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Abstract

Background: Income inequality has dramatically increased worldwide, and there is a need to re-evaluate the
association between socio-economic status (SES) and depression. Relative contributions of household income and
education to depression, as well as their interactions, have not been fully evaluated. This study aimed to examine
the association between SES and depressive symptoms in Japanese adults, focusing on interactions between
education and household income levels.

Methods: This cross-sectional study used data from baseline surveys of two cohort studies. Participants were 38,499
community-dwelling people aged 40-74 years who participated in baseline surveys of the Murakami cohort study
(2011-2012) and Uonuma cohort study (2012-2015) conducted in Niigata Prefecture, Japan. Information regarding
marital status, education level, household income, occupation, activities of daily living (ADL), and history of cancer,
myocardial infarction, stroke, and diabetes was obtained using a self-administered questionnaire. Depressive
symptoms were examined using the Center for Epidemiologic Studies Depression Scale (CES-D). Logistic regression
analysis was used to obtain odds ratios (ORs). Covariates included age, sex, marital status, education, household
income, occupation, ADL, and disease history.

Results: Individuals with higher education levels had lower ORs (adjusted P for trend = 0.0007) for depressive
symptoms, independently of household income level. The OR of the university-or-higher group was significantly
lower than that of the junior high school group (adjusted OR =0.79). Individuals with lower household income
levels had higher ORs (adjusted P for trend< 0.0001) for depressive symptoms, independently of education level.
The type of occupation was not associated with depressive symptoms. In subgroup analyses according to
household income level, individuals with higher education levels had significantly lower ORs in the lowest- and
lower-income groups (adjusted P for trend = 0.0275 and 0.0123, respectively), but not in higher- and highest-
income groups (0.5214 and 0.0915, respectively).
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symptoms from having a low education level.

Conclusions: Both education and household income levels are independently associated with the prevalence of
depressive symptoms, with household income levels showing a more robust association with depressive symptoms
than education levels. This suggests that a high household income level may offset the risk of depressive

Keywords: Depression, Education, Income, Japan, Socioeconomic status

Background

Depression is a societal burden worldwide. The World
Health Organization reported that more than 300 mil-
lion people, or 4.4% of the global population, were living
with depression in 2015, and that the prevalence of de-
pression has increased by 18% in the last decade [1]. In
Japan, a survey conducted by the Ministry of Health,
Labour and Welfare found that the number of individ-
uals suffering from mood disorders, including depression
and bipolar disorder, was 1.3 million in 2017, which rep-
resents an increase of 38% from 2005 [2].

Depression and depressive symptoms in middle-aged
and older adults play an important role in the course
and outcomes associated with chronic health conditions
[3]. Several studies have found the aging experience to
be a key contributor to depression in middle-aged and
older populations [4—6]. Social factors impact the aging
experience, and influence the vulnerability to disorders
such as psychiatric morbidity [7, 8]. Notably, socio-
economic status (SES) is a well-documented risk factor
for depression and depressive symptoms [9-15]. How-
ever, findings appear to vary across studies.

Income inequality has dramatically increased world-
wide in the last decades [16], and consequently, there is
a need to re-evaluate the association between SES and
depression/depressive symptoms. Income inequality is
related to the feeling of unfairness, stress, and anxiety
[17, 18], and could lead to psychological problems in-
cluding depression. Indeed, the significant increase in in-
come inequity in Japan over the last few decades might
have affected the association between income and de-
pression [19].

Three dimensions of SES, namely, income, education,
and occupation, are associated with depression/depres-
sive symptoms. However, the strength of the associations
differ by region or culture [9-11]. Some European stud-
ies have found education level to be a more important
factor related to depressive symptoms than household
income or occupation among older adults [12, 13]. An-
other study identified both education level and house-
hold income, but not occupation, as important
predictors of depressive symptoms in adults aged 35-74
years [14]. For Asian populations aged >65 years, a study
conducted in Korea demonstrated that low education
levels and manual occupation were associated with de-
pression [15], and a study conducted two decades ago in

Japan reported that income, but not education, was asso-
ciated with depressive symptoms [20]. Meanwhile, a
study in China reported that low education and income
levels were associated with depression/depressive symp-
toms in older adults (aged =60 years) [21, 22]. Recently,
type of occupation was identified as a potential factor as-
sociated with depressive symptoms [23, 24]. However,
the relative contributions of income, education, and oc-
cupation to depression/depressive symptoms are unclear,
and there exists a research gap that warrants further
investigation.

Against this backdrop, the present study aimed to
examine the association of education and household in-
come levels with depression in two large Japanese
population-based cohorts, the Murakami and Uonuma
cohorts, from Niigata, Japan. The results of this study
may help fill the research gap on the association between
SES and depression.

Methods

Study design and participants

The present study was cross-sectional in design. Partici-
pants were selected from among community-dwelling
people aged 40—74 years who participated in the baseline
surveys of the Murakami cohort study [25] and Uonuma
cohort study [26] conducted in Niigata Prefecture, Japan.
The Murakami cohort study originally targeted partici-
pants aged 40—74 years at baseline. Accordingly, we used
the same age range, although participants of the
Uonuma cohort study were those aged 40 years and
older. All of the 34,802 and 49,261 community residents
living in the Murakami and Uonuma areas, respectively,
were invited to participate in this study, and 14,364
(41.2%) and 33,264 (67.5%) participated in the respective
baseline surveys. Among the total of 47,628 participants,
38,499 (11,490 for Murakami and 27,009 for Uonuma)
who did not have missing data were analysed as partici-
pants of the present study. All participants provided
written informed consent. The protocol of this study
was approved by the Ethics Committee of Niigata Uni-
versity (No. 2018-0379).

Procedure

The baseline survey was conducted in 2011-2012 in the
Murakami area and 2012-2015 in the Uonuma area. De-
tails of these baseline surveys have been published
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elsewhere [25, 26]. Briefly, a self-administered question-
naire in paper format was distributed to participants and
collected through a community-based communication
network or postal mail. The questionnaire requested in-
formation regarding marital status, education level,
household income, occupation, activities of daily living
(ADL), and history of cancer, myocardial infarction,
stroke, and diabetes. Marital status was categorized as 1)
married, 2) never married, and 3) divorced, separated, or
bereaved. Education level was categorized as 1) junior
high school, 2) high school, 3) junior/vocational college,
and 4) university or higher. Household income (yen) per
year was categorized as 1) 0-2,999,000 (lowest group),
2) 3,000,000-5,999,000 (2nd group), 3) 6,000,000-
8,999,000 (3rd group), and 4) 29,000,000 (highest group)
(USD $1 roughly equivalent to 110 yen in 2020). ADL
was categorized as 1) no disability, 2) some disability but
able to live and go out independently, or live inside al-
most independently but able to go out with assistance,
and 3) able to live inside with assistance and stay in bed
almost all day, or lying in bed all day with assistance for
toilet use, feeding, and dressing. Depressive symptoms
were assessed using the Center for Epidemiologic Stud-
ies Depression Scale (CES-D) [27], a short self-report
scale designed to measure depressive symptomatology
during the previous week in the general population. This
study used the short form of CES-D (11-items in 3 cat-
egories [0, 1, 2]), with scores <6 corresponding to lower
levels of depression and scores >7 corresponding to
higher levels of depression [28, 29]. The validity of the
11-item CES-D was previously tested by comparing fac-
tor loadings between the standard 20-item CES-D and
the 11-item CES-D [29]. In the present study, the stan-
dardized Cronbach’s alpha value for the 11-item CES-D
was 0.82, which is acceptably high.

Statistical methods

Data are presented as mean + standard deviation (SD)
for continuous variables. Simple and multiple logistic re-
gression analyses were used to obtain unadjusted and
adjusted odds ratios (ORs), respectively, for having de-
pressive symptoms. In the multivariate analysis, covari-
ates included age (continuous variable), sex, marital
status (dummy variable), education level, household in-
come, occupation (dummy variable), and history of each
disease. Spearman’s correlation coefficient between edu-
cation and income was 0.241 (P <0.0001). Interactions
between education and income were evaluated by mul-
tiple logistic regression analysis, by adding the inter-
action term to the above-mentioned covariates. P-for-
trend values were calculated using logistic regression
analysis. SAS statistical software (release 9.4, SAS Insti-
tute Inc., Cary, NC, USA) was used for statistical ana-
lyses. P < 0.05 was considered statistically significant.
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Results

Depressive symptoms were observed in 31.8% of partici-
pants (mean age: 57.7 years, 49.3% women). The preva-
lence of depressive symptoms by age group was 38.7%
among participants in their 40’s, 35.9% among those in
their 50’s, 26.3% among those in their 60’s, and 24.0%
among those in their 70’s. Table 1 shows the distribution
of participant characteristics according to education and
income levels. Among participants with the highest edu-
cation level (university or higher), more participants
were male, were married, had a higher household in-
come, and were engaged in office work or professional
work, and fewer participants were physically dependent,
compared to participants in the other three categories.
Among participants with the highest household income
level (9,000,000 yen/year), more participants were mar-
ried, had higher education levels, were engaged in office
work or professional work, and had no disability, com-
pared to participants in the other three categories. The
characteristics of all participants are shown in Additional
Table 1.

Prevalence and ORs for having depressive symptoms
according to education level by sex are shown in Table 2.
Participants with higher education levels had lower final-
adjusted ORs (P for trend =0.0494 for men, P for
trend = 0.0148 for women, P for trend = 0.0007 for men
and women combined). Adjusted ORs of the university-
or-higher group were significantly lower than those of
the junior high school group (reference) in men (final-
adjusted OR = 0.80, 95%CI: 0.71-0.90), women (final-ad-
justed OR=0.79, 95%CI: 0.66-0.95), and men and
women combined (final-adjusted OR=0.79, 95%CI:
0.72-0.87).

Prevalence and ORs for depressive symptoms accord-
ing to income level by sex are shown in Table 3. Partici-
pants with lower income levels had higher adjusted ORs
(P for trend< 0.0001 for men, women, and men and
women combined), and all adjusted ORs were signifi-
cantly lower than that of the lowest income group (refer-
ence; final-adjusted OR=0.59, 95%CIL: 0.51-0.68 for
men, final-adjusted OR=0.68, 95%CI: 0.60-0.77 for
women, final-adjusted OR =0.64, 95%CI: 0.59-0.70 for
men and women combined).

Prevalence and ORs for depressive symptoms accord-
ing to education level stratified by household income in
men and women are shown in Table 4. Participants with
higher education levels had lower ORs in the lowest- (P
for trend =0.0275) and 2nd-income (P for trend =
0.0123) groups, but not in the 3rd- (P for trend = 0.5214)
and highest-income (P for trend = 0.0915) groups. This
suggests a potential interaction, albeit non-significant,
between education and income (adjusted P = 0.2851).

There was no significant association between type of
occupation  and  depressive = symptoms.  Final
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Table 1 Distribution of participant characteristics (number with percent) according to education and income levels

Education level Household income (Yen/yr)
Junior high High Junior University or P for < >3,000,000; >6,000,000; >9,000,000 P for
School school  college higher trend 3,000,000 < 6,000,000 <9,000,000 trend
N=9478 N= N=6859 N=3064 N= N=15975 N=6265 N=3273
19,098 12,986
Male sex 4858 (51.3%) 9881 2454 2311 (754%) < 5913 8659 3274 1658 <
(51.7%) (35.8%) 0.0001  (45.5%) (54.2%) (52.3%) (50.7%) 0.0001
Age (years)
<50 476 (5.0%) 4919 2345 904 (29.5%) < 2116 4122 1712 694 (21.2%) <
(25.8%) (34.2%) 0.0001  (16.3%) (25.8%) (27.3%) 0.0001
50-59 1530 (16.1%) 6537 2634 1104 (36.0%) 3049 4801 2554 1401
(34.2%) (38.4%) (23.5%) (30.1%) (40.8%) (42.8%)
60-69 5108 (53.9%) 6242 1612 843 (27.5%) 5749 5491 1616 949 (29.0%)
(32.7%) (23.5%) (44.3%) (34.4%) (25.8%)
=70 2364 (24.9%) 1400 268 213 (7.0%) 2072 1561 (9.8%) 383 (6.1%) 229 (7.0%)
(7.3%) (3.9%) (16.0%)
Marital status
Married 7486 (79.8%) 15517 5530 2532 (83.0%) < 8877 13,386 5701 3101 <
(81.6%) (80.9%) 0.00012 (69.0%) (84.2%) (91.3%) (94.9%) 0.00012
Never married 552 (5.9%) 1518 569 310 (10.2%) 1597 1084 (6.8%) 223 (3.6%) 45 (1.4%)
(8.0%) (8.3%) (12.4%)
Divorced, separated, 1348 (144%) 1976 736 209 (6.9%) 2399 1428 (9.0%) 321 (5.1%) 121 (3.7%)
or bereaved (10.4%) (10.8%) (18.6%)
Education level
Junior high school - - - - 4879 3353 825 (13.2%) 421 (129%) <
(37.6%) (21.0%) 0.0001
High school - - - - 5807 8468 3259 1564
(44.7%) (53.0%) (52.0%) (47.8%)
Junior college - - - - 1777 2990 1364 728 (22.2%)
(13.7%) (18.7%) (21.8%)
University or higher - - - - 523 (40%) 1164 (73%) 817 (13.0%) 560 (17.1%)
Household income (Yen/yr)
0-2,990,000 4879 (51.5%) 5807 1777 523 (17.1%) < - - - -
(30.4%) (25.9%) 0.0001
3,000,000-5,990,000 3353 (354%) 8468 2990 1164 (38.0%) - - - -
(44.3%)  (43.6%)
6,000,000-8,990,000 825 (8.7%) 3259 1364 817 (26.7%) - - - -
(17.1%)  (19.9%)
29,000,000 421 (4.4%) 1564 728 560 (18.3%) - - - -
(8.2%) (10.6%)
Occupation’
Sales and service 1331 (14.2%) 3683 1413 439 (14.4%) < 2404 3079 930 (15.0%) 453 (13.9%) <
(194%)  (20.7%) 0.0001%  (18.7%) (19.4%) 0.0001°
Office work 117 (1.3%) 1957 691 368 (12.1%) 617 (4.8%) 1203 (7.6%) 845 (13.6%) 468 (14.4%)
(103%)  (10.1%)
Professional 1224 (13.0%) 3616 2550 1310 (42.9%) 1476 3865 2098 1261
(19.1%) (37.4%) (11.5%) (24.4%) (33.7%) (38.8%)
Manual 2648 (28.2%) 4863 705 245 (8.0%) 3020 3679 1187 575 (17.7%)
(25.6%) (10.3%) (23.4%) (23.2%) (19.1%)
No job or others 4066 (433%) 4853 1463 689 (22.6%) 5374 4040 1161 496 (15.3%)
(25.6%) (21.5%) (41.7%) (25.5%) (18.7%)
Area

Murakami 2791 (29.5%) 6195 1754 750 (24.5%) < 4078 4650 1851 911 (27.8%) <
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Table 1 Distribution of participant characteristics (number with percent) according to education and income levels (Continued)

Education level

Household income (Yen/yr)

Junior high High Junior University or P for < >3,000,000; >6,000,000; >9,000,000 P for
School school  college higher trend 3,000,000 < 6,000,000 <9,000,000 trend
N =9478 N= N=6859 N=3064 N= N=15975 N=6265 N=3273
19,098 12,986
(324%)  (25.6%) 0.0001  (31.4%) (29.1%) (29.6%) 0.0001
Uonuma 6687 (70.6%) 12,903 5105 2314 (75.5%) 8908 11,325 4414 2362
(67.6%)  (74.4%) (68.6%) (70.9%) (70.5%) (72.2%)
Disease history of
Cancer 770 (8.1%) 1144 384 185 (6.0%) < 941 (7.3%) 975 (6.1%) 368 (5.9%) 199 (6.1%)  0.0002
(6.0%) (5.6%) 0.0001
Myocardial 80 (0.8%) 107 23 (0.3%) 20 (0.7%) 0.0035 91 (0.7%) 93 (0.6%) 27 (0.4%) 19 (0.6%) 0.0722
infarction (0.6%)
Stroke 266 (2.8%) 352 91 (1.3%) 58 (1.9%) < 365 (2.8%) 273 (1.7%) 88 (1.4%) 41 (1.3%) <
(1.8%) 0.0001 0.0001
Diabetes 955 (10.1%) 1238 334 213 (7.0%) < 1085 1058 (6.6%) 392 (63%) 205 (6.3%) <
(6.5%) (4.9%) 0.0001  (8.4%) 0.0001
Activities of daily living
No disability 8595 (90.7%) 18,215 6582 2925(95.5%) < 11,817 15,221 6092 3187(974%) <
(954%)  (96.0%) 0.0001  (91.0%) (95.3%) (97.2%) 0.0001
Having some 809 (8.5%) 823 261 129 (4.2%) 1079 701 (44%) 162 (26%) 80 (24%)
disability” (4.3%) (3.8%) (8.3%)
Physically 74 (0.8%) 60 (0.3%) 16 (0.2%) 10 (0.3%) 90 (0.7%) 53 (0.3%) 11 (0.2%) 6 (0.2%)
dependent’

'Professional includes professional and management; manual includes security, farming/forestry/fishery, transportation, and labour services

2Trend of married persons

3Trend of manual workers

“Having some disability, but can go out independently
®Having disability, and cannot go out without assistance

multivariable-adjusted ORs and 95%Cls for depressive
symptoms were 1.06 (0.97-1.17) for office work, 1.06
(0.99-1.14) for professional work, 1.04 (0.96-1.11) for
manual work, and 0.99 (0.93-1.07) for no job or others,
relative to sales and service (reference).

Finally, adjusted ORs according to both education and
income levels are shown in Fig. 1. Individuals with a
“university” education in the “>9 million yen” group had
the lowest OR (0.47, 95%CI: 0.38-0.58) relative to those
with a “junior high school” education in the “<3 million
yen” group (reference). ORs of the other levels were sig-
nificantly lower than the reference, except for those with
a “university” education in the “<3 million yen” group.

Discussion

The main findings of the present study were as follows:
1) high education levels were associated with a low
prevalence of depressive symptoms independently of in-
come level, 2) high income levels were more robustly as-
sociated with a low prevalence of depressive symptoms
than education level, and 3) an association between edu-
cation level and prevalence of depressive symptoms was

observed in low income groups, but not in high income
groups, suggesting a potential interaction.

A meta-analysis of 24 cross-sectional studies published
in 2010 [30] reported that high education levels are sig-
nificantly associated with a decreased risk of depression,
and results of the present study are consistent with this.
However, the association observed in the present study
was weaker (adjusted OR=0.79 for highest vs. lowest
education group) than that reported in the meta-analysis
(OR =0.63 [95%CI: 0.55-0.72]) for depression in those
with high education levels than those with low education
levels. This weaker association may be a characteristic of
the Japanese population, as further evidenced by an epi-
demiologic study reporting a null association between
education level and depression [20]. In the present study,
high education levels were associated with a lower
prevalence of depressive symptoms independently of in-
come level. However, only a few epidemiologic studies
have assessed whether education and income levels are
independently associated with depressive symptoms in
population-based samples. Schlax et al. [14] reported
that education level was associated with elevated
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Table 2 Prevalence and odds ratios (ORs) for depressive symptoms according to education level, adjusted for income and other

potential confounders

Education level P for
Junior high school High school Junior college University or higher trend
Men
Prevalence 1385/4858 (28.5%) 2917/9881(29.5%) 886/2454 (36.1%) 612/2311(26.5%)
Age-adjusted OR (95% Cl) 1 (Reference) 0.83 (0.77-0.90) 1.02 (091-1.14) 0.68 (0.61-0.77) < 0.0001
Adjusted OR (1)' (95% CI) 1 (Reference) 0.88 (0.81-0.95) 1.06 (0.94-1.18) 0.73 (0.65-0.82) 0.0005
Adjusted OR (2)? (95% CI) 1 (Reference) 0.92 (0.85-1.00) 1.10 (0.98-1.24) 0.80 (0.71-0.91) 0.0494
Women
Prevalence 1478/4620 (32.0%) 3198/9217 (34.7%) 1518/4405 (34.5%) 229/753 (30.4%)
Age-adjusted OR (95% Cl) 1 (Reference) 0.89 (0.82-0.96) 0.83 (0.75-0.92) 0.69 (0.58-0.82) < 0.0001
Adjusted OR (1)' (95% CI) 1 (Reference) 0.93 (0.85-1.01) 0.87 (0.79-0.96) 0.72 (0.60-0.86) 0.0002
Adjusted OR (2)* (95% Cl) 1 (Reference) 0.96 (0.88-1.05) 0.92 (0.83-1.02) 0.79 (0.66-0.95) 0.0148
Men and women combined
Prevalence 2863/9478 (30.2%) 6115/19098 (32.0%) 2404/6859 (35.1%) 841/3064 (27.5%)
Age-adjusted OR (95% Cl) 1 (Reference) 0.85 (0.81-0.90) 0.90 (0.84-0.97) 0.66 (0.60-0.72) <0.0001
Adjusted OR (1) (95% CI) 1 (Reference) 0.90 (0.85-0.96) 0.93 (0.86-1.00) 0.72 (0.65-0.79) < 0.0001
Adjusted OR )" (95% CI) 1 (Reference) 0.94 (0.89-1.00) 0.97 (0.90-1.05) 0.79 (0.72-0.87) 0.0007

'Adjusted for age, marital status, occupation, area, disease history, and ADL

2Adjusted for age, marital status, occupation, area, disease history, ADL, and income
3Adjusted for sex, age, marital status, occupation, area, disease history, and ADL
4Adjusted for sex, age, marital status, occupation, area, disease history, ADL, and income

Table 3 Prevalence and odds ratios (ORs) for depressive symptoms according to income level, adjusted for education and other

potential confounders

Household income (Yen/yr) P for
Lowest 2nd 3rd Highest trend
(<3,000,000) (>3,000,000; < 6,000,000) (>6,000,000; <9,000,000) (>9,000,000)
Men
Prevalence 2043/5913 (34.6%)  2532/8659 (29.2%) 854/3274 (26.1%) 371/1658 (22.4%)
Age-adjusted OR (95% Cl) 1 (Reference) 0.66 (0.61-0.71) 0.53 (0.48-0.59) 046 (0.40-0.52) < 0.0001
Multivariable adjusted OR (1" (95% Cl) 1 (Reference) 0.76 (0.71-0.83) 0.66 (0.59-0.74) 0.58 (0.50-0.66) < 0.0001
Multivariable adjusted OR (2)* (95% Cl) 1 (Reference) 0.77 (0.71-0.83) 0.67 (0.60-0.75) 0.59 (0.51-068)  <0.0001
Women
Prevalence 2649/7073 (37.5%)  2437/7316 (33.3%) 878/2991 (29.4%) 459/1615 (28.4%)
Age-adjusted OR (95% Cl) 1 (Reference) 0.78 (0.73-0.84) 0.62 (0.56-0.68) 061 (0.54-068)  <0.0001
Multivariable adjusted OR (1)" (95% Cl) 1 (Reference) 0.83 (0.77-0.89) 0.67 (0.61-0.74) 0.67 (0.59-0.76) < 0.0001
Multivariable adjusted OR (2)? (95% Cl) 1 (Reference) 0.84 (0.78-0.90) 0.68 (0.62-0.75) 0.68 (0.60-0.77) < 0.0001
Men and women combined
Prevalence 4692/12986 (36.1%) 4969/15975 (31.1%) 1732/6265 (27.7%) 830/3273 (25.4%)
Age-adjusted OR (95% Cl) 1 (Reference 0.72 (0.68-0.75) 0.57 (0.54-0.61) 0.53 (049-0.58) < 0.0001
Multivariable adjusted OR (1)* (95% Cl) 1 (Reference 0.80 (0.76-0.85) 067 (0.63-0.72) 063 (057-069)  <0.0001
Multivariable adjusted OR (2)%(95% CI) 1 (Reference) 0.81 (0.77-0.85) 0.68 (0.64-0.73) 0.64 (0.59-0.70)  <0.0001

3,000,000 yen is roughly equivalent to 28,000 US dollars (in 2020)

'Adjusted for age, marital status, occupation, area, disease history, and ADL
ZAdjusted for age, marital status, occupation, area, disease history, ADL, and education
3Adjusted for sex, age, marital status, occupation, area, disease history, and ADL

4Adjusted for sex, age, marital status, occupation, area, disease history, ADL, and education
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Table 4 Prevalence and odds ratios (ORs) for depressive symptoms according to education level, stratified by household income in

men and women

Education level P for

Household income Junior high school High school Junior college University or higher trend
Lowest (<3,000,000 Yen/yr)

Prevalence 1666/4879 (34.2%) 2146/5807 (40.0%) 693/1777 (39.0%) 187/523 (35.8%)

Adjusted OR' (95% CI) 1 (Reference) 0.92 (0.84-1.00) 0.90 (0.79-1.02) 0.86 (0.70-1.04) 0.0275
2nd (23,000,000, < 6,000,000 Yen/yr)

Prevalence 930/3353 (27.7%) 2672/8468 (31.6%) 1047/2990 (35.0%) 320/1164 (27.5%)

Adjusted OR' (95% CI) 1 (Reference) 0.94 (0.86-1.04) 1.00 (0.89-1.12) 0.74 (0.63-0.86) 0.0123
3rd (26,000,000, < 9,000,000 Yen/yr)

Prevalence 174/825 (21.1%) 905/3259 (27.8%) 444/1364 (32.6%) 209/817 (25.6%)

Adjusted OR' (95% Cl) 1 (Reference) 1.12 (0.92-1.37) 1.28 (1.02-1.60) 0.89 (0.70-1.15) 05214
Highest (29,000,000 Yen/yr)

Prevalence 93/421 (22.1%) 392/1564 (25.1%) 220/728 (30.2%) 125/560 (22.3%)

Adjusted OR' (95% Cl) 1 (Reference) 0.95 (0.72-1.25) 1.10 (0.81-1.51) 0.71 (0.51-1.00) 0.0915

3,000,000 yen was roughly equivalent to 28,000 US dollars in 2020
"Adjusted for sex, age, marital status, occupation, area, disease history, and ADL

depressive symptoms independently of income level in
12,484 Germans aged 35-74 years. Similarly, Doménech-
Abella et al. [13] showed that education level was associ-
ated with depression independently of income level, and
suggested that the association between education and
depression was mediated by behavioural factors. Higher
education is considered to provide a problem-solving at-
titude about health and access to medical or preventive
health services [31]. Moreover, education can be consid-
ered a marker of childhood SES, as it has been shown to
improve health literacy and the ability to master stressful
and demanding situations in adulthood [32]. Contrary to

countries, Cermakova et al. [33] demonstrated that edu-
cation in the Czech Republic, a non-socioeconomically
advantaged country, was not an independent, correlating
factor of depressive symptoms in 6964 Czechs aged 45—
69 years. This suggests that the independent effects of
education and income on depressive symptoms may spe-
cifically be observed in socioeconomically advantaged
countries.

There is a large body of evidence linking income levels
with depression. A meta-analysis published in 2003 [9]
showed that high income levels are significantly associ-
ated with a decreased risk of depression, with crude ORs

these reports from socioeconomically advantaged of 0.55-0.60 (highest vs. lowest). The present findings
Ref.
Adjusted

OR
1

0.5 <3

23,<6

Income

0 Junior high High
school school

that of education level

Junior
college

Fig. 1 Odds ratios (ORs) according to education and income levels. ORs were adjusted for age, sex, marital status, occupation, area, ADL, and
history of cancer, myocardial infarction, stroke, and diabetes. The association of income level with depressive symptoms was more robust than

26,<9 -
9 (Million yen/Y)

University
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on the association between income level and depression
are in line with those of the previous meta-analysis.
Comparable data from a group in Korea were published
in 2018 [34], with an adjusted OR for depressive symp-
toms of 0.54 (highest vs. lowest quartile). In contrast,
only a few epidemiologic studies on this topic have been
conducted in Japan. In the present study, household in-
come level was associated with depressive symptoms in
both men and women independently of education level.
A previous Japanese study conducted in people aged
>65 years in 2003 reported that the OR for depression,
diagnosed by the Geriatric Depression Scale (GDS-15),
of high income (>4 million yen/year) relative to low in-
come (< 2 million yen/year) was 0.43 [20].

Although the present study found that education and
income levels were independently associated with de-
pressive symptoms, ORs of education levels for depres-
sive symptoms were attenuated toward null after
adjusting for household income (Table 2), likely due to
an intercorrelation between education and income levels
(Spearman’s correlation coefficient = 0.241). The associ-
ation of household income with depressive symptoms
was more robust than that of education level, as
reflected by the negligible change in ORs of household
income after adjusting for education level (Table 3). The
robustness of the association between household income
(rather than education level) and depressive symptoms is
clearly shown in Fig. 1. In contrast, a recent European
study [13] reported that education level is more strongly
correlated with depression than household income. This
discrepancy may be due to the fact that the European
study [13] included a “no formal education” group in the
education category, which had a major impact on de-
pression that was not observed in the present study. An-
other possible explanation is that a regional or cultural
difference exists. Indeed, other East Asian studies have
shown that income level was associated with depressive
symptoms, while education level was not [20, 35].

Education level was not significantly associated with
depressive symptoms in the highest-income group
(Table 4). Education is thought to shape psychosocial re-
sources, such as social support and self-efficacy, which
reduce stress and develop health-promoting behaviours,
while income provides a resource for coping with ill
health by enabling a person to access health care [36].
The findings of the present study may suggest that a
high household income level can offset the risk of de-
pressive symptoms in those with a low education level.

With regard to the mechanism underlying the associ-
ation between SES and depression, a low SES may cause
depressive symptoms, for example, via high levels of per-
ceived stress and exposure to poor environmental factors
[37], which can lead to reduced serotonergic function
and subsequent depression [38]. Epigenetic modification
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of gene expression associated with low SES has also been
reported to predict changes in depression-related brain
function [39].

There may have been selection bias in the present
study, given that the participation rate was not high. The
prevalence of CES-D-based depressive symptoms was
higher in participants in their 40’s (38.7%) and 50’s
(35.9%) relative to those reported for a representative
Japanese population (estimated response rates of about
87-89%; 27.9% among people in their 40’s, 26.6% among
those in their 50’s) [40]. However, participants in their
60’s and 70’s showed a similar or lower prevalence of de-
pressive symptoms (26.3 and 24.0%, respectively) com-
pared to the representative Japanese population (60’s:
24.8%, 70’s: 36.0%) [40]. A potential explanation is that
participation rates among those in their 40’s and 50’s
were considerably lower compared to those in their 60’s
and 70’s [26]. In sum, the prevalence of depressive
symptoms among the middle-aged participants of the
present study may have been overestimated, which could
have affected the ORs.

The overall prevalence of CES-D-based depressive
symptoms was high (31.8%) in the present study. A pre-
vious study using the CES-D [40] also reported a higher
prevalence (28.1%) of depressive symptoms in a repre-
sentative Japanese adult population compared to West-
ern countries (< 20%). This may be explained by a
tendency of Japanese people to suppress the expression
of positive affect [41], suggesting an overestimation of
depressive symptoms.

The present study has some strengths. The large sam-
ple size from two independent population-based cohorts
enabled us to conduct an adequately powered and statis-
tically robust study, even for subgroup analyses. In
addition, the prevalence of depression has been reported
to peak in older adulthood (above 7.5% among females
and 5.5% among males aged 55-74 years) [1]. Therefore,
the findings of the present study, which targeted people
aged 40—74 years, have a potential public health impact.

However, this study also has some limitations worth
noting. First, the regions from which the two cohorts
were sampled have medium- and small-sized local gov-
ernments, and thus, the results of the present study may
not apply to regions with large or metropolitan govern-
ments (e.g., Tokyo), where SES of residents differs from
that of the present cohorts. Second, selection bias other
than the low participation rate may have influenced the
results of statistical analyses. People with lower educa-
tion and/or income levels may have participated less
than those with higher levels, and individuals suffering
from serious depressive symptoms are less likely to par-
ticipate in epidemiologic studies. Third, comorbidities
such as dementia may have influenced the results. Al-
though the present study did not examine the history of
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dementia of participants, only 3 (0.03%) suspected de-
mentia cases were identified in the Murakami cohort
(from a long-term care insurance database). Therefore,
the impact of cognitive impairment on the results of the
present study is likely minimal. Fourth, this study was
based on self-reported information from participants.
Thus, misclassification may have occurred, and the
strength of the association between exposure and out-
come may be attenuated toward null. Fifth, demographic
and lifestyle factors were statistically adjusted for, but
other potential confounders were not considered. For
example, interpersonal conflicts [42], personality [43],
and social isolation [44] have recently been reported to
be influential factors. Further studies will be needed to
address these factors. Finally, causal relationships could
not be determined due to the cross-sectional design.
Longitudinal studies to confirm the results of the
present study are warranted.

Conclusion

Both education and household income levels were inde-
pendently associated with the prevalence of depressive
symptoms, and income level was more robustly associ-
ated with depressive symptoms than education level. A
high household income level might offset the risk of de-
pressive symptoms in those with a low education level.
These findings may contribute to efforts toward the pri-
mary prevention of depressive symptoms.

The present study has the following implications. First,
the findings further support the robust association of
SES, particularly education and household income, with
depressive symptoms. Although no significant inter-
action was observed, participants with the lowest and
second lowest household income levels were more likely
to be subject to the effect of education level on depres-
sion. This could provide a potential target population to
develop additional strategies for the prevention of de-
pression in community-dwelling middle-aged and older
adults.
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