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Related Factors of Depression according to Individual Attributes and Regional
Environment: Using Multi-Level Analysis
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Background: This study is aimed to verify individual and regional-level factors affecting the depression of Koreans and to develop
social programs for improving the depressive status.

Methods: This study used individual-level variables from the Korean Community Health Survey (2018) and used the e-regional index
of the Korean Statistical Information Service as the regional-level variable. A multi-level logistic regression was executed to identify
individual and regional-level variables that were expected to affect the extent of depressive symptoms and to draw the receiver
operating characteristic curve to compare the volume of impact between variables from both levels.

Results: The results of the multi-level logistic regression analysis in regards to individual-level factors showed that older age, female
gender, a lower income level, a lower education level, not having a spouse, the practice of walking, the consumption of breakfast
higher levels of stress, and having high blood pressure or diabetes were associated with a greater increase in depressive symptoms.
In terms of regional factors, areas with fewer cultural facilities and fewer car registration had higher levels of depressive symptoms.
The comparison of area under the curve showed that individual factors had a greater influence than regional factors.
Conclusion: This study showed that while both, individual and regional-level factors affect depression, the influence of the latter was
relatively weaker as compared to the first. In this sense, it is necessary to develop programs focused on the individual, such as social
prescribing at the local or community-level, rather than the city and nation-level approach that are currently prevalent.
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Figure 1. Research model. PHQ-9, Patient Health Questionnaire-9.
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Table 1. Description of general characteristics of variables

(N=256,516)

Characteristic

Category (range)

Value

Level 1: individual factors
Depression (PHQ-9)

Gender
Age (yr)

Annual income (10,000 won)
Education

Marital status

Smoking status

Drinking status

Walking status

Breakfast status

Hypertension status

Diabetes status

Level of stress

Level 2: regional factors
Financial autonomy rate
No. of car registration (per 1)
No. of doctor (per 1,000)
No. of hospital

No

Yes

Male

Female

Continuous (19-107)
Continuous (0-30,000)
Uneducated

208,397 (96.25)
8,119 (3.75)
98,260 (44.85)

120,967 (55.15)
54.46+17.54

4,027.42+3,138.80

14,375 (6.64)

Elementary school graduate 38911 (17.97)

Middle school graduate
High school graduate
College

University

Graduate school

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

Subjective stress score
Very low

Low

High

Very high

Continuous (26.3-76.4)
Continuous (0.24-2.01)
Continuous (0.58-23.58)
Continuous (0-39)

No. of culture center (per 100,000) Continuous (1.24-67.96)

No. of company (per 1,000)
No. of social welfare center
(per 100,000)

Continuous (47.83-500.65)
Continuous (2.7-68.4)

24471 (11.30)
61,462 (28.39)
23179 (10.71)
47,106 (21.76)
7012 (3.23)
70,772 (32.69)
145,744 (67.31)
139,467 (64.41)
77,049 (35.59)
36,524 (16.87)
179,992 (83.13)
120,558 (55.68)
95,958 (44.32)
50,932 (2352)
165,584 (76.48)
154,731 (71.46)
61,785 (28.54)
192,412 (88.87)
24,104 (11.13)
202+0.58
53212 (24.58)
112,881 (52.14)
43,048 (19.88)
7375 (341)

55.1310.51
0.49:0.14
26%2.78
1794855
9.80:9.22

84.02+37.83

18.24s11.17

Values are presented as number (%) or meansstandard deviation.

PHQ-9, Patient Health Questionnaire-9.
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Table 2. Results of multilevel logistic regression (n=216,516)

Variable Model 0 Model 1 Model 2
Level 1: individual factors
Socio-demographic factor
Gender
Male Reference Reference
Female 17597 (1630-1.898) 1.753" (1.625-1.891)
Age 1.0217°(1.018-1.023) 1.021° (1.019-1.024)
Annual income (million won) 0.999"(0.99-0.999) 1.000" (1.000-1.000)
Education
No education Reference Reference
Elementary school 0.752"(0.693-0.816) 0748  (0.689-0811)
Middle school 0599 (0540-0.664) 0592 (0.533-0.656)
High school 0518 (0.467-0576) 0511 (0.460-0.567)
College (2-3 years) 0493 (0.429-0566) 0485 (0.422-0.557)
University (4 years) 0.428"(0.376-0487) 0420 (0.363-0.478)
Graduate school 0305 (0.241-0.386) 0299 (0.234-0.378)
Marital status
Married Reference Reference
Unmarried 18237 (1.731-1.920) 1817 (1.726-1.914)
Health behavioral factor
Smoking status
No Reference Reference
Yes 1539 (1.429-1.658) 1537 (1.427-1.656)
Drinking status
No Reference Reference
Yes 1014 (0.950-1.081) 1014 (0.951-1.081)
Walking status
No Reference Reference
Yes 0692 (0.656-0.729) 0688 " (0.653-0.725)
Breakfast status
No Reference Reference
Yes 0567 (0.532-0.604) 0568 (0.533-0.606)
Mental health factor
Level of stress
Disease status factor
Hypertension status
Yes Reference Reference
No 0892 (0.842-0.944) 0892 (0.842-0.945)
Diabetes status
Yes Reference Reference
No 0.7697°(0.719-0.823) 0771 (0.721-0.824)

Level 2: regional factors
Socio-economic capability
Financial autonomy rate
Car registration rate (per 1
person)
Medical resources
No. of doctor (per 1,000
persons)
No. of hospital
Social capital
No. of culture center
(per 100,000 persons)
No. of company
(per 1,000 persons)
No. of social welfare center
(per 100,000 persons)
Intraclass correlation coefficient

0.0649

0.9 (0.991-1.004
0596’ (0.363-0.980)
1,020 (0.984-1.058)
1,008 (0.997-1.019)
0.990'(0.981-0.998)
1,000 (0.998-1.002)

1.001 (0.994-1.008)

Values are presented as odds ratio (95% confidence interval).

"p<0.05. "p<0.001.
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Reference

Figure 2. ROC curve (model 0, model 1). ROC, receiver operating
characteristic.

Table 3. Receiver operating characteristic curve summary (model 0,
model 1)

Model Observations Area under the curve
Model 0 216,516 0.6309
Mode! 1 216,516 0.8608
Prob>” 0.000™

" p<0.001.
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Figure 3. ROC curve (model 1, model 2). ROC, receiver operating
characteristic.

Table 4. Receiver operating characteristic curve summary (model 1,
model 2)

Model Observations Area under the curve
Mode! 1 216,516 0.8608
Model 2 216,516 0.8616
Prob>»* 0.000™
" p<0.001.
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