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Poor Blood Pressure and Urinary Albumin
Excretion Responses to Home Blood
Pressure-Based Antihypertensive Therapy
in Depressive Hypertensive Patients
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There has been no report comparing the changes
in home blood pressure (HBP) and target organ
damage between depressive and nondepressive
hypertensives receiving antihypertensive therapy
based on HBP monitoring. This study was a mul-
ticenter prospective study conducted by 7 doctors
at 2 institutions. The authors prospectively
studied 42 hypertensive patients with home systolic
blood pressure >135 mm Hg. Participants were
divided into a depression group (Beck Depression
Inventory score >10; n=21) and a nondepression
group (Beck Depression Inventory score <9,
matched for HBP level; n=21). The authors
performed antihypertensive therapy to reduce
home systolic blood pressure to below 135 mm
Hg and, 6 months later, evaluated the urinary
albumin ⁄ creatinine ratio (UACR). Although
patients in the depression group tended to require
the addition of a greater number of medications
than those in the nondepression group (2.3�1.0

vs 1.7�1.0 drugs, P<.05), HBP was reduced
similarly in both groups at 6 months (depression
group: 150�17 ⁄ 78�11 mm Hg to 139�11 ⁄
73�8 mm Hg, P<.001; nondepression group:
150�11 ⁄ 76�9 mm Hg to 135�9 ⁄ 70�8 mm Hg,
P<.01). The reduction of UACR was smaller in
the depression group than in the nondepression
group (2.4 vs 10.1 mg ⁄ gCr, P<.05). Depressive
hypertensive patients required a larger number of
antihypertensive drugs to control HBP, and
showed a smaller reduction in UACR than
nondepressive hypertensives. J Clin Hypertens
(Greenwich). 2010;12:345–349. ª 2010 Wiley

Periodicals, Inc.

Depression is a risk factor for development of
hypertension1 and is also associated with

poor prognosis of hypertensive patients.2 Depres-
sion is associated with poor blood pressure (BP)
control, which may be partly explained by poor
adherence to drug regimens titrated by clinic BP.3

The titration based on the home blood pressure
(HBP) self-measured by patients themselves may
improve the adherence to antihypertensive medi-
cation. However, there has been no report com-
paring the changes in HBP and target organ
damage between depressive and nondepressive
hypertensives receiving antihypertensive therapy
based on HBP monitoring.

In this study, we prospectively investigated
whether there are significant differences in the
changes in HBP and in measures of hypertensive
target organ damage (urinary albumin ⁄creatinine
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ratio (UACR); B-type natriuretic peptide (BNP)4–8

during antihypertensive therapy titrated by HBP
monitoring between depressive hypertensives and
nondepressive hypertensives.

METHODS
Patients and Study Protocol
This study was a multicenter prospective study con-
ducted by 7 doctors at 2 institutions. We enrolled
48 hypertensive patients with a home systolic BP
�135 mm Hg. Patients were excluded if they had
already been diagnosed with depression or were
taking an antidepressant, or if they had been diag-
nosed with congestive heart failure. At baseline
examination, a series of physical examinations was
performed. Subjects were asked about their past
history and lifestyle, and their depression status
was determined using the Beck Depression Inven-
tory (BDI). We prospectively studied those with a
BDI score >10 (depression group: n=21) and those
with a BDI score <9 (matched for home systolic
BP level; nondepression group: n=21).9,10 The phy-
sicians did not know the patient’s depression status,
BNP level, or UACR during the study period. Phy-
sicians were asked to evaluate the patient’s HBP
(average of morning and evening BP), and to
attempt to reduce it to below 135 mm Hg within 6
months (the study period) using any antihyperten-
sive drugs they considered appropriate.

Antihypertensive medications were classified as
calcium channel blockers (this category included
dihydropyridine calcium channel blockers as well
as verapamil and diltiazem), angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers,
b-blockers, diuretics, and a-blockers. We defined
inhibitors of the renin-angiotensin system as angio-
tensin-converting enzyme inhibitors and ⁄or angio-
tensin receptor blockers. UACR and BNP were
measured at 6 months after the start of treatment
(the end of the study). Written informed consent
was obtained from all enrolled patients.

HBP Measurements
HBP was measured using a validated upper arm cuff-
oscillometric device (HEM-5001; Omron Health-
care, Kyoto, Japan).11 The HEM-5001 device is
equipped with BP memory for recalling measure-
ments and produces a graph of the weekly-averaged
BP and pulse rate.12

HBP was measured on the nondominant upper
arm in the sitting position after 2 minutes of rest.
In both groups, the HBP monitoring device auto-
matically took 3 readings at 15 second intervals on
each occasion, and stored the data in the monitor

memory. Morning BP was measured within 1 hour
after waking, after urination, and before breakfast
and taking antihypertensive medication.13,14 Even-
ing BP was measured immediately before going to
bed. Patients were instructed to avoid measuring
BP just after taking a bath, drinking alcohol, or
smoking. HBP was defined as an average of morn-
ing and evening BP over the 2 weeks immediately
before visiting the physician’s office.

Clinic BP was taken in 3 readings per occasion
after a rest of at least 5 minutes in a sitting posi-
tion. Clinic BP was measured using the HBP moni-
toring device that patients brought with them to
the clinic, by a physician pressing a casual BP mea-
surement button.12

Biochemical and Urine Examination
Blood samples and spot samples of urine were
collected in the morning in a fasting state. Blood
and urine examination were performed at the
enrollment and after 6 months of treatment. The
BNP level was measured using a radioimmunoas-
say (Shionogi Inc., Osaka, Japan). The urinary
microalbumin level was measured using the
immunoturbidimetric method (Mitsubishi Kagaku
Iatron Inc., Tokyo, Japan). Urine creatinine was
measured by Jaffe reaction without deproteini-
zation and then quantified by a photometric
method. The ratio of the urinary albumin level to
the urinary creatinine level was calculated as the
UACR. The estimated glomerular filtration rate
was calculated by using the Japanese Society of
Nephrology-Chronic Kidney Disease Initiatives
coefficient.15

Statistical Analysis
All data were expressed as the mean � standard
deviation or a percentage. BNP and UACR were
presented as the median value together with the
25th and 75th percentiles (25%, 75%), and log-
transformed before statistical analysis. An unpaired
t-test was used to compare HBP and the increase of
medication between the depression group and non-
depression group. A Mann-Whitney U test was
used to compare the change of UACR between the
depression group and nondepression group. All sta-
tistical analyses were performed using the computer
software package SPSS version 11.0J (SPSS Inc.,
Chicago, IL). A P value <.05 was considered
statistically significant.

RESULTS
Baseline characteristics are shown in the Table. The
mean � standard deviation age was 72�9 years
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and 38% of participants were men. The 2 groups
were similar in terms of clinic ⁄home BP, demo-
graphic characteristics, antihypertensive drug use
before enrollment, and prevalence of coexisting car-
diovascular conditions, but BNP in the depression
group was higher than that in the nondepression
group (37.7 vs 23.3 pg ⁄mL, P <.05). HBP was
reduced in both groups at 6 months (depression
group: 150�17 ⁄78�11 mm Hg to 139�11 ⁄
73 �8mm Hg, P <.001; nondepression group:
150�11 ⁄76�9 mm Hg to 135�9 ⁄70�8 mm Hg,
P <.01; Figure). The reduction of home ⁄clinic BP
was not significantly different between the 2 groups
at the end of the study, although the depression
group required the addition of a greater number of
medications than the nondepression group (2.3�1.0
vs 1.7�1.0 drugs, P <.05; Figure). Significantly
more inhibitors of the renin-angiotensin system
were added in the depression group than in the
nondepression group (86% vs 38%, P <.01).

The reduction of UACR in the nondepression
group was greater than that in the depression group

(10.1 vs 2.4 mg ⁄gCr, P <.05). Estimated glomeru-
lar filtration rate was not changed in either group
during this study (the depression group: 91.5 to

Table. Baseline Characteristics

Depression n=21 Nondepression n=21 P Value

Age, y 73.9�9.2 70.1�8.7 NS

Male, % 38 38 NS
Body mass index, kg ⁄ m2 23.8�3.2 24.2�3.0 NS
Current drinking, No. (%) 6 (29) 6 (29) NS

Current smoking, No. (%) 5 (24) 2 (10) NS
Duration of hypertension, y 9.0 (7.0–17.5) 10.0 (3.0–16.5) NS
Duration of hypertensive therapy, y 7.0 (3.0–14.5) 7.0 (0.5–15.0) NS
Diabetes, No. (%) 5 (24) 2 (10) NS

Hyperlipidemia, No. (%) 6 (29) 6 (29) NS
ARB, No. (%) 6 (29) 5 (24) NS
ACE inhibitor, No. (%) 8 (38) 14 (67) NS

Calcium channel blocker, No. (%) 18 (86) 17 (81) NS
b-Blocker, No. (%) 4 (19) 1 (5) NS
Diuretics, No. (%) 5 (24) 2 (10) NS

a-Blocker, No. (%) 4 (19) 3 (14) NS
Brain natriuretic peptide, pg ⁄ mL 37.7 (22.1–60.1) 23.3 (16.9–31.1) <.05
Serum creatinine, mg ⁄ dL 0.7 � 0.2 0.8 � 0.2 NS
Estimated GFR, mL ⁄ min ⁄ 1.73 m2 91.5�21.9 79.7�14.6 NS

Urinary albumin ⁄ creatinine ratio, mg ⁄ gCr 30.9 (10.1–143.2) 25.4 (11.5–83.7) NS
Clinic systolic blood pressure, mm Hg 164�27 162�14 NS
Clinic diastolic blood pressure, mm Hg 84�13 82�12 NS

Clinic pulse rate, bpm 76�11 77�15 NS
Home systolic blood pressure, mm Hg 150�17 150�11 NS
Home diastolic blood pressure, mm Hg 78�11 76�9 NS

Home pulse rate, bpm 70�8 70�10 NS

Data are shown as the No. (percentage) or mean � standard deviation. Duration of hypertension, duration of hypertensive
therapy, brain natriuretic peptide and urinary albumin ratio are the median values (25% value–75% value).
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; bpm, beats per minute; GFR,

glomerular filtration rate; NS, not significant.

Figure. Home systolic blood pressure (BP) and increase
of medication over 6 months.
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89.0 mg ⁄gCr, P = not significant; nondepression
group: 79.7 to 78.8 mg ⁄gCr, P = not significant).
BNP was higher in the depression group than in
the nondepression group at baseline (37.7 vs
23.3 pg ⁄mL, P <.05), and this difference between
the depression group and nondepression group
was similar at 6 months (40.5 vs 24.1 pg ⁄mL,
P <.05).

In the overall group (combined depression and
nondepression groups, n=42), the BDI score was
not associated with either log BNP at the baseline
or UACR response.

DISCUSSION
In this prospective study of antihypertensive therapy
titrated by HBP monitoring, we demonstrated that
depressive hypertensives required a greater number
of additional antihypertensive drugs in order to
achieve a similar level of HBP control. The reduc-
tion of UACR was smaller in the depression group
than in the nondepression group.

In this study, depressive hypertensives required a
greater number of antihypertensive drugs in order
to control HBP to <135 mm Hg systolic. This
result may partly be explained by poor adherence
in depressive patients. Depression has been reported
to be associated with poor adherence to treatment,3

and poor adherence is an important cause of resis-
tant hypertension.14,16,17 In addition, it has been
reported that physicians’ attitudes to antihyperten-
sive therapy can contribute to inadequate BP con-
trol,18 and thus physicians with a more proactive
attitude to improving adherence might be needed
to treat depressive hypertensives.

However, at 6 months after the start of medica-
tion, the reduction in HBP as well as that in clinic
BP were comparable between the depression and
nondepression groups. This suggests that poor
adherence could not completely explain our find-
ings. A previous study reported that increases in
depression score (BDI) were significantly associated
with greater 24-hour urinary norepinephrine,19 sug-
gesting that increased neurohumoral activation and
advanced target organ damage in depressive
patients may partly contribute to the difficulty of
BP control.

This possibility may be supported by the finding
that the reduction of UACR was smaller in
the depression group than in the nondepression
group, even though renin-angiotensin system inhibi-
tors were more frequently used in the depression
group than in the nondepression group. In addition
to the increased neurohumoral activation, increased
inflammation may contribute to poor UACR

response. Depressive patients are reported to have
increased levels of inflammatory markers.20

BNP was higher in the depression group than in
the nondepression group at baseline. It has been
shown that depressive symptoms are associated with
a higher BNP level in patients with heart failure.21

Although the relationship between depression and
BNP has never been demonstrated in hypertensive
patients, the higher BNP level found in the depres-
sion group may have been due to the advanced
hypertensive cardiac remodeling. The increased use
of renin-angiotensin inhibitors in the depression
group might have been related to the advanced
hypertensive cardiac remodeling.

There were several important limitations in this
study. First, this study was not a randomized study
and antihypertensive drugs were not added in a
standardized fashion, while the doctors who titrated
the antihypertensive medications were blinded to
the depression score. Second, we did not objectively
evaluate adherence by an objective method such as
electronic medication monitoring.22

CONCLUSIONS
In depressive hypertensive patients, a greater num-
ber of antihypertensive drugs was required to con-
trol HBP, and the reduction of urinary albumin
excretion was smaller than that in nondepressive
patients. Further studies will be needed to clarify
the characteristics of the BP lowering and target
organ protection conferred by antihypertensive
therapy in depressive hypertensive patients.
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