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24-Hour and Nighttime Blood Pressures
in Type 2 Diabetic Hypertensive Patients
Following Morning or Evening
Administration of Olmesartan
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Ambulatory blood pressure monitoring (ABPM)
allows determining of the nocturnal blood
pressure fall (NBPF). An NBPF below 10%
(nondipper pattern) has been related to increased
cardiovascular risk, and it is a common finding in
type 2 diabetic hypertensive patients. The authors
evaluated the impact on 24-hour blood pressure,
NBPF, and albuminuria of olmesartan 40 mg,
administered in a morning- vs a nocturnal-based
dosing scheme, in type 2 diabetic patients with
newly diagnosed hypertension. Using a crossover
design, 40 patients (42.1% men) received olme-
sartan 40 mg once daily at wake up or bedtime
for 8 weeks. Patients underwent 24-hour ABPM
at baseline and at weeks 8 and 16, and albumin
to creatinine ratio was measured at baseline and
8 weeks. Night systolic blood pressure (BP)
(P=.007) and mean BP (P=.012) were significantly
reduced following the bedtime dose, compared
with morning dosing. Night BP fall (%) was sig-
nificantly reduced by bedtime dosing, compared
with morning dosing (P=.0001). No differences

were seen for urinary albumin excretion between
both arms at week 8. Without affecting 24-hour
BP control, night dosing of olmesartan increases
nocturnal BP fall significantly more than conven-
tional morning dosing, increasing the number of
dipper diabetic hypertensive patients. J Clin
Hypertens (Greenwich). 2009;11:426–431. ª2009
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Blood pressure (BP) and heart rate in humans
are characterized by cyclic changes during

24 hours that parallel the rest ⁄ activity state.1

Along with this observation, it has been demon-
strated that the extent of the nocturnal BP decline
and the subsequent morning BP rate of rise along
with the awakening and starting of diurnal activ-
ity are both independent risk factors for stroke
and other cardiovascular (CV) events.2

The Seventh Report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC 7)3 has sta-
ted that in persons in whom a 10% to 20% decrease
of BP during the night is not present (referred to as
‘‘nondipper pattern’’) are at increased risk for CV
events. Therefore, CV risk could be influenced not
only by BP elevation but also by the magnitude of
the circadian BP variability.

Antihypertensive drugs either in monotherapy or
in combination are traditionally administered
together in the morning upon arising from bed.
This is mainly because this approach has been
applied in the vast majority of outcome trials that
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showed the benefits of treatment in reducing the
risk of CV and renal disease.3 Nevertheless, there is
considerable evidence that the time of antihyperten-
sive drug administration can modify the 24-hour
BP curve. Morning administration gives its full
effect during daytime activities and a lesser effect
during nighttime and the early morning hours,
whereas bedtime administration has a larger effect
during nighttime and the early morning hours. It
might be argued that bedtime administration
should be considered as an alternative strategy that
has the potential to provide more effective CV and
renal protection.4,5 Several short-term randomized
controlled trials assessed the bedtime dosing of anti-
hypertensive drugs compared with conventional
morning dosing. Overall, nighttime administration
of angiotensin-converting enzyme inhibitors6,7 and
angiotensin II receptor blockers (ARBs)8,9 results in
a greater effect on nocturnal BP and a significant
modification of the circadian profile of BP,
although significant differences on 24-hour BP have
not been demonstrated.

MATERIAL AND METHODS
Patients
Outpatient type 2 diabetic patients were prospec-
tively enrolled in this study after matching for the
following inclusion criteria: (1) age between 18 and
75 years, (2) body mass index (BMI) between 20
and 40 kg ⁄m2, (3) diagnosis of hypertension based
on an office systolic BP (SBP) reading >130 mm Hg
and ⁄or a diastolic BP (DBP) reading >80 mm Hg,
confirmed by further ambulatory BP monitoring
(ABPM), and (4) no pharmacologic agent aimed to
treat hypertension in the past 6 months, before initial
visit.

Diabetes mellitus was defined as a fasting glu-
cose level >126 mg ⁄dL (7.8 mmol ⁄L), a random
nonfasting glucose level >200 mg ⁄dL (11.1 mmol ⁄L),
a glycated hemoglobin A1c >6.2%, or the use of an
oral hypoglycemic agent or insulin. Urinary albumin
excretion was measured throughout the study by
determination of albumin ⁄creatinine ratio (ACR)
measured at each visit in a first morning void urine
specimen.

Office and 24-Hour Ambulatory BP Readings
Office BP was measured 3 times after resting for at
least 5 minutes in the sitting position and the aver-
age of the 2 latter readings was used. Diagnostic
criteria for hypertension following office BP read-
ings were based on American Diabetes Associa-
tion19 and JNC 7 recommendations.20 Office
readings were taken with an OMRON M10-IT

automatic device (OMRON Healthcare, Kyoto,
Japan).

Patients meeting previous inclusion criteria
underwent further screening with 24-hour ABPM
to confirm hypertensive status. Despite the fact that
there are no clear-cut thresholds for the diagnosis
of hypertension using ABPM in a diabetic popula-
tion, JNC 7 recommendations were followed and
thus a daytime average BP �135 mm Hg (SBP)
and ⁄or �85 mm Hg (DBP) and ⁄or a nighttime
average BP �120 mm Hg (SBP) and ⁄or �75
mm Hg (DBP) was considered consistent with the
initial diagnosis of hypertension.

ABPM was performed on a weekday with 1 of
2 automatic devices (Model Spacelabs 90,217,
Spacelabs HealthCare, Hertford, UK) that were set
to record BP and heart rate every 30 minutes dur-
ing daytime and every 60 minutes during nighttime,
to complete a period of at least 24 hours. All
devices were calibrated before and throughout the
study every 10 tests. Patients who obtained <80%
of either awake- or asleep-valid BP readings were
rescheduled for a new test within 1 week. Mean BP
(MBP) was calculated for 24-hour MBP, daytime
MBP, and night MBP according to the following
formula: MBP = DBP + (SBP)DBP) ⁄ 3.

Nighttime average SBP, DBP, and MBP, respec-
tively were defined as the average value of SBPs,
DBPs, and MBPs, respectively, from the time when
the patient went to bed until the time he or she got
out of bed, and daytime average SBP, DBP, and
MBP were defined as the average of BPs and MBPs,
respectively, recorded during the rest of the day.
The nocturnal BP fall (NBPF) (%) was defined as
the coefficient between nighttime MBP and daytime
MBP. An NBPF between 10% and 20% was con-
sidered to correspond with a dipper pattern, while
an NBPF <10% was considered to correspond
with a nondipper pattern.20

Study Design
Patients who met initial inclusion criteria were
invited to participate in this study. After giving
written informed consent, patients underwent a
baseline 24-hour ABPM measurement (baseline
visit). Patients with either daytime SBP �135 mm
Hg or daytime DBP �85 mm Hg or nighttime SBP
�120 mm Hg or nighttime DBP �75 mm Hg
entered the active study phase and were randomly
assigned to receive olmesartan medoxomil at an ini-
tial dose of 40 mg that could eventually be reduced
to 20 mg in cases of hypotension, either following
a conventional morning dose regimen (drug
administration at awakening, between 7 am and
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9 am) or a bedtime dose regimen (between 10 pm

and 12 am). After 8 weeks, patients underwent a
second 24-hour ABPM (visit 2) and then shifted
from a morning to a bedtime dose regimen and
vice versa (crossover design). After a second period
of 8 weeks, patients underwent a final 24-hour
ABPM measurement (visit 3 and final). Prior to the
baseline visit and visit 2, patients were instructed to
collect a first morning void urine specimen in order
to measure renal albumin excretion by determina-
tion of ACR (Figure). Study protocol was approved
by the central ethics committee.

Statistical Analysis
A descriptive statistical analysis was carried for-
ward. Mean and dispersion measures were used

for quantitative variables and absolute and rela-
tive frequency measures for categoric variables. In
order to evaluate changes in BP evolution in each
patient, a covariate analysis for repeated measures
(analysis of covariance) was performed. Tukey cor-
rection model was applied. All statistical analyses
were performed with a 2-tailed, 5% level of signif-
icance using the SAS statistical package version
8.2 (European Biometrics Institute, Barcelona,
Spain).

RESULTS
A total of 51 patients were enrolled for a baseline
visit between January and October 2007. After ini-
tial 24-hour ABPM was performed, 11 patients
were excluded due to either daytime ABPM
<135 ⁄85 mm Hg or nighttime ABPM <120 ⁄75
mm Hg. Forty patients (23 women) started active
treatment. Two patients were lost during follow-
up. After 12 weeks, data were successfully col-
lected from 38 patients (22 women). Baseline
demographic characteristics are presented in
Table I. No differences were found for BP values in
patients who were initially assigned to daytime vs
nighttime administration of the study drug.

24-Hour, Daytime, and Nighttime ABPM and
Heart Rate
Both morning and nighttime administration of
olmesartan resulted in a statistically significant
reduction of all 24-hour SBP, 24-hour DBP, and
24-hour MBP (Table II). This reduction was also
maintained throughout both diurnal and nocturnal
periods when compared with baseline values.

Nighttime administration of olmesartan resulted
in a significantly greater reduction of nighttime
SBP (11.87�10.26 vs 16.19�10.02; P=.007) and

Figure. After initial office and baseline ambulatory blood pressure (BP) readings, patients were randomly assigned to
either a morning or nocturnal dosing scheme in a crossover design. First morning void urine samples were collected at
baseline and visit 2 to measure albumin excretion. ABPM indicates ambulatory blood pressure monitoring; ACR,
albumin-creatinine ratio.

Table I. Baseline Demographic Characteristics of Study

Population (N=38)

Characteristic

Male, No. (%) 16 (42.1)
Age, y 53.7�12.4
DM duration, y 5.4�3.9

HbA1c, % 6.7�0.8
Body mass index, kg ⁄ m2 27.9�3.5
24-hour SBP, mm Hg 138.48�9.27
24-hour DBP, mm Hg 87.47�8.36

24-hour MBP, mm Hg 104.3�7.99
NBPF, % 10.83�6.54
Dip pattern, No. (%) 26 (70)

Albumin ⁄ creatinine ratio, mg ⁄ g 43.74�61.88
Active smoking, % 23

Values are expressed as mean � standard deviation unless

otherwise indicated. Abbreviations: DBP, diastolic blood
pressure; DM, diabetes mellitus; HbA1c, glycated hemoglo-
bin A1c; MBP, mean blood pressure; NBPF, nocturnal
blood pressure fall; SBP, systolic blood pressure.
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nighttime MBP (8.55�8.73 vs 11.97�8.12; P=.012).
No significant differences were seen between
morning and nighttime dosing, for all daytime
values (daytime SBP, daytime DBP, and daytime
MBP).

Olmesartan administration resulted in a signifi-
cant reduction of heart rate compared with base-
line, although no significant differences were seen
between morning and nighttime dosing (Table II).

Nighttime BP Fall and Dip Status
Nighttime BP reduction was measured by nighttime
ABPM ⁄daytime ABPM ratio. Nighttime administra-
tion of olmesartan resulted in a significant increase
in NBPF compared with baseline (7.37�6.11%;
P<.0001) and with diurnal administration (2.21%
�5.41% vs 7.37%�6.11%; P<.0001). Diurnal
administration of olmesartan failed to significantly
increase NBPF vs baseline (P=.0501).

Twenty six (68%) patients yielded a dipper
pattern at baseline 24-hour ABPM. Diurnal admin-
istration of olmesartan increased the number of
dipper patients to 28 (74%), while nocturnal
administration of the drug increased to 32 (82%).

Only this strategy reached statistical significance
compared with baseline (P=.012) (Table III).

Albumin Excretion Rate
Albumin excretion rate was measured by ACR in a
single day first morning void sample that was col-
lected during baseline and second 24-hour ABPM
tests. Both morning and nighttime administration
of olmesartan resulted in a similar and significant
reduction of the ACR compared with baseline after
8 weeks of treatment, but no difference was seen
between both schemes (9.42�11.67 mg ⁄g morning
time vs 10.91�11.3 mg ⁄g nighttime; P=.669)
(Table III).

Safety and Tolerability
Throughout the study no patient developed serious
side events. As well, no patient needed further
reduction of study drug due to hypotension or
hyperkalemia. Patients underwent routine labora-
tory examinations both at baseline and study termi-
nation and no clinically significant deviations were
observed in main laboratory values (data not
shown). One patient was missed for follow-up after

Table II. Results of 24-Hour, Daytime, and Nighttime ABPM and Heart Rate

Mean � SD,

mm Hg Baseline

Olmesartan

Morning Dose

Olmesartan

Night Dose P Value
b

24-hour SBP 138.48�9.27 124.80�7.14a 124.09�6.89a .86
24-hour DBP 87.47�8.36 78.91�9.01a 77.4�6.97a .36
24-hour MBP 104.3�7.99 93.52�6.56a 92.96�6.20a .83

24-hour HR 82.16�10.21 76.57�10.44a 76.49�10.39a .99
Day SBP 142.16�11.73 128.65�8.47a 129.52�8.19a .83
Day DBP 89.53�9.02 81.35�8.17a 81.06�7.42a .95
Day MBP 106.97�9.26 96.46�6.89a 97.22�6.62a .73

Day HR 85.25�10.95 79.39�10.90a 79.58�11.11a .97
Night SBP 124.26�8.38 112.39�9.61a 108.07�9.11a .007
Night DBP 80.82�7.8 73.97�12.34a 71.04�7.71a .069

Night MBP 95.32�6.96 86.77�9.39a 83.35�7.75a .012
Day HR 72.12�9.99 67.78�10.80a 66.90�10.60a .47

Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure; HR, heart rate; MBP, mean blood

pressure; SBP, systolic blood pressure; SD, standard deviation. aP<.0001 compared with baseline. bMorning vs nighttime
dosing.

Table III. NBPF, Dip Status, and Albumin Excretion

Results Baseline

Olmesartan

Morning Dose

Olmesartan

Night Dose P Value
a

NBPF, % 10.89�6.61 12.78�8.48b 17.94�6.41c .001
Dipper, % 68 74 84
ACR, mg ⁄ g 43.74�61.88 34.32�53.42c 32.83�57.32c .66

Values are expressed as mean � standard deviation unless otherwise indicated. Abbreviations: ACR, albumin ⁄ creatinine ratio;
NBPF, nocturnal blood pressure fall. aMorning vs nighttime dosing. bP=.0501. cP<.0001.
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first 24-hour ABPM, and 1 patient withdrew after
second 24-hour ABPM. Both participants were
excluded from final analysis.

DISCUSSION
In this study, nighttime administration of the angio-
tensin AT1 receptor blocker olmesartan produced a
significant reduction of night systolic and MBP and
conversely a significantly greater NBPF from base-
line, compared with daytime administration. Further-
more, this greater BP reduction paralleled an
increased percentage of patients with a normal dipper
pattern at the end of the study, although no signifi-
cant differences were seen between both arms in
terms of 24-hour average BP values. These results are
in accordance with other studies previously published
where nocturnal dosing of antihypertensive drugs
exert a greater nocturnal fall of BP without modify-
ing 24-hour average BP when compared with con-
ventional morning dosing,4,8,9,21,22 although this is
the first study performed in diabetic patients. Further-
more, other studies have shown an improvement of
the nondipper pattern after night-based chronother-
apy schemes.23 In our study, nighttime administra-
tion of olmesartan reverted to a dipper pattern in
16% of patients with a baseline nondipper pattern,
while conventional morning dose was associated
with an 8% increase in patients with dipper BP pro-
file. Finally, albumin excretion, as expected, was sig-
nificantly reduced in both arms compared with
baseline, although no differences could be proven in
terms of a greater reduction following nighttime dos-
ing of olmesartan.

Many studies have reported that type 2 diabetic
patients tend to have higher rates of nondipper
hypertension.10–12 Even more, it has been demon-
strated that blunted nocturnal hypertension, a com-
mon finding in type 2 diabetes, increases the risk of
microvascular10,13 and macrovascular11,12,14 com-
plications in these patients. Urinary albumin excre-
tion is a strong and independent predictor of renal
disease and CV mortality, both in type II diabetic
patients and in the general population.15,16 A study
carried out in hypertensive type II diabetic male
patients showed that a blunted NBPF is associated
with higher urinary albumin excretion and
increased prevalence of microalbuminuria.10

ARBs have demonstrated to reduce urinary albu-
min excretion beyond their antihypertensive effect
and to ameliorate glomerular filtration fall rate in
type II diabetic patients.17–19 Olmesartan medoxomil
is an angiotensin II type 1 receptor antagonist that,
administered once daily, inhibits the actions of angio-
tensin II on the renin-angiotensin-aldosterone system,

which plays a key role in the pathogenesis of hyper-
tension, especially in type 2 diabetic patients. The
aim of this study was to evaluate the effect of two dif-
ferent chronotherapeutic schemes of administration
of olmesartan, a conventional morning-based regi-
men vs a bedtime regimen, on both 24-hour BP con-
trol and night to day BP ratio on a population of type
2 diabetic patients with a recent diagnosis of hyper-
tension. Additionally, first morning urine void was
collected to evaluate the impact of both different
schemes on albumin excretion.

Diabetic patients usually present with nondipper
hypertension.24 Furthermore, nondipper pattern has
been associated in diabetic patients with increase
albumin excretion,14 renal impairment, and thus
increased mortality.12 The reason diabetic hyperten-
sive patients more frequently show this blunted
nocturnal fall is unknown, but it has been associ-
ated with increased nocturnal sympathetic activity
in patients with diabetic neuropathy13 and with
insulin resistance, a common finding in type 2 dia-
betic patients.25 ARBs reduce BP through competi-
tive antagonism of angiotensin II type 1 angiotensin
receptor, exerting their effect over 24 hours due to
their long half-life, but could further reduce noctur-
nal BP through an effect on insulin sensitivity26,27

and a reduction in the noradrenergic system.28 In
our study, heart rate was reduced significantly by
both morning and night administration of the drug
and, despite a slightly higher reduction seen follow-
ing nocturnal dosing, it was not significant.

LIMITATIONS
A major limitation of this study is the small popu-
lation. Another limitation concerns urinary albumin
excretion; a wider time lapse between baseline and
visit 2 might have been associated with greater dif-
ferences in ACR, as we know that ARBs’ effects on
albuminuria are time- and dose-dependent.

CONCLUSIONS
This small study has proven differences in terms of
BP control in diabetic hypertensive patients follow-
ing two different chronotherapeutic schemes, with
a greater reduction of SBP and MBP after nocturnal
administration of olmesartan, despite no differences
seen on 24-hour BP values. Whether these differ-
ences are significant in terms of CV outcomes war-
rants further investigation in order to evaluate
whether antihypertensive medications should be
given following a chronotherapeutic-based strategy
in type 2 diabetic patients, where nondipper hyper-
tension is a common finding that carries an
increased risk of cardiovascular events.
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