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Ambulatory blood pressure in chronic kidney disease:
do ethnic disparities exist?
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Global health, demographic changes
(population growth and aging) and

environmental destruction, including climate
change and natural disasters, are the key
challenges we face in the twenty-first century.
In terms of global health, understanding the
rates and numbers of people who die as well
as where, at what age and from what diseases
is a crucial step for planning interventions.1

The Global Burden Disease Study, which was
launched by the World Bank and the World
Health Organization in 1991, provides a
comprehensive and internally consistent
source of information on the global burden
of disease over time.1 The 2010 report ranked
chronic kidney disease (CKD) 18th on the
list of conditions that cause the most deaths
worldwide.2 Its position jumped from 27th in
1990; only HIV/AIDS moved more positions
up the list. In addition, the overall increase
from 1990 to 2010 in the years of life lost
because of premature mortality was the
fourth largest in CKD (51%), behind HIV/
AIDS (372%), stroke (177%) and diabetes
mellitus (70%). Thus, CKD is now recognized
as an emerging global health issue.3

CKD prevalence is generally increasing
worldwide but varies by region (10–15%).
Its clinical features also differ around the
globe.3 CKD involves not only end-stage
renal disease and cardiovascular disease
(CVD) but also cognitive dysfunction,
psychological problems and musculoskeletal
issues. These issues lead to a substantial
loss of health and are costly for health-

care systems to manage. Thus, the identi-
fication of individuals who are at risk for
these complications, followed by appropriate
management for their prevention, is clinically
important.
High blood pressure (BP), which is both a

cause and consequence of CKD, is a leading
risk factor for cardiorenal diseases in CKD.3

Compared with office BP (OBP) values
measured by a physician or nurse, out-of-
OBP values (that is, home or ambulatory BP,
especially nocturnal BP), have been shown to
precisely predict outcomes in CKD patients.
An example is among African Americans
with hypertension-related CKD who
participated in the trial and cohort phases
of the African American Study of
Kidney (AASK) Disease: a majority of
participants experienced renal events or
died despite good OBP control and the use
of renin–angiotensin system (RAS) blockers.
One potential explanation is the presence
of masked hypertension; of those with
well-controlled OBP, 70% had either
elevated daytime (X135/85mmHg) or noc-
turnal (X120/70mmHg) BP.4 Masked
hypertension is not uncommon in CKD.5

Notably, a sleep BP increase or limited
nocturnal BP dipping, rather than an awake
BP increase, has been shown in CKD. Herein,
we summarize evidence regarding the
associations of OBP, ambulatory BP and
outcomes in CKD populations (Table 1).
Although there are some variations in the
pattern of ambulatory BP in CKD, more than
half of the populations had a high out-of-
OBP and a non-dipper/reverse-dipper status
at night.
In the current issue of Hypertension

Research, Cha et al.14 strengthened the
evidence against the sole use of OBP. Using
a nationwide database from Korea (n¼ 1317,

mean age, 58 years; 63% men; all with CKD
stage 2–4; and median eGFR, 48mlmin�1

per 1.73m2), they showed the BP control
status based on the OBP and the ambulatory
BP. All patients were treated with antihyper-
tensive medications, and 25% had diabetic
nephropathy. The majority were treated with
two types of antihypertensive agents: RAS
inhibitors were used in almost all cases (that
is, 90%), suggesting that physicians who
participated in this study conformed to the
guidelines, and calcium-channel blockers
were used in 56% of cases. An OBP of
o140/90mmHg, a daytime BP of o135/
85mmHg and a nocturnal BP of o120/
70mmHg were defined as controlled BP. The
nocturnal BP dipping status was defined as
extreme dipper if the nocturnal fall in BP was
X20%, as dipper if the nocturnal fall in BP
was between 10 and 20%, as non-dipper if
the nocturnal fall in BP was between 0 and
10%, and as reverse dipper if the nocturnal
fall in BP was o0%. As a result, the BP
classification was as follows: controlled
hypertension, 19%; white-coat hypertension,
4%; masked hypertension, 34% and uncon-
trolled hypertension, 42%. The nocturnal BP
dipping status was as follows: extreme-dip-
per, 15%; dipper, 33%; non-dipper, 35% and
reverse dipper, 17%. A direct comparison of
the data of Cha’s study with those of the
previous reports shown in Table 1 is not
feasible, but the authors showed that
more than half of CKD patients have high
out-of-OBP and abnormal diurnal BP varia-
tion. One of the possible explanations for
why so many patients (76%) had uncon-
trolled high BP is that they used, on average,
fewer antihypertensive agents (approximately
2.3 agents) than patients in other reports
(2.5–3.8 agents).4,7,9,12,13 As the authors
mentioned, the use of diuretics was
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relatively low (38%). In Asians, the intake of
dietary sodium is high,15 which could also
contribute to BP elevation, especially when
the kidney function is impaired. However, we
should continue to pay close attention to
kidney function when we consider diuretics
as the combination therapy with RAS
inhibitors and diuretics, particularly in non-
obese hypertensive cases (common in
Asians), provides less cardiorenal protection
(and may even be harmful in some cases)
than does RAS inhibitors together with
calcium-channel blockers.16 In contrast to
the reports on Caucasians (30%)13 but
similar to those on Asians11 and African
Americans,4 white-coat hypertension was
uncommon in this study.14

Few reports have shown the clinical fea-
tures of high out-of-OBP (particularly noc-
turnal BP) and abnormal diurnal BP
variation in CKD. Of note, these BP altera-
tions are not always proportional to the
reduction in the renal function. Aging,

diabetes, greater proteinuria, less physical
activity and frequent nocturia have been
reported to be associated with less nocturnal
BP dipping in CKD.4,11,13 In the study by
Cha et al.,14 diabetes nephropathy, pre-
existing CVD, and greater proteinuria were
most prevalent in reverse dippers. In contrast
to the findings of AASK,4 female gender and
lower body mass index became more
prevalent as the extent of nocturnal BP
dipping decreased. Because of the cross-
sectional nature of this study,14 a cause-
effect association cannot be inferred. That
is, less nocturnal BP dipping in CKD may be
a marker of poor health rather than a cause
of it. To determine whether high nocturnal
BP or abnormal diurnal BP variation in CKD
is a reversible risk factor, interventional
studies are required. In this point, a recent
study (n¼ 661; mean age, 59 years; 60%
men; eGFR, 66–67mlmin�1 per 1.73m2)
indicated that a progressive decrease in
nocturnal systolic BP during follow-up was

most significantly associated with a reduction
in composite CVD in CKD patients (hazard
ratio: 0.86, 95% confident interval: 0.77–0.96;
Po0.001, for every 5-mmHg decrease in
nocturnal systolic BP), whereas decreases in
daytime systolic BP were not.17

Other possible mechanisms of high noc-
turnal BP and/or less nocturnal BP dipping
in CKD include high sympathetic nerve
activity, sleep disturbances and expanded
extracellular volume status as well as
enhanced salt sensitivity.5,18 These associa-
tions can also be applied to non-CKD.
Neither Cha’s study nor previous
reports4,6,7,8,9,11 compared ambulatory BP in
those with CKD and without CKD; therefore,
whether the pathophysiologies of nocturnal
BP alterations differ in the presence of CKD
remains uncertain. In addition, ethnic-based
comparison data on ambulatory BP in CKD
are limited. Generally, African Americans are
thought to experience high nocturnal BP and
less nocturnal BP dipping than Caucasians,19

Table 1 Evidence to show associations of OBP, ambulatory BP and outcomes in CKD populations.

Longitudinal

study Subjects with CKD BP information Relevant findings

Agarwall et al.6 US (n¼217; 67 years; men, 96%; Whites,

79%; comorbidities, HT (92%?), DM (42%);

eGFR 45 mlmin�1 per 1.73 m2)

High 24-h SBP, 57%; ND (including RD), 80% Follow-up, 3.5 years. Non-dipping predicted

ESRDS or deaths independently of 24-h SBP.

Minutolo et al.7 Italy (n¼436; 65 years; men, 58%; comorbid-

ities, HT (100%), DM (37%); eGFR,

43 mlmin�1 per 1.73 m2)

High daytime BP, 45%, high nocturnal BP,

57%; ED, 11%; D, 33%; ND, 43%; RD, 14%.

Follow-up, 4.2 years. Nocturnal SBP more than

daytime SBP predicted cardiorenal events. Non-

dipping and reverse-dipping status predicted

cardiorenal events independently of 24-h BP.

Gabbai et al.8 US (n¼617; 60 years; men, 62%; Blacks,

100%; cause, HT (100%); eGFR, 44 mlmin�1

1.73 m2)

Masked HT, 26%; D (include ED), 20%, ND,

41%, RD, 39%.

Follow-up, 5 years. Both daytime and nocturnal

SBP equally predicted cardiorenal events.

Reverse dipper did not.

Redon et al.9 Spain (n¼79; 57 years; men, 60%; comorbid-

ity, HT (100%); eGFR, 29 mlmin�1 per

1.73 m2)

ND (including RD), 47% Follow-up, 44 months. Nocturnal SBP but not

daytime SBP or non-dipper predicted ESRDS or

death.

Yano et al.10 Japan (n¼634; 76 years; men, 37%; comor-

bidities, HT (100%), DM (15%); eGFR,

48 mlmin�1 per 1.73 m2)

High daytime BP, 67%; high nocturnal BP,

61%; ED, 18%; D, 41%; ND, 30%; reverse

dipper, 11%.

Follow-up, 3 years. Nocturnal SBP (not daytime

SBP) and reverse dipper predicted of stroke

independently of OBP.

Cross-sectional study Subjects with CKD Relevant findings

Pogue et al.4 US (n¼617; 60 years; men, 62%; Blacks, 100%; cause, HT

(100%); eGFR, 44 mlmin�1 per 1.73 m2)

Controlled, 37%; white coat, 2%; masked, 43%; sustained HT,

18%; D (include ED), 20%; ND, 41%; RD, 39%

Iimuro et al.11 Japan (n¼1075; 61 years; men, 63%; comorbidities, HT (90%),

DM (35%); eGFR, 29 mlmin�1 per 1.73 m2)

Controlled, 38%, white coat, 6%, masked, 31%, sustained HT,

26%; ED; 10%, D; 37%, ND; 38%, RD; 16%

Mojón et al.12 Spain (n¼3,227; 64 years; men, 60%; comorbidities, HT (100%),

DM (36%); eGFR, 60 mlmin�1 per 1.73 m2)

High daytime BP, 53%; high nocturnal BP, 65%; ND (including RD),

61%.

Gorostidi et al.13 Spain (n¼5,693; age range, 55–70 years; men, 46–74%; Comor-

bidities, HT (100%), DM (23–44%); eGFR range, 10–103ml min�1

per 1.73 m2); CKD included stage 1 and 2.

Controlled, 15%; white coat, 29%; masked, 7%; sustained HT,

50%; more than half of all CKD patients had high daytime or

nocturnal BP.

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; D, dipper; DBP, diastolic BP; DM, diabetes; ED, extreme-dipper; eGFR, estimated glomerular filtration rate; ESRD; end-stage renal
disease; HT, hypertension; ND, non-dipper; OBP, office BP; RD, reverse dipper, SBP, systolic BP.
Age and eGFR in subjects with CKD are shown as mean values. Reference 4 and 8 are derived from the African American Study of Kidney Disease and Hypertension. The definitions of dipping
status are as follows: ED, nocturnal fall in BP is X20%; D, nocturnal fall in BP is 410% and o20%; ND, nocturnal fall in BP is 40% and o10%; and RD, nocturnal fall in BP is o0%. Also,
most studies used the definition of high daytime BP as SBPX135mmHg or DBPX75mmHg, and high nocturnal BP as SBPX120mmHg or DBPX70mmHg. However, reference to each paper
is recommended to confirm details.
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which may be explained by genetic factors
(for example, salt sensitivity, nitric oxide and
natriuretic peptide) and by physiological,
behavioral or environmental factors (e.g.,
socioeconomic status). The AASK showed a
substantially high prevalence of reverse-
dippers (39%) among African American
CKD patients. In the future, we need to
elucidate the mechanisms that give rise to
ethnic disparities in nocturnal BP regulation
that can lead to race-specific targets for CVD
prevention. Thus, international collaborative
studies in this field are warranted.
Although abnormal diurnal BP variation is

frequently accompanied by high nocturnal
BP, the prognostic value of each is not
identical. In elderly hypertensive patients,
high nocturnal systolic BP was associated
with an increased risk for stroke regardless
of CKD presence.10 In contrast, a reverse-
dipping pattern was associated with a
higher stroke risk only in those with
CKD. This point should be realized by
obtaining the follow-up data for Cha’s
study.14

There are still some questions raised by
Cha’s study. First, as the authors mentioned,
the time of the ingestion of antihypertensive
agents is unknown. Although the findings are
still controversial, the administration of anti-
hypertensive agents at bedtime rather than
after waking-up may be more effective in
lowering nocturnal BP or restoring nocturnal
BP dipping in CKD patients.17 Second, the
authors did not assess sleep quality or
nocturia, which could influence nocturnal
BP in CKD. Third, despite the usefulness of
ambulatory BP monitoring (ABPM) for
predicting outcomes in CKD, there are still
some caveats associated with ABPM, such as
cost, time and relative cumbersomeness. To
overcome these difficulties, some newly deve-
loped, programmed home BP measurement
devices that can measure nocturnal BP
automatically have been developed.18 More
evidence, including cost-benefit analyses, is
warranted to justify the clinical significance
of ABPM in CKD patients.
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