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Abstract:

Objective The burden of death from pneumonia is expected to increase with the aging of the population, as
has been observed in Japan. Depressive tendency, a common psychosocial sign, may be a risk factor for
pneumonia due to its possible association with some immune dysfunction. This study aimed to clarify the as-
sociation between depressive tendency and the risk of death from pneumonia.

Methods A population-based cohort that consisted of 75,174 Japanese men and women was followed for a
median of 19.1 years. Four psychological and behavioral symptoms (depressive symptoms) were used to
evaluate depressive tendency.

Results A total of 1,329 deaths from pneumonia were observed. Depressive symptoms were positively and
dose-dependently associated with the risk of death from pneumonia (p<0.001 for trend), and subjects with >2
depressive symptoms showed a significantly elevated risk compared to those without any symptoms [multi-
variable hazard ratio (HR), 1.66; 95% confidence interval (CI), 1.39-1.99]. This association was not signifi-
cantly affected by sex or age at baseline. The elevated risk was still significant even when subjects were lim-
ited to those without any medical histories. The excess risk was observed not only for death occurring within
the first 10 years of follow-up (multivariable HR, 2.05; 95% CI, 1.51-2.78) but also for that occurring in the
longer follow-up period (multivariable HR, 1.48; 95% CI, 1.18-1.85).

Conclusion Depressive tendency may be a risk factor for death from pneumonia. Further studies using a
more reliable tool for the evaluation of depressive state are necessary to confirm this relationship.
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decline gradually. This decrease strangely coincided with the

Introduction

Pneumonia is the fifth leading cause of death in Japan:
94,661 Japanese died from pneumonia in 2018 (1). In addi-
tion, 38,460 Japanese died from aspiration pneumonia, and
3,325 died from influenza. The mortality rate due to pneu-
monia increased until 2011 along with the aging of Japanese
society (1). After that, however, the mortality rate began to

decrease in suicide mortality. There is no evidence linking
these trends, but the depressive state of the Japanese popula-
tion might have affected both mortality rates. Depression, a
well-known suicide risk factor (2), is reported to increase
susceptibility to infection (3-7).

Physical or behavioral factors, such as underweight (8, 9),
swallowing problems (9), poor dental hygiene (9),
smoking (8, 9), have been considered risk factors for pneu-
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monia. Our previous study found that physical inactivity and
blood transfusion were also considered risk factors (8). De-
mentia has also been associated with an increased risk of
pneumonia (10). However, few studies have investigated the
risk of pneumonia in relation to psychosocial factors.

Depression is one of the most common psychological dis-
orders. To our knowledge, two cohort studies have evaluated
the relationship between the risk of pneumonia and depres-
sion. Davydow et al. studied 6,704 Americans >50 years old
for 6.8 years on average (11). They identified 875 (13.1%)
hospitalized subjects with pneumonia during the follow-up
and found that depression at baseline was significantly asso-
ciated with an elevated odds of hospitalization. Takeida et
al. investigated 2,166 Japanese inhabitants 65-74 years old
for up to 4.2 years, and 6 deaths from pneumonia was ob-
served (12). A higher score on the Self-rating Depression
Scale (13) at baseline was significantly associated with a
higher mortality rate due to pneumonia. No large-scale co-
hort study, however, has investigated the independent rela-
tionship between mortality risk of pneumonia and a depres-
sive state considering possible confounding factors. We also
do not have enough knowledge concerning the long-term
risk of pneumonia associated with depressive tendency.

In the present study, we aimed to clarify the independent
relationship between certain psychosocial or behavioral
symptoms, which might reflect the depressive tendency, and
the risk of mortality due to pneumonia.

Materials and Methods

Subjects

This study was conducted under the Japan Collaborative
Cohort Study for Evaluation of Cancer Risk sponsored by
Monbusho (JACC Study) (14, 15). The JACC study is a
population-based multicenter cohort study started between
1988 and 1990. We followed 110,585 eligible participants
(46,395 men and 64,190 women) 40-79 years old living in
45 communities across Japan. Baseline data were obtained
using a self-administered questionnaire regarding their life-
styles and medical histories. Individual informed consent
was obtained in writing in 35 of the 45 study areas and ver-
bally from 1 area. In another nine study areas, group con-
sent was given by the head of each local government, which
was common in Japan until the Japanese ethical guideline
for epidemiological studies was first established in 2002.
The study design was approved by the Ethics Board of Hok-
kaido University School of Medicine and Nagoya University
School of Medicine.

Among all eligible participants of the JACC cohort,
25,296 subjects from 13 areas were excluded from the study
population because the baseline survey in these areas did not
evaluate their 4 psychological or behavioral symptoms used
to assess depressive tendency. We further excluded 3,920
subjects due to a lack of a valid response to the question
concerning these 4 symptoms. In addition, 6,195 subjects

with medical histories of tuberculosis, other chronic respira-
tory disease or cerebrovascular disease were excluded. Con-
sequently, 75,174 subjects (30,185 men and 44,989 women)
were selected for this study. Their mean age at baseline was
57.3%10.1 years old.

Baseline assessments

We assessed the depressive tendency following the proce-
dure established by Tamakoshi et al (16). Four psychological
or behavioral items in the baseline questionnaire were used
for convenience to assess depressive tendency, as follows: (i)
“Do you think your life is meaningful?” (ii) “Do you think
you make decisions quickly?” (iii) “Are you enjoying your
life?” and (iv) “Do you feel others rely very much on you?”
We provided positive, neutral and negative response catego-
ries for each question item and considered negative re-
sponses to likely reflect depressive symptoms of (i) sense of
meaninglessness, (ii) diminished ability to think or concen-
trate, or indecisiveness (indecisiveness), (iii) diminished in-
terest or pleasure (diminished pleasure) and (iv) feelings of
worthlessness. Although we did not evaluate the depressive
mode directly, we considered a negative response to item (i),
sense of meaninglessness, to somewhat represent emptiness
or hopelessness, which is a key symptom of depressive
mode. Since depressive mode, indecisiveness, diminished
pleasure and feelings of worthlessness are included among
the nine major symptoms of a major depressive episode ac-
cording to the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5) (17), we counted negative
responses to the question items as the number of depressive
symptoms in order to assess the strength of the depressive
tendency. The internal consistency expressed as Cronbach’s
o for the study population was 0.46.

The body mass index (BMI; calculated using height and
weight); smoking habit (current, former, or never); drinking
habit (current, former, or never); medical histories (present
or absent) of hypertension, myocardial infarction, diabetes
mellitus, cancer and blood transfusion; time spent exercis-
ing; and time spent walking were evaluated based on the an-
swer to the baseline questionnaire for possible confounding
factors. These factors were significantly associated with the
risk of death due to pneumonia for either men or women in
our previous study (8). The questions for time spent exercis-
ing and walking were “How much time do you spend doing
sports or exercising every week in average?’ and ‘“How
much time do you spend walking, indoor or outdoor, every
day on average?”, respectively. Available choices were “ 25
h,” “3-4 h,” “1-2 h” and “<1 h” for time spent exercising
and “ 21 h,” “30 min-1 h,” “30 min” and “<30 min” for
time spent walking. The presence of any currently under-
treated diseases (present or absent) and the presence of per-
ceived mental stress were also assessed as possible con-
founding factors in this study. The question for perceived
mental stress was “What is the level of stress in your daily
life?”, and the response categories were “extremely high,”
“high,” “medium” or “low.”
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Follow-up

Death and moving out of the study areas were assessed
through resident registration records provided by the local
governments of the study areas. Individuals who moved out
of a study area were censored for their follow-up. The date
and cause of death were confirmed based on the official re-
cords of death certificates for vital statistics, with the per-
mission of the Director-General of the Prime Minister’s Of-
fice (Ministry of Public Management, Home Affairs, Post
and Telecommunications) and/or the Ministry of Health, La-
bour and Welfare in Japan. Based on the direct and indirect
causes of death determined by the attending physician for
each death, government officials selected and coded a single
cause as the underlying cause of death according to the In-
ternational Classification of Diseases (ICD): the 9th Revi-
sion of ICD was in use until 1994, after which the 10th Re-
vision was used. The JACC study group converted ICD-9
codes to ICD-10 codes. In this study, death from pneumonia
was confirmed when “influenza and pneumonia” (J10-18) or
“pneumonitis due to inhalation of food and vomit” (J69.0),
generally called aspiration pneumonia, was coded as the un-
derlying cause of death.

The follow-up was conducted until the end of 2009 in 35
communities, 2008 in 2 communities, 2003 in 4 communi-
ties, and 1999 in 4 communities. The median follow-up pe-
riod for mortality was 19.1 years, and the total follow-up
period was 1,218,159 person-years.

Statistical analyses

The overall statistical differences of baseline characteris-
tics based on the number of depressive symptoms were
tested using sex- and age-adjusted multinomial logistic re-
gression analyses. The mean age at death was compared be-
tween death from pneumonia and other causes; the differ-
ence was tested using Student’s t-test. Hazard ratios (HRs)
and 95% confidence intervals (Cls) based on the number of
depressive symptoms for death from pneumonia were calcu-
lated in sex- and age-adjusted and multivariable Cox propor-
tional hazards models. Multivariable models were adjusted
for sex; age; body mass index; medical histories of diabetes,
hypertension, myocardial infarction, cancer and blood trans-
fusion; presence of any currently undertreated diseases;
smoking habit; drinking habits; time spent exercising; time
spent walking and perceived mental stress. In these models,
age was adjusted for 5-year interval categories, and the BMI
was adjusted for the following 4 categories: <18.5 kg/m’,
18.5-<23.0 kg/m’, 23.0-<25.0 kg/m’ and >25.0 kg/m’. For
every variable, missing values were also treated as a single
category to avoid losing a large number of data in multivari-
able models.

The sex- and age-adjusted and multivariable HRs and CIs
based on each depressive symptom were also calculated.
Multivariable model 1 was adjusted for the same variables
described earlier. Multivariable model 2 was further adjusted
for all depressive symptoms. All statistical analyses were

performed using the IBM SPSS ver. 21.0 software package
(IBM, Armonk, USA).

Results

Of the 75,174 study subjects, 18,302 (24.3%) had at least
1 depressive symptom, and 5,328 (7.1%) had >2 depressive
symptoms (Table 1). The mean values or frequencies of all
variables except for smoking habit were significantly differ-
ent between groups classified by the number of depressive
symptoms. In the group with >2 depressive symptoms, mean
age was the oldest and the highest frequencies were ob-
served for medical histories of diabetes mellitus, hyperten-
sion, myocardial infarction and blood transfusion; any cur-
rently treated diseases and high perceived mental stress,
whereas in the “none” group, a mean value of body mass
index was the highest and the highest frequencies were ob-
served for men, a medical history of cancer, and current
drinkers. More depressive symptoms were associated with
less time spent exercising and walking.

A total of 16,761 deaths occurred during the follow-up
period. Of those deceased subjects, 1,329 died from pneu-
monia, including 6 deaths from influenza, 35 from bacterial
pneumonia, 1,151 from pneumonia due to an unspecified or-
ganism and 137 from aspiration pneumonia. The mortality
rate from pneumonia was 1.09/1000 person-years. Almost
all pneumonia cases (97.4%) died after reaching 65 years
old, and more than half (67.0%) died at >80 years old (Ta-
ble 2). The mean age at death was significantly older in the
pneumonia cases (82.1+7.7 years old) than in those with
other causes of death (76.2+9.9 years old).

The mortality rate from pneumonia (Table 3) and the risk
of death from pneumonia (Table 4) dose-dependently in-
creased with an increasing number of depressive symptoms
in both men and women (p<0.001 for trend). Subjects with
>2 depressive symptoms showed a significantly increased
risk of death from pneumonia compared to those without
any symptoms (multivariable HR, 1.66; 95% CI, 1.39-1.99).
This positive association was still observed even after ex-
cluding aspiration pneumonia from the causes of death due
to pneumonia. The positive association between depressive
symptoms and the risk of pneumonia death was insignifi-
cantly affected by sex (multivariable p for interaction=0.270)
or age at baseline (40-64 vs. 65-79 years) (multivariable p
for interaction=0.734). The elevated risk associated with >2
depressive symptoms was still significant even when sub-
jects were limited to those without any medical histories
(multivariable HR, 1.59; 95% CI, 1.20-2.10). Having 22
symptoms were positively associated not only with death oc-
curring within the first 10 years of follow-up (multivariable
HR, 2.05; 95% CI, 1.51-2.78) but also with that occurring
in the longer follow-up period (multivariable HR, 1.48; 95%
CI, 1.18-1.85). The risk was higher among subjects with a
younger age at death than in older subjects; only those who
died at 290 years old did not show a significantly elevated
risk (multivariable HR, 1.07; 95% CI 0.64-1.79).
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Table 1.

Characteristics of Study Subjects according to Score of Depressive Symptoms.

number of depressive symptoms

none 1 >2 "
(n=56,872) (n=12,974) (n=5,328) P

Sex, number of men 23,679 (41.6%) 4,773 (36.8%) 1,733 (32.5%) <0.001
Age (years) 57.0+10.0 57.8+10.3 58.1+10.7 <0.001
Body mass index (kg/m?) 22.9+3.4 22.8+3.3 22.7+5.8 <0.001
Medical history

Diabetes mellitus 2,587 (4.5%) 584 (4.5%) 303 (5.7%) <0.001

Hypertension 11,110 (19.5%) 2,836 (21.9%) 1,186 (22.3%) <0.001

Myocardial infarction 1,427 (2.5%) 346 (2.7%) 177 (3.3%) 0.048

Cancer 7,078 (12.4%) 1,340 (10.3%) 632 (11.9%) <0.001

Blood transfusion 4,872 (8.6%) 1,240 (9.6%) 556 (10.4%)  <0.001
Any currently treated diseases 13,357 23.5%) 3,018 (23.3%) 1,508 (28.3%) <0.001
Drinking habit <0.001

Current 25,014 (44.0%) 4,885 (37.7%) 1,797 (33.7%)

Former 1,754 (3.1%) 527 (4.1%) 236 (4.4%)

Never 26,736 (47.0%) 6,690 (51.6%) 2,921 (54.8%)

Missing 3,368 (5.9%) 872 (6.7%) 374 (7.0%)
Smoking habit 0.305

Current 13,880 (24.4%) 2,771 (21.4%) 1,044 (19.6%)

Former 6,071 (10.7%) 1,292 (10.0%) 451 (8.5%)

Never 31,986 (56.2%) 7,685 (59.2%) 3,278 (61.5%)

Missing 4,935 (8.7%) 1,226 (9.4%) 555 (10.4%)
Time spent exercising (per week) <0.001

5 h or more 3,283 (5.8%) 497 (3.8%) 170 (3.2%)

3-4h 3,588 (6.3%) 591 (4.6%) 169 (3.2%)

1-2h 8,834 (15.5%) 1,375 (10.6%) 398 (7.5%)

<lh 37,699 (66.3%) 9,726 (75.0%) 4,289 (80.5%)

Missing 3,468 (6.1%) 785 (6.1%) 302 (5.7%)
Time spent walking (per day) <0.001

1 h or more 26,990 (47.5%) 5,327 (41.1%) 2,147 (40.3%)

30 min-1 h 10,813 (19.0%) 2,135 (16.5%) 882 (16.6%)

around 30 min 9,297 (16.3%) 1,883 (14.5%) 916 (17.2%)

<30 min 5,159 (9.1%) 1,427 (11.0%) 820 (15.4%)

Missing 4,613 (8.1%) 2,202 (17.0%) 563 (10.6%)
Perceived mental stress <0.001

Medium or low
High
Missing

44,378 (78.0%)
10,286 (18.1%)
2,208 (3.9%)

9,259 (71.4%)
3,052 (23.5%)
663 (5.1%)

3,156 (59.2%)
1,867 (35.0%)
305 (5.7%)

*adjusted for sex and age.

When individual depressive symptoms were analyzed,
every symptom was significantly associated with the risk of
death from pneumonia in sex- and age-adjusted models (Ta-
ble 5). When all possible confounding factors and other de-
pressive symptoms were adjusted simultaneously in multi-
variable model 2, “diminished pleasure” and “feelings of
worthlessness” were not associated with risk of death from
pneumonia. “Sense of meaninglessness” showed the strong-
est risk in every model, followed by “indecisiveness” (HR,
1.46; 95% CI, 1.22-1.75; and HR, 1.28; 95% CI, 1.09-1.49,
respectively, in multivariable model 2).

Discussion

In this large-scale cohort study, the number of depressive

symptoms and elevated risk of death from pneumonia were
positively and dose-dependently associated. Having >2 de-
pressive symptoms was significantly associated with an ele-
vated risk, irrespective of sex and age at baseline. The posi-
tive association between depressive symptoms and the risk
of death from pneumonia remained statistically significant
even after excluding subjects with some medical histories or
with a relatively short observation period (<10 years).

The elevated risk associated with depressive symptoms
seemed to be higher for deaths in younger subjects than in
older ones. This may be because the contribution of other
risk factors for pneumonia, such as underweight (8, 9),
swallowing problems (9), and dementia (10), can increase
with aging, which would reduce the relationship between
depressive tendency and the risk of death from pneumonia
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in older individuals.

Regarding other infectious diseases, a depressive state or
mood disorder has been positively associated with the risk
of common colds in prospective (3) as well as retrospec-
tive (4, 5) observational studies, and the 3-year risk of death
from influenza was evaluated in a cohort study (6), while
the risk of periodontitis was examined in a case-control
study (7). Therefore, depressed subjects might have in-
creased susceptibility to infection. The clinical outcomes of
a disease also affect the mortality. From this perspective,
two studies investigating the clinical outcomes of patients
with pneumonia were found. Kao et al. reported that pa-
tients with pneumonia and depressive disorder had a signifi-
cantly higher probability of in-hospital death than those
without depressive disorder (18). Mather et al. reported that
a history of anxiety or depression was associated with a

Table 2. Distribution of Age at Death.

Age Pneumonia Other causes
(years) (n=1,329) (n=15,412)
40-44 1(0.1) 27 (0.2)
45-49 1(0.1) 89 (0.6)
50-54 3(0.2) 276 (1.8)
55-59 10 (0.8) 527 (3.4)
60-64 20 (1.5) 1,110 (7.2)
65-69 54 (4.1) 1,702 (11.0)
70-74 109 (8.2) 2,356 (15.3)
75-79 240 (18.1) 3,093 (20.1)
80-84 345 (26.0) 3,077 (20.0)
85-89 344 (25.9) 2,005 (13.0)
90-94 161 (12.1) 969 (6.3)
95-99 41 (3.1) 179 (1.2)
100-104 0 (0.0 2 (0.0)
average 82.1+7.7 76.2+9.9
p<0.001

Data are n (%) or mean+SD.
ICD10 codes for pneumonia, J10-18 or J69.0.

1.62-fold increased odds of 30-day all-cause readmission af-
ter discharge from the index pneumonia admission (19).

Immunological mechanisms have been proposed to ex-
plain the increased susceptibility to infectious diseases and
poor clinical outcomes in depressive patients. Elevated levels
of circulating pro-inflammatory cytokines, such as inter-
leukin 6 (IL-6) (20, 21) and tumor necrosis factor-o. (TNF-
a) (21), have been observed in patients with depression.
Yende et al. reported that higher levels of circulating IL-6
and TNF in well-functioning elderly individuals were associ-
ated with an increased risk of subsequent hospitalization due
to pneumonia (22). Depression was also associated with cel-
lular immune suppression (21, 23). Such an imbalance in
the immune function may be a possible mechanism linking
a depressive tendency and the risk of death from pneumo-
nia.

Nonadherent behaviors may cause a delay in starting
medication for pneumonia, which can lead to poor out-
comes. A meta-analysis of 12 studies revealed that depres-
sion was significantly associated with a risk of noncompli-
ance with medical treatment recommendations (24). A co-
hort study in the Netherlands also reported that depression is
a risk factor for medication nonadherence (25).

The strengths of this study include the large sample size
and long follow-up period. These characteristics allowed us
to include many confounding factors in the multivariable
analyses and to perform some stratified and sensitivity
analyses. Consequently, the following two important find-
ings were confirmed: 1) a positive and independent associa-
tion between depressive tendency and the risk of death from
pneumonia was evident even after excluding subjects with a
medical history, and 2) depressive tendency can affect not
only the short-term but also the long-term risk of death from
pneumonia. These findings strongly suggest that the effect
of depressive tendency on death due to pneumonia is not re-
lated to the presence of comorbidities that can cause depres-
sive tendency.

Table 3. Overall and Sex-specific Statistics of Mortality from Pneu-

monia According to Number of Depressive Symptoms.

number of depressive symptoms

none 1 22
Overall (n=56,872) (n=12,974) (n=5,328)
Person-years 928,063 208,282 81,814
No of death 910 272 147
Death rate (/1,000 person-years) 0.98 1.31 1.80
Men (n=23,679) (n=4,773)  (n=1,733)
Person-years 379,805 73,989 25,645
No of death 569 157 79
Death rate (/1,000 person-years) 1.50 2.12 3.08
Women (n=33,193) (n=8,201)  (n=3,595)
Person-years 548,258 134,294 56,168
No of death 341 115 68
Death rate (/1,000 person-years) 0.62 0.86 1.21

n: number of subjects at risk
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Table 4. Hazard Ratios and 95% CIs of Mortality from Pneumonia According to Number of Depressive Symptoms.

number of depressive symptoms

none 1 22 none 1 >2
- p for T p for
Sex- and age-adjusted trend  Multivariable trend
HR HR (95% CI) HR  (95%CI) HR HR (95% CI) HR  (95%CI)
Overall 1.00 1.27 (1.10-1.46) 1.93 (1.62-2.30) <0.001 1.00 1.21 (1.06-1.39) 1.66 (1.39-1.99) <0.001
Non-aspiration pneumonia*  1.00 1.26 (1.09-1.46) 2.00 (1.66-2.40) <0.001 1.00 1.21 (1.04-1.40) 1.73 (1.43-2.08) <0.001
Sex-specific (p for interaction=0.156) (p for interaction=0.270)
Men 1.00  1.31 (1.09-1.56) 2.25 (1.78-2.86) <0.001 1.00 1.24 (1.04-1.49) 1.90 (1.49-2.43) <0.001
Women 1.00  1.23 (0.99-1.52) 1.60 (1.23-2.09) <0.001 1.00 1.16 (0.93-1.44) 1.39 (1.06-1.82) 0.002
Stratified by age at baseline (p for interaction=0.718) (p for interaction=0.734)
40-64 years 1.00 136 (1.04-1.78) 1.93 (1.35-2.74) <0.001 1.00 1.29 (0.99-1.69) 1.75 (1.22-2.51) <0.001
65-74 years 1.00 122 (1.04-144) 191 (1.56-2.35) <0.001 1.00 1.16 (0.99-1.36) 1.60 (1.30-1.98) <0.001
Sensitivity analyses
Subjects without any medical 1.00 1.10 (0.89-1.36) 1.75 (1.33-2.31) 0.001 1.00 1.07 (0.86-1.32) 1.59 (1.20-2.10) 0.012
histories’
Length of follow-up
Limitted to 10 years 1.00  1.58 (1.23-2.02) 2.64 (1.97-3.55) <0.001 1.00 1.44 (1.12-1.85) 2.05 (1.51-2.78) <0.001
>10 years 1.00 1.16 (0.98-1.37) 1.66 (1.33-2.07) <0.001 1.00 1.12 (0.95-1.33) 1.48 (1.18-1.85) 0.001
Age of death
<80 years old* 1.00  1.27 (0.99-1.62) 236 (1.77-3.14) <0.001 1.00 1.18 (0.92-1.51) 2.01 (1.50-2.70) <0.001
80-89 years old$ 1.00 134 (1.12-1.62) 1.87 (1.45-2.41) <0.001 1.00 1.29 (1.07-1.56) 1.60 (1.23-2.07) <0.001
>90 years old® 1.00 098 (0.67-1.43) 130 (0.80-2.12) 0.256 1.00 0.89 (0.61-1.31) 1.07 (0.64-1.79) 0.701

Multivariable model adjusted for sex, age, body mass index, histories of diabetes, hypertension, myocardial infarction, cancer and blood transfusion, presence of

any currently undertreated diseases, smoking and drinking habits, time spent exercising, time spent walking, and perceived mental stress.

*Pneumonitis due to inhalation of food and vomit (C69.0) was classified as non-pneumonia death.

Subjects were those who had neither medical histories listed in Table 1 nor any diseases treated at baseline.

#Follow-up was censored at the previous month to the birth month of 80 years old.

SSubjects were those who were alive at the birth month of 80 years old and follow-up for them was censored at the previous month to the birth month of 90 years

old.
SSubjects were those who were alive at the birth month of 90 years old.
HR: hazard ratio, CI: confidence interval

Table 5. Prevalence of Each Depressive Symptom at Baseline and Its Hazard Ratios and 95% ClIs of Mortal-

ity from Pneumonia.

Sex- and Multivariable
Prevalence* .
age-adjusted model 1 model 2

n (%) HR (95%CT) HR (95%CI) HR (95%CI)
Sense of meaninglessness 6,095 (8.1%) 1.78 (1.50-2.11) 1.57 (1.33-1.87) 1.46 (1.22-1.75)
Indecisiveness 7,858  (10.5%) 1.52  (1.31-1.76) 140  (1.21-1.63) 1.28 (1.09-1.49)
Diminished pleasure 2,929  (3.9%) 144  (1.07-1.94) 1.23 (0.90-1.67) 0.92  (0.67-1.27)
Feelings of worthlessness 8,494  (11.3%) 1.42  (1.22-1.65) 1.31 (1.12-1.53) 1.18 (1.00-1.38)

*Prevalence among 75,174 study subjects.

model 1, adjusted for same variables described in the footnotes to Table 4.

model 2, further adjusted for all components in the table each other.

However, there are strong limitations associated with this
study assessing depressive tendency. The baseline question-
naire itself was not designed to evaluate the depressive ten-
dency when our cohort study was organized. In addition, the
Cronbach’s o for our counting system of depressive symp-
toms was relatively low. Therefore, our results cannot con-
clude a positive association between ‘“depression” and the
risk of death from pneumonia. Nevertheless, we believe that
the number of depressive symptoms can, to some extent, re-

flect depressive tendency, as these symptoms can represent
certain key symptoms of major depressive disorder, as noted
in the Methods section. These limitations should be ad-
dressed in future studies.

Conclusion

Depressive tendency may be an independent risk factor
for death due to pneumonia. Further studies using a more

3128



Intern Med 59: 3123-3130, 2020 DOI: 10.2169/internalmedicine.5052-20

reliable tool to evaluate the depressive state will be neces-
sary to confirm this relationship.
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