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Abstract

Background and objectives Ambulatory BP is increasingly recognized as a better measure of the risk for adverse
outcomes related to hypertension, an important comorbidity in patients with CKD. Varying definitions of white-
coat and masked hypertension have made it difficult to evaluate differences in prevalence of these BP patterns
across CKD cohorts.

Design, setting, participants, & measurements The International Database of Ambulatory BP in Renal Patients
collaborative group established a large database of demographic, clinical, and ambulatory BP data from patients
with CKD from cohorts in Italy, Spain, the Chronic Renal Insufficiency Cohort (CRIC) and the African American
Study of Kidney Disease and Hypertension Cohort Study (AASK) in the United States, and the CKD Japan Cohort
(CKD-JAC). Participants (n=7518) with CKD were included in the present analyses. Cutoffs for defining controlled
BP were 140/90 mm Hg for clinic and 130/80 mm Hg for 24-hour ambulatory BP.

Results Among those with controlled clinic BP, compared with CKD-JAC, AASK participants were more likely to
have masked hypertension (prevalence ratio [PR], 1.21; 95% confidence interval [95% CI], 1.04 to 1.41) whereas
CRIC (PR, 0.82;0.72 to 0.94), Italian (PR, 0.73; 0.56 to 0.95), and Spanish participants (PR, 0.75; 0.64 to 0.88) were less
likely. Among those with elevated clinic BP, AASK participants were more likely to have sustained hypertension
(PR,1.22;95%CI, 1.13 to 1.32) whereas Italian (PR, 0.78; 0.70 to 0.87) and Spanish participants (PR, 0.89;0.82 t0 0.96)
were less likely, although CRIC participants had similar prevalence as CKD-JAC. Prevalence of masked and
sustained hypertension was elevated in males, patients with diabetes, participants on four or more antihyper-
tensives, and those with moderate-to-severe proteinuria.

Conclusions In a large, multinational database, the prevalence of masked and sustained hypertension varied
across cohorts independent of important comorbidities.
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Introduction

Hypertension is the leading chronic disease risk factor
in the world (1). Although BP has traditionally been
measured in the clinic, advances in technology over
the last 30 years have enabled measurement of BP at
home and with ambulatory BP monitoring (2). Am-
bulatory BP, which provides information on BPs
during both the day and night, is increasingly recog-
nized as a better measure of the risk for hypertension-
related adverse outcomes (3,4). Compared with clinic
BP, ambulatory BP is a stronger and independent risk
factor for adverse cardiovascular events and ESKD (5-7).
Compared with patients with controlled clinic and
ambulatory BP, those with controlled clinic BP but
elevated ambulatory BP, known as masked hyperten-
sion, are at increased risk for adverse cardiovascular
and kidney outcomes; patients with elevated clinic BP
but controlled ambulatory BP, known as white-coat
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hypertension, may have similar low risk for adverse
outcomes as those with controlled clinic and ambu-
latory BP, although a recent report from Spain
demonstrated increased risk for mortality with
white-coat hypertension (7-14).

CKD is associated with elevated ambulatory BP and
increased risk for adverse outcomes (8,12,15). Patients
with CKD are more likely to be hypertensive due to
multiple factors including sodium retention, endothe-
lial dysfunction, inflammation, and increased sympa-
thetic nervous system activity (16). These same factors
also likely contribute to elevated ambulatory BP and
increased prevalence of masked and sustained hyper-
tension in this population (12,17,18). Given the proclivity
of patients with CKD to elevated BP and adverse
cardiovascular outcomes, CKD cohorts are important
for studying the pathophysiology and related adverse
outcomes associated with abnormal BP patterns.
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A number of groups have measured ambulatory BP in
cohorts of patients with CKD and reported estimates of the
prevalence of white-coat and masked hypertension. How-
ever, because of varying definitions of white-coat and
masked hypertension, it is difficult to evaluate differences
in prevalence across studies (8,12,19). Furthermore, because
of their size and homogenous populations, these cohorts are
limited in their ability, on their own, to examine relationships
between ambulatory BP and outcomes in important sub-
groups as well as relationships between ambulatory BP and
relatively uncommon events such as stroke, for which
elevated ambulatory BP is likely an important risk factor.

The International Database of Ambulatory BP in Renal
Patients (I-DARE) collaborative group consists of investi-
gators from several different countries interested in am-
bulatory BP in patients with predialysis CKD. The initial
cohorts were provided by the investigators who estab-
lished the I-DARE collaborative group with the intent to
include other CKD cohorts with ambulatory BP data in the
future. A large database derived from individual databases
in various countries was established to allow for combined
analyses of the relationships between clinical and demo-
graphic characteristics, CKD, ambulatory BP, and clinical
outcomes. The main aims of the research facilitated by this
collaboration will be to: (1) evaluate the clinical and
demographic characteristics associated with elevated am-
bulatory BP, (2) evaluate the association between elevated
ambulatory BP and adverse cardiovascular and kidney
outcomes in patients with CKD and whether there are any
ethnic or geographic differences in these associations, and
(3) establish a collaborative group to conduct multicenter
clinical trials to evaluate whether optimizing ambulatory BP
reduces morbidity and mortality. One of the long-term
goals of the I-DARE collaboration is to determine whether
antihypertensive therapy targeted at ambulatory BP pa-
rameters (such as masked hypertension) is superior to
management on the basis of conventional office-based
pressure. Establishment of this large database is an impor-
tant step in the process by providing valuable epidemio-
logic data for design of a future clinical trial. This paper has
three objectives: (1) describe the demographics and baseline
characteristics for the initial cohorts included in the I-DARE
collaborative, (2) describe the methods for measuring clinic
and ambulatory BP in each cohort, and (3) report on the
prevalence of white-coat, masked, and sustained hyperten-
sion across cohorts using uniform definitions and evaluate
whether there are differences between cohorts after adjust-
ing for important comorbidities.

Materials and Methods
I-DARE Cohorts

The I-DARE collaborative group includes data from five
cohorts which are briefly described below. Ambulatory BP
monitoring was conducted over 24 hours in all cohorts;
participants were provided with instructions and asked to
record sleep and awake times in a diary. Although each
cohort had criteria for satisfactory ambulatory blood
pressure monitoring (ABPM), for the combined analyses,
ABPM was considered satisfactory if 14 or more readings
were available during the day and six or more readings
were available at night (12). Each cohort was approved by a
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local Institutional Review Board; this study adhered to the
principles of the Declaration of Helsinki.

Italian Ambulatory BP Monitoring Cohort. This is a
prospective cohort study of consecutive hypertensive
patients with CKD referred to four kidney clinics in Italy
from January 1, 2003 to December 31, 2006 (8,20). Ambu-
latory BP monitoring was performed in all patients with
hypertension as part of the initial work up. Clinic BP was
measured in a sitting position three times at 5-minute
intervals during the visit by the same physician who was
not aware of the results of the ambulatory BP recordings.
Clinic BP was reported as the mean of the six values
recorded on the two consecutive days in which the
ambulatory BP device was installed and removed. Ambu-
latory BP was obtained in 489 participants on a workday
and under regular antihypertensive treatment. ABPM was
considered adequate if 14 or more readings were available
during the day and seven or more during the night (Table 1).

Spanish Ambulatory BP Monitoring Cohort. The Span-
ish ABPM Registry was established in 2004 to encourage
use of ABPM in primary care. The available dataset
included records from 29,319 patients seen in primary
care clinics; the subset of patients with CKD were used for
the current analyses (21-24). Patients were 18 years of age
or older with hypertension and an indication for ABPM
(either white-coat hypertension, resistant hypertension, or
assessment of dipper status or drug efficacy). Physicians
and nurses in primary care obtained ABPM and uploaded
relevant clinical information to an internet-based registry.
Office BP was measured at the clinic with a calibrated
mercury sphygmomanometer or a validated automatic os-
cillometric device, after 5 minutes of rest in a sitting position,
and under standardized conditions. Clinic BP values were
calculated as the mean of two readings. Ambulatory BP was
measured on working days and the patients were instructed
to maintain their usual activities. ABPM was considered
adequate if recordings included successful recording of
=80% of systolic BP and diastolic BP during both the
daytime and nocturnal periods, and at least one BP mea-
surement per hour, a threshold that was more stringent than
the other cohorts (Table 1).

African American Study of Kidney Disease and
Hypertension Cohort Study. The African American Study
of Kidney Disease and Hypertension (AASK) cohort study
was a 5-year prospective, observational study that began in
2002 after completion of the AASK trial (25,26). Inclusion in
the AASK cohort study required prior participation in the
AASK trial, which enrolled hypertensive black partici-
pants, aged 18-70 years, and with GFR 20-65 ml/min per
1.73 m2 At the end of the trial phase, participants were
followed regularly every 3 months for BP measurement
and adjustment of their antihypertensive regimen. Trained
and certified coordinators performed all clinic BP mea-
surements using a Tycos classic hand-held aneroid device.
Three consecutive seated readings were recorded with the
mean of the last two readings documented as the clinic visit
value. Twenty-four-hour ABPM was performed in 617
participants. The ABPM was considered adequate if the
monitor had been worn for a full 24 hours and if there were
at least 14 acceptable reading between 6:00 aM and mid-
night (daytime), and six acceptable readings between
midnight and 6:00 aM (nighttime) (Table 1).
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Table 1. Cohort characteristics and 24-h ambulatory and clinic BP protocols for each cohort within the International Database of
Ambulatory BP in Renal Patients
Variable AASK (25) CRIC (12) Italian Cohort (8) CKD-JAC (29) Spanish Cohort (22)
Cohort characteristics
Setting Observational Observational Kidney clinic— Observational PCP clinic-based
study at the study based study observational
conclusion of an observational study
RCT study
Total number of 691 3939 489 2977 29,319
participants
Participants with 648 1563 489 1070 29,319
ABPM
Participants with 587 1283 428 1067 4153
CKD at time of
ABPM
Ambulatory BP protocol
ABPM Device SpaceLabs 90207 SpaceLabs 90207/ SpaceLabs 90207 TM-2421 SpaceLabs 90207
90217
Frequency Every 30 min Every 30 min Every 15 min day Every 30 min Every 20 min
Every 30 min night
Duration 24h 24h 24h 24h 24h
Diary of sleep/ Recorded by Recorded by Recorded by Recorded by Recorded by patients
wake times patients patients patients patients
Clinic BP protocol
Device Tycos classic hand- Aneroid sphygmo- Mercury Automated Mercury sphygmo-
held aneroid manometer sphygmo- sphygmo- manometer or
manometer manometer oscillometric
devices
Timing During a 60- At the time of On two consecutive At the time of At the time of ABPM
d window of ABPM days when ABPM placement
ABPM placement ABPM was placement
placed and
removed
Technique Standardized; three Standardized; Standardized; Standardized; Average of two
consecutive average of three average of six average of three readings
seated readings. consecutive readings (three consecutive
Average of the seated readings on each day) seated readings
last two
recorded as
clinic BP
AASK, African American Study of Kidney Disease and Hypertension Cohort Study; CRIC, Chronic Renal Insufficiency Cohort; CKD-
JAC, Chronic Kidney Disease Japan Cohort; RCT, randomized controlled trial; PCP, primary care provider; ABPM, ambulatory blood
pressure monitoring.

Chronic Renal Insufficiency Cohort Study. The Chronic
Renal Insufficiency Cohort (CRIC) is an observational
cohort study of patients with CKD recruited between
2003 and 2007 in seven clinical centers in the United
States (27). Twenty-four-hour ambulatory BP was mea-
sured in 1563 participants (12). Clinic BP was measured
three times during a clinic visit by trained study staff after a
5-minute rest period, following guideline-recommended
protocols using a Tycos classic hand-held aneroid device
with appropriately sized cuffs; the average of these mea-
surements was used to define clinic BP. ABPM was
conducted during the second phase of CRIC between
2008 and 2012. A recording was considered valid if there
were at least 14 readings between 06:00 AM and midnight
and at least six readings between midnight and 06:00 Am
(Table 1).

CKD Japan Cohort. The CKD Japan Cohort (CKD-JAC)
is an observational cohort study; participants were Japa-
nese or Asian living in Japan, aged 20-75 years, and had
stage 3-5 CKD (28). All of the clinic BP measurements were
performed using an automated sphygmomanometer after 5
minutes of rest. Three consecutive seated readings were
recorded and the average was used to define clinic BP.
ABPM was conducted in a subgroup of 1070 patients from

September of 2007 to April of 2010 (Table 1). Each ABPM
was manually reviewed for outliers and adequacy (29).

The following data have been sent from each cohort to
the I-DARE coordinating center at the University of
Minnesota: demographic information; body mass index;
laboratory data including serum creatinine, urine albumin,
and urine protein; past medical history including diabetes,
hypertension, coronary artery disease, heart failure,
stroke/transient ischemic attack, and peripheral vascular
disease; antihypertensive medication use; and clinic BPs.
Cardiovascular disease was defined by a history of coro-
nary artery disease, heart failure, or stroke/transient
ischemic attack. Raw ambulatory BP data were available
from all sites except the Italian cohort which provided
averages (daytime, nighttime, and 24-hour) for each pa-
tient. All information provided was from before or at the
time of ABPM.

Cutoffs used to define BP categories were <140/90 mm
Hg for clinic BP and <130/80 mm Hg for 24-hour
ambulatory BP (30). Masked hypertension was defined
by controlled clinic BP (systolic BP <140 mm Hg and
diastolic BP <90 mm Hg) and elevated ambulatory BP
(systolic BP =130 mm Hg or diastolic BP =80 mm Hg),
white-coat hypertension by elevated clinic BP (systolic BP
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=140 mm Hg or diastolic BP =90 mm Hg) and controlled
ambulatory BP (systolic BP <130 mm Hg and diastolic BP
<80 mm Hg), controlled BP by controlled clinic and
ambulatory BP, and sustained hypertension by elevated
clinic and ambulatory BP. eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration equa-
tion except for the CKD-JAC participants for whom eGFR
was calculated using an equation specific to the Japanese
population (29,31). Proteinuria was categorized as mild
(urine albumin-to-creatinine ratio <30 mg/g [Spanish
cohort], 24-hour urine protein <150 mg [AASK, Italian
cohort, and CKD-JAC], and urine protein-to-creatinine
ratio <150 mg/g [CRIC]), moderate, or severe (urine
albumin-to-creatinine ratio >300 mg/g, 24-hour urine
protein >500 mg, and urine protein-to-creatinine ratio
>500 mg/g). Patients were included if they had an
eGFR<60 ml/min per 1.73 m? or moderate or severe
proteinuria. Patients with ESKD were excluded from the
present analyses.

Statistical Analyses

Baseline characteristics for each cohort are reported
using means and SDs for continuous variables and fre-
quencies and percentages for categoric variables. The
primary analysis consisted of two models, one among
those with controlled clinic BP (to evaluate prevalence
ratios for masked hypertension), and another among those
with elevated clinic BP (to evaluate prevalence ratios for
sustained hypertension). Poisson regression with robust
variance estimation was used to evaluate whether the
prevalence of masked (among those with controlled clinic
BP) and sustained hypertension (among those with elevated
clinic BP) differs between cohorts, adjusting for age, sex,
eGFR, number of antihypertensive medications, diabetes,
cardiovascular disease, and body mass index. Because of
variability of measurement of proteinuria and significant
missing data for this variable in the Spanish cohort, pro-
teinuria was only adjusted for in a secondary analysis. All
analyses were conducted using R version 3.3.3 (www.
R-project.org).

Results

There were 7518 participants from the five cohorts with
either eGFR<60 ml/min per 1.73 m? or moderate or severe
proteinuria at the time of ABPM. The majority of the
participants (1=4153) came from the Spanish cohort.
Characteristics at the time of ABPM are shown in Table
2. Overall, there were substantial differences between
cohorts across many patient characteristics. In particular,
average (SD) age ranged from 60.6 (10.2) years in the AASK
cohort to 67.5 (12.6) years in the Spanish cohort (Table 2).
Average (SD) eGFR ranged from 28.1 (12.3) ml/min per
1.73 m* in CKD-JAC to 58.2 (23.1) ml/min per 1.73 m* in
the Spanish cohort, whereas moderate-to-severe protein-
uria was present in 38.6% of participants in the Spanish
cohort compared with 87.6% of CKD-JAC participants.

Overall, the average clinic systolic BP was 144/80 mm
Hg, ranging from 127/69 mm Hg in CRIC to 153/84 mm
Hg in the Spanish cohort. The average 24-hour ambulatory
BP was 131/74 mm Hg, ranging from 129/72 mm Hg in
CRIC to 137/81 mm Hg in AASK (Table 3). The percentage
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of participants with elevated ambulatory BP ranged from
48% in CRIC to 71% in AASK. Among all participants in
each cohort, prevalence of masked hypertension ranged
from 6% (95% confidence interval [95% CI], 6% to 7%) in
the Spanish cohort to 35% (95% CI, 31% to 38%) in AASK,
whereas the prevalence of sustained hypertension ranged
from 18% (95% ClI, 27% to 32%) in CRIC to 49% (95% CI,
48% to 51%) in the Spanish cohort (Figure 1, Table 3).

Among patients with controlled clinic BP, participants
from AASK were more likely to have masked hypertension
whereas participants from CRIC, Italy, and Spain were less
likely to have masked hypertension compared with par-
ticipants from CKD-JAC (Table 4, top). The prevalence of
masked hypertension was greater in men and patients with
diabetes (Table 4, top). After adjusting for proteinuria, the
prevalence of masked hypertension was similar among
CRIC and CKD-JAC participants (Supplemental Table 1).

Among patients with elevated clinic BP, participants
from AASK were more likely to have sustained hyperten-
sion whereas participants from Italy and Spain were less
likely to have sustained hypertension compared with
participants from CKD-JAC (Table 4, bottom). The prev-
alence of masked hypertension was greater in men, those
with severe CKD (eGFR<30 ml/min per 1.73 m?), and
patients with diabetes (Table 4, bottom). Results were
consistent for Italian and AASK participants after adjusting
for proteinuria (Supplemental Table 1).

Discussion

We demonstrate wide variations in 24-hour BP profiles in
patients with CKD from different countries; prevalence of
masked and sustained hypertension (among those with
controlled and uncontrolled clinic BP, respectively) differs
between cohorts even after adjusting for potential con-
founders including age, sex, eGFR, and diabetes. Com-
pared with CKD-JAC participants, AASK participants were
more likely to have masked and sustained hypertension
whereas those from the Italian and Spanish cohorts were
less likely to have masked hypertension.

Although our study documents that 24-hour BP profiles
are variable when compared across different countries, the
etiology behind these differences remains poorly defined.
The prevalence of masked hypertension in previous co-
horts of patients with CKD has ranged from 4.7% to 31.3%
(32). Higher prevalence of masked hypertension has been
demonstrated in blacks compared with other racial ethnic
groups (26); it is possible that differences in racial/ethnic
composition in the populations studied contribute to the
differences seen in our study. Other investigators have
reported differences in prevalence of hypertension control
across diverse cohorts as well as differences in the effect of
CKD on adverse outcomes. The International Network of
CKD cohorts reported greater prevalence of uncontrolled
BP in India, Europe, and Uruguay compared with North
American cohorts (33). The same group also demonstrated
that the effect of advanced CKD on CKD progression and
all-cause mortality varied across cohorts (34). Recently, the
European CKD Burden Consortium reported considerable
variation in the prevalence of CKD between countries that
was independent of diabetes, hypertension, and obesity
(35). These findings are consistent with the present results
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Table 2. Demographics and clinical characteristics by cohort for the International Database of Ambulatory BP in Renal Patients
Covariate Overall AASK CRIC Italian Cohort CKD-JAC Spanish Cohort
(n=7518) (n=587) (n=1283) (n=428) (n=1067) (n=4153)
Age, yr 65 (12) 61 (10) 64 (10) 66 (14) 61 (11) 68 (13)
Men, N (%) 4080 (54) 370 (63) 732 (57) 252 (59) 675 (63) 2051 (49)
Race, N (%)
Black 1092 (14) 587 (100) 505 (39) 0(0) 0(0) 0(0)
Other 1229 (16) 0(0) 162 (13) 0(0) 1067 (100) 0 (0)
White 5197 (69) 0(0) 616 (48) 428 (100) 0 (0) 4153 (100)
Body mass index, kg/ m? 29 (6) 31 (7) 32(7) 29 (5) 23 (4) 29 (5)
Current smoker, N (%) 941 (12) 104 (18) 113 (9) 98 (23) 138 (13) 488 (12)
Prior smoker, N (%) 1465 (20) 345 (59) 684 (53) N/A 436 (41) N/A
Medications, N (%)
B blockers 2280 (30) 246 (42) 692 (54) 154 (36) 184 (17) 1004 (24)
Diuretics 3531 (47) 498 (85) 717 (56) 119 (28) 306 (29) 1891 (46)
ACEI/ARBs 4582 (61) 491 (84) 870 (68) 363 (85) 858 (80) 2000 (48)
Calcium channel blockers 2949 (39) 168 (29) 583 (45) 207 (48) 587 (55) 1404 (34)
Vasodilators 438 (6) 171 (29) 187 (15) 80 (19) 0 (0) N/A
No. Htn meds 2.44 (1.48) 3.63 (1.35) 2.69 (1.43) 2.75 (1.41) 2.25 (1.46) 2.22 (1.43)
Diabetes, N (%) 2620 (35) 56 (9.5) 583 (45) 161 (38) 378 (35) 1442 (35)
Stroke/TIA, N (%) 757 (10) 106 (18) 160 (12) 33 (8) 125 (12) 333 (8)
Peripheral vascular disease, N (%) 233 (3) 35 (6) 96 (7.5) 31(7) 71 (7) N/A
Coronary artery disease, N (%) 1119 (15) 81 (14) 375 (29) 82 (19) 138 (13) 443 (11)
Heart failure, N (%) 454 (6) 58 (10) 134 (10) 22 (5) 42 (4) 198 (5)
Cardiovascular disease 1928 (26) 203 (35) 508 (40) 119 (28) 248 (23) 850 (20)
(w/0 PVD), N (%)
Serum creatinine, mg/dl 1.7 (1.1) 24(14) 2.1(1.2) 2.0(1.1) 22(1.2) 1.3(0.7)
eGFR, ml/min per 1.73 m? 48 (23) 37 (14) 38 (15) 40 (19) 28 (12) 58 (23)
eGFR groups, N (%)
<15 418 (6) 41 (7) 74 (6) 37 (9) 178 (17) 88 (2)
15-30 1253 (17) 150 (26) 330 (26) 107 (25) 436 (41) 230 (6)
30-45 1908 (25) 221 (38) 461 (36) 121 (28) 348 (33) 757 (18)
45-60 2621 (35) 165 (28) 363 (28) 116 (27) 100 (9) 1877 (45)
60+ 1318 (18) 10 (2) 55 (4) 47 (11) 5(0.5) 1201 (29)
Proteinuria, N (%)
Normal/mild 1792 (24) 338 (58) 464 (36) 111 (26) 117 (11) 762 (18)
Moderate 2199 (29) 106 (18) 288 (22) 133 (31) 298 (28) 1374 (33)
Severe 1547 (21) 139 (24) 360 (28) 184 (43) 637 (60) 227 (6)
Missing 1980 (26) 4(0.7) 171 (13) 0(0) 15 (1) 1790 (43)
Values presented are N (%) or mean (SD) where indicated. Proteinuria was categorized as mild (urine albumin-to-creatinine ratio <30
mg/g [Spanish cohort], 24-h urine protein <150 mg [AASK, Italian cohort, and CKD-JAC], and urine protein-to-creatinine ratio <150
mg/g [CRIC]), moderate, or severe (urine albumin-to-creatinine ratio >300 mg/g, 24-h urine protein >500 mg, and urine protein-to-
creatinine ratio >500 mg/g). AASK, African American Study of Kidney Disease and Hypertension Cohort Study; CRIC, Chronic Renal
Insufficiency Cohort; CKD-JAC, Chronic Kidney Disease Japan Cohort; N/A, not available; ACEI/ ARBs, angiotensin converting
enzyme inhibitors/angiotensin receptor blockers; Hin, hypertension; TIA, transient ischemic attack; w/o, without; PVD, peripheral
vascular disease.

and support the need for further study to understand the
factors that contribute to differences in CKD and hyper-
tension seen across different countries. Potential factors to
be studied include lifestyle, diet, genetics, differences in
healthcare systems, and access to care. The I-DARE
collaborative group provides a platform for further study
of the factors mediating the relationship between ambula-
tory BP and BP patterns (e.g., masked hypertension) and
adverse outcomes such as cardiovascular disease, CKD
progression, and mortality.

This study also showed that male sex, diabetes, and
proteinuria are associated with increased prevalence of
masked and sustained hypertension. These factors are
associated with increased prevalence of hypertension so it
is not surprising that they are associated with elevated
ambulatory BP in patients with both controlled and
elevated clinic BP. These findings are consistent with prior
studies. In an elderly cohort with normal clinic BP, older

age and male sex were associated with masked hyperten-
sion (36). Other studies have demonstrated associations
between masked hypertension and proteinuria (37,38). This
study is the largest and most diverse CKD population to
demonstrate these associations. The findings that masked
hypertension is associated with certain clinical character-
istics and target organ damage are consistent in several
studies. Therefore, it is important to identify patients who
are more likely to have masked hypertension. Develop-
ment of a tool that can identify patients likely to have
masked hypertension on the basis of routinely acquired
clinical data is an important next step in this field. This will
allow the targeted use of the more expensive and cumber-
some ABPM technology in patients at high risk to confirm
the diagnosis of masked hypertension. The size and di-
versity of I-DARE is well suited to this purpose.

We have established a unique multinational database of
patients with CKD with ambulatory BP measurements.
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Table 3. BP measures by cohort for the International Database of Ambulatory BP in Renal Patients
Covariate Overall AASK CRIC Italian Cohort CKD-JAC Spanish Cohort
(n=7518) (n=587) (n=1283) (n=428) (n=1067) (n=4153)

Elevated clinic BP, N (%) 4411 (59) 229 (39) 295 (23) 295 (69) 318 (30) 3274 (79)
Elevated ambulatory BP, N (%) 4162 (55) 414 (71) 613 (48) 217 (51) 608 (57) 2310 (56)
Hypertension, N (%)

Controlled BP 1868 (25) 155 (26) 609 (48) 90 (21) 402 (38) 612 (15)

White coat 1488 (20) 18 (3) 61 (5) 121 (28) 57 (5) 1231 (30)

Masked 1239 (16) 203 (35) 379 (30) 43 (10) 347 (32) 267 (6)

Sustained 2923 (39) 211 (36) 234 (18) 174 (41) 261 (24) 2043 (49)
Clinic systolic BP, mm Hg 144 (24) 134 (21) 127 (21) 146 (20) 131 (18) 153 (22)
24-h systolic BP, mm Hg 131 (17) 137 (17) 129 (16) 129 (18) 131 (17) 132 (16)
Day systolic BP, mm Hg 134 (17) 137 (17) 133 (16) 131 (18) 135 (17) 134 (17)
Night systolic BP, mm Hg 124 (20) 135 (21) 122 (19) 123 (20) 123 (20) 124 (19)
Clinic diastolic BP, mm Hg 79.8 (14) 79.7 (12) 68.7 (12) 81.2 (12) 76.7 (11) 84.0 (13)
24-h diastolic BP, mm Hg 74.0 (11) 81.0 (11) 72.2 (10) 72.0 (10) 78.1(9) 72.7 (11)
Day diastolic BP, mm Hg 76.4 (11) 82.5(11) 75.3 (10) 74.7 (11) 80.7 (10) 75.0 (11)
Night diastolic BP, mm Hg 67.6 (12) 774 (13) 66.5 (11) 66.1 (11) 72.5(10) 65.4 (12)
Values presented are N (%) or mean (SD) where indicated. AASK, African American Study of Kidney Disease and Hypertension Cohort
Study; CRIC, Chronic Renal Insufficiency Cohort; CKD-JAC, Chronic Kidney Disease Japan Cohort.

Strengths of this study include the large number of patients
and the diverse cohorts from multiple different countries
and settings. The International Database on Ambulatory
Blood Pressure in Relation to Cardiovascular Outcomes
(IDACO) is a good example of how international collab-
oration can lead to major advances in the field. For
example, data from the IDACO collaboration were used

0.6

to revise the normative criteria for ambulatory BP moni-
toring (39) and demonstrated that nighttime BP is an
independent predictor of adverse outcomes (40). The -DARE
dataset has minimal missing data for important poten-
tial confounders such as tobacco use, comorbidities, and
antihypertensive medications. Our study is limited in
that the BP measurement technique in clinic was not

0.5

0.4

O Controlled BP
White-coat HTN

Prevalence
o
w

0.2 +

0.1 -

® Masked HTN
M Sustained HTN

AASK CRIC

Italian Cohort

CKD-JAC Spanish Cohort

Figure 1. | Prevalence of hypertension phenotypes varies by cohort in the International Database of Ambulatory BP in Renal Patients cohort.
AASK, African American Study of Kidney Disease and Hypertension; CKD-JAC, chronic kidney disease Japan Cohort; CRIC, Chronic Renal

Insufficiency Cohort; HTN, hypertension.
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Table 4. Adjusted prevalence ratios for masked hypertension and sustained hypertension among those with controlled clinic BP and
elevated clinic BP, respectively
Covariate N with Outcome/N at Risk® Unadjusted Proportion (%) Adjusted PR (95% CI) P Value
Controlled clinic BP (PR for masked hypertension)
Cohort

CKD-JAC 318 of 685 46 1 (reference)

CRIC 369 of 970 38 0.82 (0.72 to 0.94) 0.003

AASK 196 of 344 57 1.21 (1.04 to 1.41) 0.01

Italian cohort 43 of 133 32 0.73 (0.56 to 0.95) 0.02

Spanish cohort 265 of 877 30 0.75 (0.64 to 0.88) <0.001
Age (per 10 yr) 0.97 (0.93 to 1.01) 0.11
Sex

Female 411 of 1273 32 1 (reference)

Male 780 of 1736 45 1.30 (1.18 to 1.42) <0.001
eGFR categories

=45 402 of 1192 34 1 (reference)

30—45 372 of 935 40 1.04 (0.92 to 1.17) 0.55

<30 417 of 882 47 1.16 (1.03 to 1.30) 0.02
Diabetes

No 756 of 2048 37 1 (reference)

Yes 435 of 961 45 1.23 (1.12 to 1.35) <0.001
BMI (per 5 units) 1.00 (0.96 to 1.04) 0.90
CVD (w/o PVD)

No 804 of 2130 38 1 (reference)

Yes 387 of 879 44 1.04 (0.95 to 1.15) 0.40
Hypertension meds

0 742 of 2047 36 0.97 (0.80 to 1.17) 0.73

1-3 77 of 246 31 1 (reference)

4+ 372 of 716 52 1.25 (1.14 to 1.38) <0.001

Elevated clinic BP (PR for sustained hypertension)
Cohort

CKD-JAC 238 of 292 82 1 (reference)

CRIC 230 of 289 80 1.05 (0.96 to 1.14) 0.29

AASK 203 of 221 92 1.22 (1.13 to 1.32) <0.001

Italian cohort 174 of 295 59 0.78 (0.70 to 0.87) <0.001

Spanish cohort 2036 of 3264 62 0.89 (0.82 to 0.96) 0.002
Age (per 10 yr) 0.97 (0.95 to 0.99) <0.001

ex

Female 1256 of 2100 60 1 (reference)

Male 1625 of 2261 72 1.15 (1.10 to 1.20) <0.001
eGFR categories

=45 1694 of 2712 62 1 (reference)

30-45 625 of 931 67 1.02 (0.97 to 1.08) 0.40

<30 562 of 718 78 1.12 (1.06 to 1.19) <0.001
Diabetes

No 1726 of 2747 63 1 (reference)

Yes 1155 of 1614 72 1.14 (1.09 to 1.19) <0.001
BMI (per five units) 0.97 (0.95 to 0.99) 0.01
CVD (w/o0 PVD)

No 2169 of 3358 65 1 (reference)

Yes 712 of 1003 71 1.04 (0.99 to 1.09) 0.13
Hypertension meds

1803 of 2850 63 1.02 (0.94 to 1.09) 0.66

1-3 308 of 491 63 1 (reference)

4+ 770 of 1020 75 1.10 (1.05 to 1.15) <0.001

PR, prevalence ratio; 95% CI, 95% confidence interval; CKD-JAC, Chronic Kidney Disease Japan Cohort; CRIC, Chronic Renal In-
sufficiency Cohort; AASK, African American Study of Kidney Disease and Hypertension Cohort Study; BMI, body mass index; CVD,
cardiovascular disease; w/o, without; PVD, peripheral vascular disease.

“Only includes the complete cases included in the model.

standardized across studies, although the BP measurement
technique was adherent to guideline recommendations in
AASK, CRIC, CKD-JAC, and the Italian cohort. This
discrepancy in how clinic BP was measured may explain
part of the effect for the Spanish cohort because it may have
led to an overestimation of the prevalence of white-coat

hypertension and an underestimation of the prevalence of
masked hypertension in that cohort. Patients were selected
for the Italian and Spanish cohorts in part due to elevated
clinic BP which may lead to an underestimation of the
prevalence of masked hypertension in these populations.
Additionally, different recruiting strategies across cohorts
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led to different patient characteristics which likely explains
some of the variation in 24-hour BP phenotypes. Clinic BP
targets varied over time and across countries. There is only a
single assessment of ambulatory BP. In addition, prevalence
estimates derived from clinical populations may not fully
reflect population estimates, because clinical cohorts repre-
sent patients referred for care, and may differ in comor-
bidity, access to care, and other characteristics from the
general CKD population. Finally, assessment of proteinuria
varied across cohorts and was missing in 43% of partici-
pants in the Spanish cohort.

In conclusion, the I-DARE collaborative group has assem-
bled clinical and demographic data as well as ambulatory
BPs on >7500 patients with nondialysis CKD from Italy,
Spain, the United States, and Japan. We demonstrated that
the prevalence of masked and sustained hypertension varied
across cohorts independent of important comorbidities.
These results are hypothesis generating. Specifically, on the
basis of these novel findings, studies are needed to determine
the effects of race, ethnicity, and lifestyle factors on ambulatory
BP as well as whether these variables mediate the relationship
between abnormal ambulatory BP and adverse outcomes.
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