-80.2) 66.2 (65.6—66.8)
(1988) 90 5.86 80.7 (79.8-81.6) 87.1(85.7-88.4) 72.5(71.5-73.6)
100 6.96 86.3 (84.2-88.3) 94.3(91.9-96.8) 78.9 (76.6-81.3)
Coronary events (893) 80 2.21 74.4 (73.6-75.2) 78.7 (77.5-79.9) 65.5 (64.5-66.5)
90 2.50 80.2 (78.2-82.2) 86.8 (83.6-89.9) 71.9 (69.5-74.4)
100 2.82 86.0 (81.5-90.5) 93.9 (89.0-98.8) 78.3 (72.8-83.7)
Stroke (795) 80 1.95 75.7 (75.0-76.4) 80.2 (79.3-81.0) 66.7 (65.8-67.6)
90 243 81.2(80.1-82.3) 87.4 (85.9-88.9) 73.1(71.8-74.3)
100 3.03 86.7 (84.2-89.3) 94.4 (91.6-97.2) 79.4 (76.4-82.5)

DBP indicates diastolic blood pressure.

OBP categories.* Of these ambulatory thresholds, the 24-hour
systolic and diastolic levels are prognostically the most mean-
ingful because they are based on the largest number of read-
ings. Using the IDACO database, we derived outcome-driven
thresholds in 11152 participants from 13 population studies.
The key finding of our study was that we largely confirmed
the validity of the ACC/AHA proposal for ABP thresholds
in terms of mortality and cardiovascular complications. The
thresholds derived by our analysis were identical with the
ACC/AHA proposal with the exception of the systolic thresh-
olds delineating elevated BP for 24-hour and nighttime BP
(ACC/AHA versus IDACO, 115 versus 120 mmHg and 100
versus 105 mm Hg, respectively). For severe hypertension, the
ACC/AHA and IDACO thresholds differed by 5 mmHg sys-
tolic or diastolic (Table 5) and by 10 mm Hg for the systolic
nighttime BP (140 versus 130 mm Hg).

Thresholds for the clinical application of ABP were initially
based on the distribution of the ABP in individuals with an OBP
in the normotensive range,'*!” usually defined as a level of <140
mm Hg systolic and 90 mm Hg diastolic or by regression of the
ABP on the OBP."® In a meta-analysis of summary statistics

Table 5. Proposal for Outcome-Driven Thresholds for the Ambulatory BP

from 23 studies,” the mean ABP plus 2x the SD in 3476 normo-
tensive people amounted to 139/87, 146/91, and 127/79 mmHg
for the 24-hour, daytime, and nighttime BP, respectively. In a
participant-level meta-analysis of 7069 individual recordings
from 24 clinical research groups, the thresholds were set at the
95th percentiles of the ABP distributions among 4577 individu-
als, who were normotensive on office measurement. The BP
limits derived in this manner were 133/82, 140/88, and 125/76
mmHg for the 24-hour, daytime, and nighttime BP, respec-
tively.'* Head et al'® applied a least-product fit to regress ABP
measurements on OBP in 8575 Australians. The thresholds
for 24-hour, daytime, and nighttime ABP were 7/6, 4/3, and
19/14 mmHg lower than the 140/90 mm Hg threshold for OBP,
133/84, 136/87, and 121/76 mm Hg, respectively.

The aforementioned studies relied heavily on the proportion
and representativeness of individuals with office normotension
in the studies analyzed and entirely on a distributional or sta-
tistical approach for setting the ABP thresholds, which ignores
what matters most, that is, the incidence of adverse health out-
comes. Later studies, therefore, applied a more robust outcome-
based approach.'*?! According to the Ohasama investigators,'

ACC/AHA 2017 Thresholds Ambulatory Thresholds Based on IDACO
BP Category 0BP 24 h Day Night 24 h Day Night
Elevated BP, mm Hg 120/80 115/75 120/80 100/65 120/75 120/80 105/65
Stage-1 hypertension, mmHg 130/80 125/75 130/80 110/65 125/75 130/80 110/65
Stage-2 hypertension, mmHg 140/90 130/80 135/85 120/70 130/80 135/85 120/70
Severe hypertension, mmHg 160/100 145/90 145/90 140/85 140/85 150/95 130/80

Ambulatory thresholds based on IDACO were obtained by rounding the point estimates reported in Tables 3 and 4 for cardiovascular events to
the nearest integer value ending in zero or 5. ACC/AHA indicates American College of Cardiology/American Heart Association; BP, blood pressure;
IDACO, International Database on Ambulatory Blood Pressure in Relation to Cardiovascular Outcome; and OBP, office blood pressure.
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the 24-hour BP associated with the lowest risk of all-mortality
ranged from 120 to 133 mmHg systolic and from 65 to 78
mmHg diastolic. Using the same statistical methods as in the
current article, the IDACO consortium proposed as ABP thresh-
olds corresponding with an optimal OBP (<120/<80 mmHg)
levels of 116.8/74.2, 121.6/78.9, and 100.9/65.3 mmHg for
24-hour, daytime, and nighttime BP.** The corresponding
thresholds for the ABP with a risk equivalent to normal OBP
(<130/<85 mmHg) were 123.9/76.8, 129.9/82.6, and 110.2/68.1
mm Hg, respectively, and the ambulatory thresholds yielding a
risk equivalent to office hypertension (=140/90 mmHg) were
131.0/79.4, 138.2/86.4, and 119.5/70.8 mm Hg. Rounded upper
limits for the 24-hour, daytime, and nighttime BP amounted to
115/75, 120/80, and 100/65 mmHg for optimal BP, to 125/75,
130/85, and 110/65 mmHg for normal BP, and to 130/80,
140/85, and 120/70 mm Hg for ambulatory hypertension. In the
Jackson Heart Study,”’ 1016 of 5306 African-American par-
ticipants (19.2%) had their OBP and ABP measured. In an out-
come-driven approach, the composite of all-cause mortality and
cardiovascular disease was used as an end point. Diastolic was
not related to outcome and therefore not analyzed. For systolic
BP, the thresholds corresponding with an OBP of 140 mmHg
were 134, 138, and 129 mm Hg for 24-hour, daytime, and night-
time BP, respectively.

The present study must be interpreted within the context
of its potential limitations. First, rounded ABP thresholds are a
compromise between accuracy and practicability. For instance,
the 24-hour systolic BP threshold for stage-1 hypertension
was 117.9 mmHg. The 95% CI ranged from 116.0 and 119.8
mmHg. We proposed a rounded value of 120 mmHg, which
was only 0.2 mmHg higher than the upper limit of the 95%
CI. Rounding to 115 mmHg might have been the alternative,
but such threshold would have been 1.0 mmHg lower than the
lower limit of the CI. Second, OBP was the average of only
2 readings, obtained on a single occasion, which is less than
recommended by the 2017 ACC/AHA guideline* which pro-
pose that OBP be measured on at least 2 occasions. OBP and
ABP were measured in a consistent manner across all IDACO
centers. Overall, the pooled correlation coefficient, weighted
for sample size in each center, was 0.68 systolic and 0.62 dias-
tolic. It is, therefore, unlikely that our definition of OBP as the
average of 2 readings obtained on a single occasion distorted
our results. Third, the ABP thresholds based on equivalent risk
with OBP, as proposed in the current manuscript and in an ear-
lier IDACO analysis,” are equally applicable to women and
men and across the adult age range <80 years. This approach
serves clinical practicability but might disregard the relative and
absolute risks associated with BP over a the course of life.2
However, a participant-level meta-analysis addressing this issue
for the self-measured home BP as modality of the out-of-office
BP confirmed that the application of single BP targets in both
sexes and across the adults age range is justifiable.?® Finally, our
analysis did not include African Americans or blacks born and
living in Africa, who are more susceptible to the complications
of hypertension than other ethnic groups.>** In this context, the
systolic ABP thresholds generated by the Jackson Heart Study
investigators are 4, 8, and 9 mmHg higher than those listed in
Table 5 for the 24-hour, daytime, and nighttime BP, yielding
equivalent risk with a systolic OBP of 140 mm Hg. If people of

African descent were at higher risk than other ethnicities, one
would actually have anticipated ABP thresholds slightly lower
than those in Table 5. This underscores the concept that multi-
ethnic cohort studies enhance generalizability.

Perspectives
The present study provides outcome-driven BP thresholds for
the ABP that yield risks equivalent to those associated with
the new ACC/AHA classification of hypertension. Our anal-
ysis supports the ACC/AHA recommendation for operational
thresholds applicable to ABP. However, one caveat lies in the
continuous nature of the association between cardiovascular
complications and BP. Operational BP thresholds help clini-
cians in diagnosing and managing hypertension, but in addi-
tion to BP, the complete clinical picture, including other risk
factors and comorbidities, should always be considered as rec-
ommended in the current guidelines.*'?
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Novelty and Significance

What Is New?

The new American College of Cardiology/American Heart Association
guideline reclassified office blood pressure (BP) and proposed thresholds
for ambulatory BP.

We derived outcome-driven thresholds for ambulatory BP yielding risks
equivalent to the new categories of office BP.

What Is Relevant?
Rounded thresholds for elevated systolic/diastolic 24-hour, daytime, and
nighttime ambulatory BP were 120/75, 120/80, and 105/65 mm Hg.
Rounded thresholds for stage 1 of 24-hour, daytime, and nighttime am-
bulatory hypertension were 125/75, 130/80, and 110/65 mm Hg.

e Rounded thresholds for stage 2 of 24-hour, daytime, and nighttime am-

bulatory hypertension were 130/80, 135/85, and 120/70 mmHg.

Summary

Outcome-driven thresholds for the ambulatory BP are similar to
those proposed by the current American College of Cardiology/A-
merican Heart Association guideline. Our analysis supports the A-
merican College of Cardiology/American Heart Association recom-
mendation for operational threshold applicable to ambulatory BP.






