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Home Blood Pressure Is Associated with
Depressive Symptoms in an Elderly
Population Aged 70 Years and Over:

A Population-Based, Cross-Sectional Analysis

Kaijun NIUY, Atsushi HOZAWA?-), Shuichi AWATA®, Hui GUOVY,
Shinichi KURTY AMA?, Toru SEKI®, Kaori OHMORI-MATSUDA?, Naoki NAKAYA?,
Satoru EBIHARAY, Yun WANG?", Ichiro TSUJI?, and Ryoichi NAGATOMIV

Although several epidemiologic studies have assessed the relationship between low blood pressure and
depressive symptoms in geriatric populations, the results have been inconsistent. Because the white-coat
phenomenon is observed frequently in patients with depressive symptoms, we have considered that blood
pressure measured in nonmedical settings is important in assessing the relationship between blood pres-
sure and depressive symptoms among the geriatric population. The aim of this study was to investigate the
relationships between home blood pressure and depressive symptoms in a community-based elderly pop-
ulation aged 70 years and over. We analyzed a cross-sectional survey comprised of 888 community-dwelling
Japanese aged 70 years and older. Blood pressure was self-measured at home, and depressive symptoms
were evaluated using the 30-item Geriatric Depression Scale (GDS 30) with a cutoff point of 11. The preva-
lence of depressive symptoms was 34.8%. For all subjects, after adjustments for potentially confounding
factors, the odds ratios of having depressive symptoms by increasing quartiles of systolic blood pressure
of subjects not taking antihypertensive drugs to subjects taking them were 1.00, 0.97, 0.88, 0.59, and 0.70.
Statistically significant inverse relationships were observed in subjects not taking antihypertensive drugs.
No apparent association between diastolic blood pressure and depressive symptoms was observed in any
subjects or in a stratified analysis of antihypertensive drug use. In this study, a higher home systolic blood
pressure was independently and continuously related to a lower prevalence of depressive symptoms in par-
ticipants not using antihypertensive medication. Further study is required to clarify the causality of this rela-
tionship. (Hypertens Res 2008; 31: 409-416)
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Introduction

Depression in late life is a recognized public health problem.
Population-based estimates of the prevalence of mild and
severe depression (using cutoffs of 5/6 on the Geriatric
Depression Scale [GDS]-15) among older women in Japan
range from 34.2% to 37.0% and among older men range from
29.7% to 35.4% (1).

The global burden of hypertension is a leading risk factor
for cardiovascular and kidney disease and for mortality (2—4).
It has overshadowed possible health problems associated with
chronic low blood pressure (BP). Hypotension also is com-
mon in the general population and is associated with a distinct
body habitus (5). Low BP was associated with the develop-
ment of idiopathic chronic fatigue in women (6) and with
neurasthenic symptoms such as weakness, fatigue, crying,
psychological dysfunction, dizziness, and headache (7-9).
Recent studies also have indicated that low BP reduced corti-
cal activity (/0), cerebral perfusion, and maladaption of blood
flow to cognitive demands (/7). Since these chronic psycho-
logical dysfunctions and/or body symptoms may be associ-
ated with depressive symptoms (9), it was hypothesized that
low BP may be a potential risk factor for depressive symp-
toms (12).

However, in epidemiological studies, observations of the
relationship between BP and depression have been inconsis-
tent (/2-20). Because the white-coat phenomenon has been
observed frequently in all psychological types but especially
in types having depressive symptoms (21, 22), we have con-
sidered that BP measured in nonmedical settings is important
in assessing the relationship between BP and depressive
symptoms among the geriatric population. BP measurements
at home (home blood pressure, HBP) are known to avoid the
white-coat phenomenon (23-25). However, to our knowl-
edge, no previous study used HBP to examine the association
between BP and depressive symptoms among a geriatric pop-
ulation.

Thus, we used HBP to investigate the relationship between
BP (including systolic BP [SBP] and diastolic BP [DBP]) and
depressive symptoms among community-dwelling elderly
aged 70 years and over.

Methods

Study Participants

Our study population was comprised of subjects aged 70
years and older who were living in the Tsurugaya area of Sen-
dai, one of the major cities in the Tohoku area of Japan. At the
time of the study in 2002, there were 2,730 individuals aged
70 years and older living in Tsurugaya. All of these individu-
als were invited to participate in a comprehensive geriatric
assessment, which included medical status, physical function,
cognitive function, and dental status. Among them, 1,178 did

so, giving their informed consent for data analysis. The proto-
col of this study was approved by the Institutional Review
Board of the Tohoku University Graduate School of Medi-
cine.

In this study, the depressive symptoms were assessed with
the aid of the GDS (26). Out of the 1,178 subjects, 1,169 com-
pleted the GDS. Since BP was assessed using data from self-
measured BP at home, subjects who did not measure HBP
data for more than 3 days during the 4-week study period
were excluded (n=184; GDS=11: 41.0%). This criterion was
based on a previous observation that average BP values for
the first 3 days did not differ significantly from those obtained
during the entire study period (27, 28). We also excluded all
potential subjects with notable comorbidities, those who were
using drugs that could influence the degree of depressive
symptoms, those who reported a history of cancer (29)
(n=68), those who were using anti-depressants (n=16), and
13 subjects with cognitive dysfunction (Mini Mental State
Examination, MMSE, Score (30) <18). As a result of these
exclusions, the final study population was comprised of 888
subjects (mean*SD age 75.7+4.6 yeras, men: 44.0%).

Assessment of Depressive Symptoms

Depressive symptoms were assessed according to the Japa-
nese version (37) of the 30-item GDS using a cutoff point
(GDS score >11) indicating relatively mild to severe depres-
sive symptoms (26).

Assessment of HBP

HBP was self-measured with an HEM747IC device (Omron
Life Science, Tokyo, Japan), which uses the cuff oscillomet-
ric method to generate a digital display of SBP and DBP. This
device has been validated previously, and satisfies the criteria
of the Association for the Advancement of Medical Instru-
mentation (32). The following procedure was used to ascer-
tain the accuracy of the HBP measurement. First, physicians
informed the subjects about HBP recording and taught them
how to measure their own BP. The daily measurement was
made within 1 h after waking up and before breakfast, with
the subject seated and having rested for at least 2 min. Sub-
jects taking antihypertensive drugs measured their HBP
before taking the drugs. An individual’s HBP was defined as
the mean of all measurements obtained for that person. The
mean (£SD) number of HBP measurements was 15.7+10.5
(range, 3-49).

Assessment of Other Variables

Anthropometrics (height, body weight) were recorded by a
standardized protocol. Body mass index (BMI) was calcu-
lated as weight (kg)/height* (m?).

Sociodemographic variables including gender, age, educa-
tional level, and perceived social supports were also assessed.
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Table 1. Baseline Characteristics According to Blood Pressure Status
Subjects non-taking Subjects taking
antihypertensive drugs antihypertensive
(quartile) drugs
SBP SBP
81.4-123.6 123.7-134.7 134.9-147.0 147.2-203.3 105.7-224.7
mmHg mmHg mmHg mmHg mmHg
No. of participants 128 127 129 128 376
Age (years) 74.2 (73.5-75.0) 75.4(74.6-76.2) 76.3 (75.5-77.1) 764 (75.6-77.2) 759 (75.5-76.4)
Sex (female) 43.8 63.0 55.8 58.6 56.9
BMI 22.3(21.8-22.9) 23.3(22.8-23.9) 23.8(23.2-24.3) 24.6(24.0-25.2) 244 (24.1-24.8)
Total number of physical illness
>4 12.5 15.0 17.1 21.9 39.1
2-3 422 433 46.5 383 434
Lack of perceived social support (total score=0) 18.8 22.8 20.2 19.5 18.7
Cognitive ability
Normal (28<MMSE<30) 63.3 63.8 55.0 60.9 59.3
Slightly impaired (24<MMSE<27) 313 323 39.5 33.6 33.8
Smoking status
Current smoker 14.8 11.8 16.3 11.7 10.9
Ex-smoker 313 23.6 24.0 33.6 3255
Driking status
Current drinker 38.3 38.6 45.0 37.5 41.2
Ex-drinker 16.4 11.8 7.8 7.8 13.0
PA (= level 4) 39.8 33.1 30.2 28.1 319
Educational level (<12 years) 33.6 45.7 45.0 39.1 44.4
Pain 26.6 15.0 24.0 20.3 23.9
Impaired IADL 17.2 18.9 20.2 133 20.5
Subjects non-taking Subjects taking
antihypertensive drugs antihypertensive
(quartile) drugs
DBP DBP
49.6-69.0 69.3-74.9 75.0-82.1 82.1-105.4 49.3-123.8
mmHg mmHg mmHg mmHg mmHg
No. of participants 128 128 128 128 376
Age (years) 75.8 (75.0-76.6) 75.8 (75.0-76.6) 75.4 (74.6-76.2) 75.3 (74.5-76.1)  75.9 (75.5-76.4)
Sex (female) 54.7 53.9 57.8 54.7 56.9
BMI 224 (21.8-22.9) 23.7(23.1-24.2) 23.8(23.2-24.3) 24.2(23.6-24.8) 24.4(24.1-24.8)
Total number of physical illness
>4 14.1 17.2 15.6 19.5 39.1
2-3 49.2 41.4 422 37.5 434
Lack of perceived social support (total score=0) 22.7 23.4 20.3 14.8 22.3
Cognitive ability
Normal (28<MMSE<30) 63.3 56.3 57.8 65.6 59.3
Slightly impaired (24<MMSE<27) 30.5 383 37.5 30.5 33.8
Smoking status
Current smoker 14.8 10.2 14.8 14.8 10.9
Ex-smoker 25.0 313 25.0 313 325
Driking status
Current drinker 36.7 35.2 43.0 44.5 41.2
Ex-drinker 14.8 14.1 7.8 7.0 13.0
PA (= level 4) 414 352 28.9 25.8 319
Educational level (<12 years) 39.1 46.1 43.0 352 44.4
Pain 22.7 21.1 242 18.0 23.9
Impaired TADL 20.3 20.3 17.2 11.7 20.5

Variables are presented as mean (95% CI) or %. CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure;
BMI, body mass index; MMSE, Mini Mental State Examination; PA, physical activity; IADL, instrumental activities of daily living.
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Educational level was assessed by determining age at comple-
tion of schooling and was divided into two categories: <12 or
>12 years. Perceived social support (PSS) was evaluated on
the basis of responses (yes or no) to five questions: “Do you
have someone to talk to when you are in trouble?” (PSS 1);
“Do you have someone to talk to when you’re not feeling
well?” (PSS 2); “Do you have someone who can help you
with daily housework?” (PSS 3); “Do you have someone who
can take you to the hospital when you don’t feel well?” (PSS
4); and “Do you have someone who can take care of you
when you are ill in bed?” (PSS 5). These questions were
extracted from a previous study regarding social support and
elderly depression in a rural community (33). A strong asso-
ciation between negative answers to these items and depres-
sion has been confirmed in two Japanese community studies
of elderly populations (33, 34). A single summed score was
calculated based on the PSS 1-5. No PSS was defined as a
score of 0.

Health-related variables assessed included history of phys-
ical illness, pain, cognitive function, instrumental activities of
daily living (IADL), and current use of medication. History of
physical illness was evaluated on the basis of responses (yes
or no) to questions concerning history of a stroke, ischemic
heart disease, diabetes mellitus, hyperuricemia, hyperlipi-
demia, renal disease, liver disease, cholelithiasis or cholecys-
titis, a gastric or duodenal ulcer, tuberculosis, pneumonia,
asthma, a hearing disturbance, cataracts, glaucoma, arthritis,
and osteoporosis. Subjects were classified into three catego-
ries according to the total number of these conditions in the
subject’s history: 0—1, 2—3, or >4. Pain within the previous 4
weeks was assessed by the question, “Have you had any pain
recently? If so, how intensely do you feel such pain?”” Possi-
ble answers were “no pain,” “very mild pain,” “mild pain,”
“moderate pain,” and “severe pain.” A subject who reported
mild to severe pain was considered to have pain. Cognitive
function was assessed on the basis of the MMSE and was
classified into three categories: 18-23, 24-27, and 28-30.
TADLs were assessed using the Rouken-Shiki scale (35), and
a cutoff point of 10/11 was used to determine impairment in
TADL. Information about antihypertensive drugs was con-
firmed by a well-trained pharmacist.

Information on smoking status and drinking status was
obtained from the questionnaire survey. Physical activity
(PA) was assessed first by a self-reported single-item ques-
tion on whether or not the participant obtained any PA in the
past year. If yes, questions were asked about the frequency
and duration of walking, brisk walking, and sports. PA was
then classified into three categories, based on frequency and
duration in the participant: 1) High: at least 3—4 times per
week for at least 30 min each time; 2) Low: reporting some
activity in the past year, but not enough to meet high levels;
and 3) None: no PA. Furthermore, PA was classified into six
levels based on these three categories and each PA such as
walking, brisk walking, and sports: 1) Level 1: no walking, no
brisk walking, no sports; 2) Level 2: low walking, no brisk

9 ¢

walking, no sports; 3) Level 3: high walking, no brisk walk-
ing, no sports; 4) Level 4: any walking, low brisk walking, no
sports; 5) Level 5: any walking, high brisk walking, no sports;
6) Level 6: any walking, any brisk walking, low or high
sports. Detailed information was provided in previous reports
(36). Finally, subjects were divided into two categories:
<level 3 or >level 3.

Statistical Analysis

Descriptive data are presented as means (95% confidence
interval [CI]) or percentages. Depressive symptoms (GDS
scores >11) were used as the dependent variables and the
HBP level as the independent variable. Multiple logistic
regression analysis was used to examine the relationship
between HBP and depressive symptoms after adjustment for
age, sex, BMI, self-reported medical conditions, lack of PSS,
smoking and drinking habits/history, educational level,
impaired physical functioning, cognitive status, pain, PA, and
the number of HBP measurements. p values for linear trends
were calculated using the median (mmHg) of HBP groups.
The odds ratios (ORs) and 95% CI of depressive symptoms
for increasing HBP levels, with the lowest level as the refer-
ence, were also calculated using multiple logistic regression
analysis. A significant difference was defined as p<<0.05. All
statistical analyses were performed using the Statistical Anal-
ysis System 9.1 edition for Windows (SAS Institute, Cary,
USA).

Results

In this study, 34.8% (407/1,169) of the subjects were classi-
fied as having depressive symptoms. Among the 888 subjects
who were available for analysis, 285 (32.1%) were classified
as having depressive symptoms.

Baseline characteristics according to BP status are pre-
sented in Table 1.

Table 2 shows the adjusted association between the HBP
quartile of subjects not taking antihypertensive drugs, sub-
jects taking antihypertensive drugs, and depressive symp-
toms. Although not statistically significant, ORs adjusted for
potentially confounding factors for depressive symptoms
were lowest in the highest tertiles of subjects not taking anti-
hypertensive drugs (OR: 0.59; 95% CI: 0.32-1.08) in SBP.
Similarly, we observed lower ORs of having depression in
participants taking antihypertensive medication compared
with the lowest SBP quartile of participants not taking anti-
hypertensive medication. In contrast, there was no apparent
association between DBP and depressive symptoms.

Table 3 shows separately the adjusted association between
HBP quartiles and depressive symptoms in subjects not tak-
ing antihypertensive drugs and those taking antihypertensive
drugs. In subjects not taking antihypertensive drugs, the ORs
of depressive symptoms decreased across the levels of SBP.
The age- and sex-adjusted ORs for depressive symptoms
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Table 2. Adjusted Relationships of Blood Pressure to Depressive Symptoms

Subjects taking

Subjects non-taking antihypertensive drugs (quartile) antihypertensive
drugs
SBP SBP
81.4-123.6 123.7-134.7 134.9-147.0 147.2-203.3 105.7-224.7
mmHg mmHg mmHg mmHg mmHg
No. of participants 128 129 128 376
No. of depressive symptoms 43 43 32 123
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 0.92 (0.54-1.56) 0.87(0.51-1.47) 0.57(0.32-0.98)  0.85(0.55-1.32)
Multiple adjusted™® 1.00 0.97 (0.55-1.69) 0.88 (0.50-1.55) 0.59 (0.32-1.08)  0.70 (0.43-1.15)
Subjects taking
Subjects non-taking antihypertensive drugs (quartile) antihypertensive
drugs
DBP DBP
49.6-69.0 69.3-74.9 75.0-82.1 82.1-105.4 49.3-123.8
mmHg mmHg mmHg mmHg mmHg
No. of participants 128 128 128 376
No. of depressive symptoms 38 42 33 123
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 1.48 (0.88-2.52) 1.16 (0.68-1.98) 0.83 (0.48-1.45)  1.14 (0.74-1.78)
Multiple adjusted* 1.00 1.51 (0.87-2.64) 1.20(0.68-2.12) 0.94 (0.52-1.69)  0.96 (0.59-1.57)

*Adjusted for age, sex, BMI, self-reported medical conditions, lack of perceived social support, respectively, smoking and drinking hab-
its/history, educational level, cognitive status, pain, physical activity, impaired instrumental activities of daily living and the number of
HBP measurements. CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; HBP,

home blood pressure.

across SBP were 1.00, 0.86, 0.82, and 0.53 (p for
trend=0.03), and ORs across DBP were 1.00, 1.50, 1.16, and
0.83 (p for trend=0.31), respectively. These results were
unchanged when adjusted for multiple confounding factors.
In contrast, no apparent association was observed in subjects
taking antihypertensive drugs.

Discussion

In this cross-sectional study, we examined the relationship
between HBP and depressive symptoms in a community-
dwelling elderly population aged 70 years and over. Our
results suggested that lower SBP, but not lower DBP, was
related to depressive symptoms independently of potential
confounding factors in subjects not taking antihypertensive
drugs.

Several studies used office BP to investigate the relation-
ship between BP and depressive symptoms, but the results
were inconsistent. Four cross-sectional (/2—15) studies and a
prospective study (/6) showed inverse associations between
BP and depressive symptoms. Another prospective study
found no association (/7). In contrast, three cross-sectional
studies found a positive association between hypertension

and depression (/8—20). Only one previous study (37) using
HBP reported no significant relationship between BP levels,
and psychological dysfunction/fatigue was demonstrated
among younger subjects (mean age+SD: 48.7+16 years).
However, they did not assess the depressive symptoms.
Because some studies reported that the white-coat phenome-
non was frequently observed in depressive symptoms (27,
22), it might be interesting to investigate the relationship
between BP measured in nonmedical settings and depressive
symptoms. Therefore, HBP was used to assess the relation-
ships between BP and depressive symptoms in this study. The
present results suggested that SBP, but not DBP, is inversely
related to depressive symptoms among an elderly population
not taking hypertensive drugs.

An important finding in the current study was the inverse
relationship between HBP and depressive symptoms in sub-
jects who were not taking antihypertensive drugs. Moreover,
the ORs of having depression were lower, although not signif-
icantly, in subjects taking antihypertensive drugs than among
the lowest SBP quartile of subjects not taking antihyperten-
sive drugs. This result can be interpreted in several ways.
First, because antihypertensive medication lowered BP,
weaken BP’s influence on depressive symptoms. Second, one
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Table 3. Adjusted Relationships of Blood Pressure (Quartile) to Depressive Symptoms

a. Subjects non-taking antihypertensive drugs (n=512)

Systolic blood pressure (mmHg)

p for trend
81.4-123.6 123.7-134.7 134.9-147.0 147.2-203.3
No. of participants 128 127 129 128 —
No. of depressive symptoms 43 44 43 32 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 0.86 (0.50-1.47) 0.82 (0.48-1.40) 0.53 (0.30-0.92) 0.03
Multiple adjusted* 1.00 0.81 (0.46-1.47) 0.72 (0.39-1.33) 0.46 (0.23-0.88) 0.02
Diastolic blood pressure (mmHg)
p for trend
49.6-69.0 69.3-74.9 75.0-82.1 82.1-105.4
No. of participants 128 128 128 128 —
No. of depressive symptoms 38 49 42 33 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 1.50 (0.88-2.55) 1.16 (0.67-1.98) 0.83 (0.48-1.45) 0.31
Multiple adjusted* 1.00 1.47 (0.82-2.64) 1.15(0.64-2.09) 0.90 (0.48-1.69) 0.52
b. Subjects taking antihypertensive drugs (n=376)
Systolic blood pressure (mmHg)
p for trend
105.7-134.3 134.5-144.3 144.7-156.4 156.5-224.7
No. of participants 94 94 94 94 —
No. of depressive symptoms 33 29 30 31 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 0.82(0.44-1.51) 0.86 (0.46—-1.58) 0.84 (0.45-1.57) 0.64
Multiple adjusted* 1.00 0.84 (0.44-1.62) 1.03 (0.53-1.99) 0.80 (0.41-1.59) 0.64
Diastolic blood pressure (mmHg)
p for trend
49.3-72.0 72.0-77.9 77.9-84.0 84.0-123.8
No. of participants 94 94 94 94 —
No. of depressive symptoms 32 38 23 30 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 1.34 (0.74-2.43) 0.64 (0.34-1.21) 0.93 (0.51-1.72) 0.39
Multiple adjusted* 1.00 1.70 (0.89-3.29) 0.85(0.43-1.70) 0.95 (0.49-1.84) 0.43

*Adjusted for age, sex, BMI, self-reported medical conditions, lack of perceived social support, respectively, smoking and drinking hab-
its/history, educational level, cognitive status, pain, physical activity and impaired instrumental activities of daily living and the number
of HBP measurements. CI, confidence interval; BMI, body mass index; HBP, home blood pressure.

more possibility that might explain the inverse relationship
between SBP and depressive symptoms was the issue of mea-
surement timing. HBP was measured in the early morning,
and a question on the GDS (Question 27: “Do you enjoy get-
ting up in the morning?”) was in harmony with symptoms of
hypotension in the morning. Therefore, participants with
morning hypotension tended to score higher on the GDS
scale. This also makes it possible to explain the inverse asso-
ciation of BP with depression symptoms. To understand the
causal relation of BP in nonmedical settings with depressive
symptoms, prospective studies using ambulatory BP mea-
surements that can assess not only morning BP but also day-
time BP are required.

The biological mechanisms involved in the relationship
between HBP and depression are not well known. Recent

findings have indicated that many neuropeptides play a major
role in mediating the response to stress-related diseases,
including depression and anxiety disorders (38). The overex-
pression of endogenous neuropeptide Y in transgenic rats has
been associated with lower BP at baseline and during stress
(39). Thus, these findings suggested that neuropeptide Y may
be a possible link between low BP and depressive symptoms.
Further study is required to clarify the biological mechanism
underlying the association between lower BP and depressive
symptoms.

A previous study reported that chronic hypotensives have a
female preponderance (40). In contrast, the current results
show that the proportion of males was higher in the lowest
SBP group than in the other SBP groups (Table 1). Differ-
ences in participant population may partly explain the incon-



sistencies. Further study is required for clarification.

This study had several limitations. First, the participants
were sufficiently active and healthy to participate in the sur-
vey; therefore, it is possible that our results do not apply to
subjects at higher risk. Second, because this study was cross-
sectional, we could not conclude that lower HBP increases the
occurrence of depressive symptoms or that depressive symp-
toms lead to the decline of HBP among subjects aged 70 years
and over. Therefore, a prospective study or trial should be
undertaken to confirm the relationship between HBP and
depressive symptoms. Third, since screening BP was not
measured, we could not infer the influence of screening BP on
depressive symptoms in this study population. Finally, the
GDS scale was designed for measuring the intensity of
depressive symptoms and not for making a clinical diagnosis
of depressive episodes. Therefore, a larger sample population
using a standardized comprehensive structured diagnostic
interview should be undertaken to confirm the relation
between HBP and depressive episodes.

In conclusion, home SBP, but not home DBP, was inde-
pendently related to a lower prevalence of depressive symp-
toms in a community-dwelling elderly population not taking
antihypertensive drugs. A prospective study or randomized
trials are required to clarify the causality in this relationship.
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