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Abstract
Depression is associated with mortality in patients with cardiovascular risk factors. The frequency and severity of depression
and the association between depression and cardiovascular events have sex-specific and ethnic differences. We conducted
this study to evaluate the sex-specific difference in the association between depression and cardiovascular prognosis
in patients with cardiovascular risk factors. We enrolled 4025 patients (64.7 ± 10.9 years, 53% women, 47% men) with
cardiovascular risk factors in the Japan Morning Surge–Home Blood Pressure study. Depressive symptoms were assessed
using the Beck Depression Inventory (BDI). The follow-up period was 47 ± 24 months. The primary end points were
all-cause mortality and nonfatal cardiovascular events. The BDI scores and the prevalence of depression were significantly
higher in women than in men. When a BDI score of 16 was the cutoff, the primary end points in the depression group
(n= 217) were significantly higher than those in the nondepression group (n= 1677) among men (adjusted hazard ratio
1.76, 95% confidence interval: 1.17, 2.64; P= 0.007). In women, the primary end points in the depression and
nondepression groups were similar when BDI scores of 16, 14, and 10 were the cutoffs. In conclusion, depression defined
by a BDI score ≥16 was associated with cardiovascular events in men with cardiovascular risk factors.
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Introduction

Depression has a high prevalence and is associated with a
decreased quality of life [1]. Depression is also associated
with mortality in patients with cardiovascular disease and
cardiovascular risk factors. Several studies have shown that
a higher depression score is associated with a poor prog-
nosis in patients after myocardial infarction [2–4]. A higher
depression score has also been associated with mortality and

cardiovascular events in hypertensive patients [5, 6] and
patients with diabetes [7–9]. Therefore, the identification
of depression can help predict cardiovascular events in
individuals with cardiovascular disease or cardiovascular
risk factors.

The association between baseline characteristics and the
cardiovascular event rate differs between the genders [10],
and a propensity for depression appears to be strong in
women [11]. The prevalence of depression is more frequent
in women than in men among patients with coronary
artery disease, heart failure [12, 13], and hypertension [5].
However, the prognosis for depressive men with myocardial
infarction is poor compared with that of depressive women
[14]. In addition, the difference in prognosis between
depressive men and women remains unclear in patients with
cardiovascular risk factors (e.g., hypertension or diabetes).
The frequency and severity of depression also show ethnic
differences [15, 16].

The Beck Depression Inventory (BDI) is broadly used
as an evaluation predictor of depression; however, various
cutoff levels of the BDI may be used [17]. We conducted
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this study to evaluate the sex-specific difference in the
association between depression and cardiovascular prog-
nosis in patients with cardiovascular risk factors using
various cutoff levels of the BDI score.

Methods

Study participants

This study was performed as a subanalysis part of the Japan
Morning Surge–Home Blood Pressure (J-HOP) study [18].
The protocol of the J-HOP study has been registered at
the University Hospital Medical Information Network
Clinical Trials Registry website under the trial identifier
UMIN000000894. The J-HOP study is a prospective,
observational evaluation of the predictive values of home
blood pressure (BP) for cardiovascular events in Japanese
outpatients with any of the following cardiovascular risk
factors identified at a clinic or hospital: hypertension, dia-
betes, hyperlipidemia, smoking habit (including patients
with chronic obstructive pulmonary disease), chronic renal
disease, atrial fibrillation, metabolic syndrome, and sleep
apnea syndrome.

Hypertension was defined as an office systolic BP ≥
140 mmHg, diastolic BP ≥ 90 mmHg, or both or current
treatment with anti-hypertensive medication. Hyperlipide-
mia was defined as a total cholesterol level ≥240 mg/dL
or current treatment with an oral lipid-lowering agent.
Diabetes was defined as a fasting glucose level ≥126 mg/dL,
a random nonfasting glucose level ≥200 mg/dL, or current
treatment with an oral hypoglycemic agent or insulin.
Smoking was defined as a current smoking habit.

Assessment of depression

Depressive symptoms were assessed using the BDI [19],
which is a 21-item self-completed questionnaire that mea-
sures the characteristic symptoms of depression, including
negative affect, cognition, and somatic symptoms. The
BDI has been shown to have prognostic value in cardiac
populations [20, 21]. The Japanese version of the BDI score
has been validated [22] and used for clinical follow-up
and depression therapy [23, 24]. We determined depression
as a BDI score ≥10, ≥14, and ≥16 in accord with past reports
[17, 25, 26].

Blood pressure measurements

Office BP was measured by a nurse using a validated upper
arm cuff oscillometric BP device [27] with the patient
seated and after 5 min of rest. Three measurements were
conducted at each of two visits. Three BP and pulse rate

measurements were obtained continuously at 15-s intervals:
the 1st measurement, a 15-s interval, the 2nd measurement,
a 15-s interval, and the 3rd measurement. The values of
office BP and pulse rate were defined by the average of
six readings from each of the two clinic visits.

Blood and urine samples

Blood and spot urine samples were collected in the morning
in a fasting state at enrollment. The blood samples were
centrifuged at 3000×g for 15 min at room temperature.
Plasma/serum samples after separation and urine samples
were stored at 4 °C in refrigerated containers and sent to
a commercial laboratory within 24 h of collection. Serum
samples after separation were also stored at −80 °C. All
assays were performed within 24 h of sample collection
at the same single laboratory center.

We measured the levels of total cholesterol, triglycerides,
fasting glucose, glycated hemoglobin (hemoglobin A1c),
and brain natriuretic peptide (BNP). Urinary albumin levels
were measured using a turbidimetric immunoassay and
is expressed as the albumin-to-creatinine ratio (mg/gCr).
Both the serum and urine creatinine were measured by
enzymatic assay. All blood samples were measured at a
single laboratory.

Pulse oximetry

The nocturnal oxygen saturation changes were evaluated by
a pulse oximetry device (PULSOX-3Si, Minolta, Tokyo)
in 973 patients. The device was attached to the left arm of
the patient from the time that he or she went to bed until
she/he rose in the morning. The sensor probe was fitted to
the second, third or fourth finger and secured with tape or a
finger glove to prevent detaching. The data recorded by
the pulse oximeter were downloaded to a personal computer
via an interface and analyzed using proprietary software
supplied with the equipment (DS-Me ver. 2.1, Minolta). We
used the value of oxygen desaturation per hour (i.e., the
oxygen desaturation index (ODI)) as an indicator of sleep
disorder. A 3% ODI was selected as an index of oxygen
desaturation.

Follow-up and primary end points

The primary end points included all-cause mortality and
nonfatal cardiovascular events. The outcomes were cate-
gorized as follows:

(1) Fatal and nonfatal stroke, defined as the sudden onset
of a neurologic deficit that persisted for ≥24 h in the
absence of another disease that could account for
the symptoms, with the findings of brain computed
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tomography or magnetic resonance imaging; transient
ischemic attack was not included.

(2) Fatal and nonfatal coronary artery disease, defined
as acute myocardial infarction, angina pectoris that
required percutaneous coronary intervention, and
sudden death within 24 h of the abrupt onset of
symptoms.

(3) Fatal and nonfatal heart failure and artery disease that
required admission.

(4) Other fatal events (e.g., cancer or suicide).

Evidence regarding the previously described cardiovas-
cular disease outcomes was ascertained by ongoing reports
from a general physician at each institute. Incident fatal
and nonfatal events were ascertained by means of annual
or more frequent reviews of patient medical records. When
patients failed to come to the hospital, we interviewed them
and/or their families by telephone.

The end point committee adjudicated all events by
reviewing patient files and source documents or requesting
more detailed written information from investigators. The
committee was blinded to the individual clinical character-
istics, including home BP data. A final follow-up survey
to reconfirm the clinical outcomes was performed from
September 2014 to March 2015.

Statistical analysis

The χ2 test was used for the categorical data. Unpaired
t-tests were used for the normally distributed data and
comparisons between two groups, and an analysis of var-
iance was used for comparisons of more than two groups.
The hazard ratios were adjusted for age, sex, body mass
index, drinking habit, current smoking habit, history of
hypertension, dyslipidemia, diabetes, ischemic heart disease
and stroke. We used Cox proportional hazard models to
examine the associations between depression (defined as a
BDI score ≥16) and the primary end points, including the
clinic BP, the albumin-to-creatinine ratio, and the BNP

level. To evaluate the effect size of depression (defined as a
BDI score ≥16) on outcomes, we used the likelihood ratio
values to evaluate the goodness-of-fit of the predictive
models. Our comparison of the discriminative ability of
each model was conducted with Harrell C statistics (with
95% confidence intervals (CIs) calculated by boot-
strapping). The covariates included traditional risk factors:
age, sex, body mass index, current smoking habit, history
of hypertension, dyslipidemia, diabetes, prior ischemic
heart disease, and prior stroke; the factors in model 1,
clinic systolic BP, log urine albumin-to-creatinine ratio,
and BNP were used in model 2. All statistical analyses
were performed using the computer software package SPSS
(ver. 20; SPSS, Chicago, IL) and the SAS system, ver. 9.4
(SAS Institute, Cary, NC). P-values <0.05 were considered
significant.

Results

We enrolled 4025 patients from the J-HOP study. The
average age was 64.7 ± 10.9 years, and the percentage of
men was 47%. The average BDI score was 9.2, and the
median BDI score was 7 (25th–75th percentiles: 4–13). The
BDI scores and prevalence of depression were significantly
higher in the women than in the men (BDI scores: 10.3 ±
7.5 vs. 7.6 ± 6.4, respectively; P < 0.001; Fig. 1).

The characteristics of the four subgroups of patients
divided by depression (defined as a BDI score ≥16) and
nondepression in the men and women are shown in Table 1.
In both sexes, the depression group had significantly lower
values of the body mass index and a higher office pulse rate
and BNP than in the group without depression. Among the
men, the depression group had a significantly higher per-
centage of patients with a smoking habit (27.8% vs. 20.9%,
respectively; P= 0.021) and a significantly higher albumin-
to-creatinine ratio (median 15.7 vs. 10.5 mg/gCr, respec-
tively; P= 0.006) than in the group without depression.
Among the women, the depression group was significantly

Male
Median of BDI: 6
(25-75% tile: 3-11)

BDI≥10: 29.7%
BDI≥14: 16.1%
BDI≥16: 11.5%

Female
Median of BDI: 9
(25-75% tile: 5-14)

BDI≥10: 47.3%
BDI≥14: 27.3%
BDI≥16: 21.4%

a bFig. 1 Distribution of Beck
Depression Inventory (BDI)
scores. a Men. b Women. Gray
bars indicate patients with BDI
scores ≥16. (color figure online)
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older (67.1 ± 10.5 vs. 65.1 ± 10.3, respectively; P < 0.001)
than the group without depression.

The mean duration of follow-up was 47 ± 24 months.
During the follow-up period, 239 primary end points were
recorded. We evaluated the interaction between sex and
depression status (Table 2) and confirmed a sex interaction
between depression and the primary end point.

The differences in the rates of the primary end point
between the groups by the different BDI thresholds are
shown in Fig. 2. When a BDI score ≥16 was used as the
cutoff, the number of primary end points in the depression
group (n= 217) was significantly higher than that in the
nondepression group (n= 1677) among the men (adjusted
hazard ratio (HR) 1.75, 95% CI: 1.17, 2.64; P= 0.007;
Fig. 2). However, the primary end points in the depression
and nondepression groups were similar when BDI score ≥14
and ≥10 were used as the cutoffs in the men (BDI 14:
adjusted HR 1.34, 95% CI: 0.91, 1.95; P= 0.137; BDI 10:
adjusted HR 1.38, 95% CI: 1.00, 1.92; P= 0.051).

In contrast, among the women, the primary end points
in the depression and nondepression groups were similar
when BDI scores ≥16, ≥14, and ≥10 were used as the
cutoffs (BDI score ≥16: adjusted HR 0.98, 95% CI: 0.59,
1.65; P= 0.951; BDI score ≥14: adjusted HR 0.89, 95%
CI: 0.55, 1.44; P= 0.629; BDI score ≥10: adjusted

HR 1.49, 95% CI: 0.97, 2.29; P= 0.070; Fig. 2). We
also conducted Cox proportional hazard modeling to
adjust the clinic BP, albumin-to-creatinine ratio, and BNP.
Among the men, depression defined as a BDI score ≥16
was an independent predictor of the primary end point
after adjusting the clinic systolic BP, albumin-to-creatinine
ratio, and BNP (HR 1.56, 95% CI: 1.03, 2.36; P= 0.036,
Table 3).

Table 1 Patient characteristics

Male Female

Nondepression
(N= 1677)

Depression
(N= 217)

P Nondepression
(N= 1676)

Depression
(N= 455)

P ANOVA P

Age (years) 63.8 ± 11.2 63.6 ± 12.7 0.83 65.1 ± 10.3 67.1 ± 10.5 <0.001 <0.001

Body mass index (kg/m2) 24.4 ± 3.1 23.8 ± 3.4 0.019 24.4 ± 3.7 23.9 ± 3.8 0.024 0.012

Smoking (%) 20.9 27.8 0.021 3.3 4.6 0.17 <0.001

Drinking (%) 51.0 44.4 0.070 7.5 7.8 0.86 <0.001

Hypertension (%) 88.9 84.7 0.069 86.5 88.1 0.37 0.15

Dyslipidemia (%) 20.9 18.5 0.42 29.1 27.4 0.48 <0.001

Diabetes (%) 21.4 24.1 0.36 18.2 17.4 0.72 0.019

Ischemic heart disease (%) 13.2 14.4 0.63 5.5 7.3 0.15 <0.001

Stroke (%) 4.9 6.9 0.20 2.8 3.3 0.53 <0.001

Heart failure (%) 1.5 2.8 0.16 1.8 1.6 0.72 0.56

Clinic SBP (mmHg) 141.3 ± 15.5 143.3 ± 17.2 0.090 141.6 ± 16.8 141.2 ± 16.8 0.70 0.34

Clinic DBP (mmHg) 82.7 ± 10.3 83.1 ± 10.8 0.63 80.9 ± 10.3 80.6 ± 10.7 0.65 <0.001

Clinic pulse rate (bpm) 70.3 ± 10.6 71.9 ± 11.8 0.044 72.1 ± 10.3 73.3 ± 11.1 0.037 <0.001

Total cholesterol (mg/dL) 195.5 ± 31.9 198.9 ± 37.7 0.14 209.3 ± 31.9 206.8 ± 32.0 0.14 <0.001

Triglyceride (mg/dL) 136.7 ± 98.7 144.8 ± 91.6 0.25 115.2 ± 68.8 114.4 ± 79.7 0.85 <0.001

Glucose (mg/dL) 110.0 ± 27.9 109.1 ± 31.8 0.64 104.8 ± 26.2 104.8 ± 26.1 0.97 <0.001

HbA1c (%) 5.84 ± 0.79 5.88 ± 0.91) 0.50 5.87 ± 0.77 5.87 ± 0.75 0.98 0.46

UACR 10.5 (5.9–27.2) 15.7 (6.6–41.7) 0.006 14.5 (8.5–30.4) 14.4 (8.5–31.4) 0.94 <0.001

BNP 15.4 (7.1–33.6) 18.0 (7.7–40.6) 0.032 20.4 (10.6–39.0) 22.6 (12.2–43.4) 0.024 <0.001

Data are expressed as the mean ± SD, %, or the median (25–75%tile)

SBP systolic blood pressure, DBP diastolic blood pressure, UACR urine albumin-to-creatinine ratio, BNP brain natriuretic peptide

Table 2 Predictors of composite end points by Cox hazard model

Hazard ratio (95%
confidence interval)

P

Age (per 10 years) 1.98 (1.68, 2.23) <0.001

Men 1.82 (1.33, 2.47) <0.001

BDI ≥ 16 0.95 (0.57, 1.58) 0.84

BDI ≥ 16 × men (interaction) 1.93 (1.00, 3.70) 0.048

Body mass index 1.03 (0.99, 1.07) 0.20

Smoking 0.82 (0.53, 1.29) 0.40

Hypertension 1.79 (1.11, 2.88) 0.016

Dyslipidemia 0.95 (0.73, 1.24) 0.71

Diabetes 2.00 (1.52, 2.64) <0.001

Prior ischemic heart disease/stroke 2.11 (1.59, 2.81) <0.001

BDI Beck Depression Inventory
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To evaluate the effect size of depression (defined as a BDI
score ≥16) on outcomes, we used the likelihood ratio values
to evaluate the goodness-of-fit of the predictive models
(Table 4). In the cardiovascular event prediction models, the
model fit assessed by a likelihood test was significantly
improved when we added depression to the models for
the men (likelihood test in model 1: 1016.9 vs. 1013.7, P=
0.011; model 2: 1003.0 vs. 1001.0, P= 0.044), but not for
the women (likelihood test in model 1: 566.3 vs. 566.3,

P= 0.95; model 2: 557.8 vs. 557.8, P= 0.99). The details of
the primary end points are summarized in the Supplemental
table. Among the men, the fatal and nonfatal cardiovascular
events were higher in the depression group (defined as BDI ≥
16) than in the nondepression group (BDI < 16; fatal cardio-
vascular event: 1.8% vs. 0.6%; P= 0.044, nonfatal cardio-
vascular event: 8.8% vs. 4.2%; P= 0.003). Two suicide
events occurred in the depressive women group.

We evaluated the association between sleep disorder and
depression (defined as a BDI score ≥16). Among the men,
the 3% ODI was similar in the patients with depression
(n= 63) and nondepression (n= 434) (7.4 ± 7.3 vs. 10.3 ±
30.5, P= 0.46). Among the women, the 3% ODI was also
similar in the patients with depression (n= 96) and non-
depression (n= 380) (7.5 ± 27.3 vs. 6.8 ± 8.2, P= 0.66).

Discussion

The major finding of this study is that when a BDI score ≥16
was used as the cutoff, the rate of primary end points in the
depression group was higher than that in the nondepression
group among the men in this Japanese population.

Previous studies have reported the association between
depression and cardiovascular events in patients with pre-
vious cardiovascular events or cardiovascular risk factors.
A high BDI score has been associated with poor prognosis
in patients after myocardial infarction [2–4], and depression
assessed by the Hospital Anxiety and Depression Scale was
associated with the worsening of heart failure in patients

Men

10.5 2 4

Unadjusted
Adjusted

BDI≥16

Unadjusted
Adjusted

BDI≥14

Unadjusted
Adjusted

BDI≥10

Women

Unadjusted
Adjusted

BDI≥16

Unadjusted
Adjusted

BDI≥14

Unadjusted
Adjusted

BDI≥10

Hazard ratio (95% CI)

Fig. 2 Hazard ratios of depression in the primary end points by the
different Beck Depression Inventory (BDI) thresholds in men and
women. The hazard ratios were adjusted for age, sex, body mass index,
drinking habit, current smoking habit, history of hypertension, dysli-
pidemia, diabetes, ischemic heart disease and stroke. Plots represent
hazard ratios and 95% CIs (confidence intervals)

Table 3 Predictors of composite end points by Cox hazard model

Men Women

Model 1 Model 2 Model 1 Model 2

Hazard ratio
(95% CI)

P Hazard ratio
(95% CI)

P Hazard ratio
(95% CI)

P Hazard ratio
(95% CI)

P

Age (per 10 years) 1.95 (1.63, 2.34) <0.001 1.58 (1.29, 1.92) <0.001 1.95 (1.52, 2.49) <0.001 1.67(1.28, 2.17) <0.001

BDI ≥ 16 1.75 (1.17, 2.64) 0.007 1.56 (1.03, 2.36) 0.036 0.98 (0.59, 1.65) 0.95 1.00 (0.60, 1.67) 0.99

Body mass index 0.99 (0.93, 1.05) 0.66 0.99 (0.93, 1.05) 0.66 1.06 (1.01, 1.12) 0.032 1.05 (1.00, 1.11) 0.047

Smoking 0.75 (0.46, 1.22) 0.24 0.67 (0.41, 1.09) 0.11 1.62 (0.50, 5.19) 0.42 1.64 (0.51, 5.26) 0.41

Hypertension 1.77 (0.99, 3.16) 0.054 1.66 (0.92, 3.00) 0.090 1.78 (0.76, 4.13) 0.18 1.61 (0.69, 3.76) 0.28

Dyslipidemia 1.04 (0.73, 1.46) 0.85 1.02 (0.72, 1.44) 0.92 0.87 (0.56, 1.33) 0.51 0.90 (0.59, 1.39) 0.64

Diabetes 1.62 (1.14, 2.31) 0.007 1.53 (1.07, 2.19) 0.021 2.89 (1.85, 4.53) <0.001 2.47 (1.55, 3.93) <0.001

Prior ischemic heart
disease/stroke

1.95 (1.38, 2.74) <0.001 1.72 (1.21, 2.44) 0.003 2.50 (1.51, 4.14) <0.001 2.13 (1.27, 3.57) 0.004

Clinic systolic BP
(per 10 mmHg)

— — 1.07 (0.97, 1.18) 0.16 — — 0.97 (0.85, 1.10) 0.62

Log UACR — — 1.32 (1.02, 1.70) 0.032 — — 1.64 (1.16, 2.32) 0.005

Log BNP — — 1.94 (1.34, 2.80) <0.001 — — 2.12 (1.20, 3.76) 0.01

BDI Beck Depression Inventory, BNP brain natriuretic peptide, BP blood pressure, CI confidence interval, UACR urinary albumin-to-creatinine
ratio
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with previous heart failure [28]. In hypertensive patients,
two studies showed that depression assessed by the Center
for Epidemiologic Studies Depression Scale was associated
with high mortality [5, 29]. In patients with diabetes,
depression was associated with a 1.52-fold increase in the
likelihood of total death in a 10-year prospective cohort
study [30]. Depression assessed by the Patient Health
Questionnaire-9 was also associated with a 2.24-fold
increase in mortality in The Action to Control Cardiovas-
cular Risk in Diabetes (ACCORD) study, in which diabetic
patients were enrolled [31]. However, the association
between depression and prognosis was not evaluated by sex
in these previous reports.

In the present study, depression defined by a BDI score
≥16 was associated with a 1.7-fold increase in cardiovas-
cular events among the men. Two studies have shown a
sex-specific difference in the association between depres-
sion and cardiovascular prognosis. Larsen and colleagues
investigated the association between depression and cardi-
ovascular prognosis in 892 patients after myocardial
infarction [32], and they observed that the incidence of
cardiovascular events in depression was 1.89-fold in the
men and 1.59-fold in the women; however, the sex differ-
ence was not significant. In the MINDMAPS study [14],
a meta-analysis of depression patients after myocardial
infarction, the frequency was higher in women; however,
the prognosis was poor in men. Depression is more com-
mon among women with acute or chronic heart failure
[33, 34]; however, depression was not associated with
mortality in patients of either sex [33].

To the best of our knowledge, there are no data on sex
differences in the association between depression and car-
diovascular events in patients with hypertension or diabetes;

however, three studies indicated an association between
depression and cardiovascular events by dividing the sexes
in a general population. Wyman et al. [35] investigated
2762 general subjects, and their analysis showed that
depression defined by a Center for Epidemiological Studies-
Depression score >16 was associated with an increase in
cardiovascular disease (by 2.99-fold) in elderly (≥65 years)
men during a 15-year follow-up. In a survey in Taiwan [36],
1764 elderly (≥65 years) subjects were assessed, and
depression was associated with a higher risk of cardiovas-
cular mortality (2.71-fold) in men only. Our findings are
similar to these results.

However, Gasse et al. [37] showed that among 15- to
59-year-old subjects in a population-based cohort, the
increase in cardiovascular events in women with depression
was 1.64-fold compared to 1.39-fold in men with depres-
sion. The association between depression and cardiovas-
cular events may be different in individuals of different ages
and ethnicities.

In the present study, the BDI scores and the prevalence
of depression were significantly higher in the women than
in the men. Kojima et al. [22] validated the Japanese version
of the BDI score, and the mean women’s score was sig-
nificantly higher than that of the men in their study (women:
9.9 ± 6.4, men: 8.3 ± 6.5, P < 0.001). Our corresponding
findings are concordant with the report by Kojima et al. We
suspect that the mechanisms that underlie the association
between women and depression may involve the following:
(1) patient characteristics, including psychosocial mediators
and physical activity, might be different by gender [38, 39],
and (2) gender differences in serotonin metabolism (which
affects depression) might be associated with the gender
difference in depression [40].

Table 4 Association between
depression and primary end
points: model fit and
discrimination for primary end
points

Likelihood test C-index Change in C-index

Men

Model 1 1016.9 0.726 (0.681–0.759)

Model 1+ BDI ≥ 16 1013.7* 0.731 (0.689–0.775) 0.005 (−0.004 to 0.016)

Model 2 1003.0 0.738 (0.687–0.779)

Model 2+ BDI ≥ 16 1001.0† 0.742 (0.696–0.779) 0.003 (−0.003 to 0.012)

Women

Model 1 566.3 0.747 (0.682–0.815)

Model 1+ BDI ≥ 16 566.3 0.747 (0.682–0.815) −0.001 (−0.001 to 0.001)

Model 2 557.8 0.761 (0.685–0.819)

Model 2+ BDI ≥ 16 557.8 0.761 (0.685–0.820) 0.001 (−0.001 to 0.001)

The covariates were traditional risk factors: age, sex, body mass index, current smoking habit, history of
hypertension, dyslipidemia, diabetes, prior ischemic heart disease, and prior stroke were included; the factors
in model 1, clinic systolic BP, log urine albumin-to-creatinine ratio, and BNP were used in model 2

BDI Beck Depression Inventory

*P < 0.05 vs. model 1
†P < 0.05 vs. model 2
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There are various reports regarding BDI cutoffs [20, 21,
25, 26]. In our study, the median BDI score in women was
>10; thus, the cutoff level of a BDI score ≥10 (which is
widely used) may be inadequate as a predictor of cardio-
vascular events in the Japanese population. When the cutoff
BDI score is 16, the negative predictive value is not low,
and the positive predictive value is increased compared with
the cutoff BDI score of 10. Further studies are needed to
identify the optimal cutoff value of depression scores as a
cardiovascular event predictor in patients with cardiovas-
cular risk factors.

In this study, depressive men had higher BP values, pulse
rates, percentages of current smoking, and albumin-to-
creatinine ratios. The effect of emotional stress on the
increase of BP and pulse rate is greater in men than in
women [41]. An increase in the double product (i.e., the
product of the BP and pulse rate) may affect cardiovascular
events. It has been shown that there is a higher rate of
smoking among individuals with depression [42]. Depres-
sive patients with cardiovascular risk factors should be
advised to stop smoking.

The association between depression and an increase in
the albumin-to-creatinine ratio is associated with asympto-
matic target organ damage, which may result in cardio-
vascular events. Moreover, depression has been associated
with both macro- and microvascular events [43]; thus,
clinicians should take heed of an increase in the albumin-to-
creatinine ratio in depressive patients with cardiovascular
risk factors.

This study has limitations. First, the enrolled subjects in
this study were Japanese patients with cardiovascular risk
factors. Second, we did not assess education, social status,
financial status, and marital status.

In conclusion, depression defined by a BDI score ≥16
was associated with cardiovascular events in men with
cardiovascular risk factors in this practical population study.
Our results emphasize the importance of the assessment of
depression to identify individuals who may be at risk for the
development of cardiovascular events. The optimal cutoff
BDI score should be investigated in further clinical trials.
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