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Depression

Moderating Factors
- age - stress - sleep - physical activity
- sex - body mass - smoking - alcohol
- socioeconomic status

Biological Mechanisms
- A corticotropin releasing hormone
- # hypothalamic-pituitary-adrenal axis
- 4 sympathetic nervous system

{ Immunologic Alterations ¥

Immunosuppression QO Immune Activation/Inflammation
- altered immune cell distribution_ -4 proinflammatory cytokines | _
- ¥ lymphocyte proliferation - 4 acute phase proteins 4 20k
- ¥ virus-specific T cell responses - A chemokines _' !
- ¥ memory T cell responses (™) Q - 4 adhesion molecules &
{ Clinical Implications {
Disease Relevance Disease Relevance
- infectious diseases - cardiovascular disease
- viruses (e.g. HIV, HCV) - autoimmune disorders
- bacteria - inflammatory disorders
- cancer - cancer

- sickness behavior/depression

Figure 1. Brain—immune interactions in depression (Irwin MR, Miller AH.

2007)
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Database

N=1,000,000
depression with
psychotherapy prescription
A\
& matched in age and sex
hEa 2,30 without mood disorders
\ TE prior to depression
MN=24
Y Y
1:1 matching
Exposure group Control group
N=32 372 N=32 372
T T
| |
I |
| |
| |
| |
| |
I |
v v
TB TB
N=101 MN=191

Figure 2. Flowchart of enrolment from the Korean National Health Insurance

Service Sample Cohort Database
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(0.6% vs 22.6%, p<0.001). RHIF 2 FH A gh2- thZ=rollA

&
AR B wol FRIEgITE (0.1% vs 40.4%, p<0.001). &3

A

= 3}

ARE-

ool Ae o FARrelM dixuroh o wol AT (3.4%

vs 0.6%, p<0.001) (31, Tablel).

Table 1. General characteristics between depression group and control group

Depression

Yes (n=32372)

No (n=32372)

Variables n % n % P—value
Sex 1.000
Male 10813 334 10813 334
Female 21559 66.6 21559 66.6
Age, years 1.000
—24 4696 14.5 4696 14.5
256—34 5004 15.5 5004 15.5
35—44 5728 17.7 5728 17.7
45-54 6148 19.0 6148 19.0
55—64 4749 14.7 4749 14.7
65— 6047 18.7 6047 18.7
Income level <0.001
High 17098 52.8 15671 48.4
Middle 8019 24.8 8566 26.5
Low 7255 22.4 8135 25.1
11



Diabetes mellitus <0.001

Yes 200 0.6 7324 22.6
No 32172 99.4 25048 77.4

COPD <0.001
Yes 34 0.1 13069 40.4
No 32338 99.9 19303 59.6

Alcoholism <0.001
Yes 1111 3.4 203 0.6
No 31261 96.6 32169 99.4

COPD, chronic obstructive pulmonary disease.

2. 227 2 UFxToA e A3 A
FEd—rlolo] wpe] o3t $-2% FRLY] FA AN WAFS )z

7] FA A HAEET O #9393 ol -3 A g8 B

AoR Foslgrt (p<0.001) (¥ 3. Figure 3).
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Figure 3. Cumulative incidence of tuberculosis between depression group and

control group

&5 A A HAES 1000 I (person—years) & 0.60,
o] 48 AEL 1000 1 (person—years) & 0.530% F 7+
e
Zshe A9 WA 45 QA (person—years), WHAE W HAYEH]

(incidence rate ratio, IRR)+= 32 (Table 2) &} 2t}

Table 2. Incidence rate ratio between depression group and control group

Depression
Yes (n=32372) No (n=32372)
Variables n PYs Rate t N PYs Ratet IRR (95%CI)
All 101 167271 0.60 191 359265 0.53 1.14 (0.89—-1.45)
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Sex

Male

Female

Age, years

—24

256—34

35—44

45-54

55—64

65—

Income level

High

Middle

Low

Diabetes mellitus

Yes

No

COPD

Yes

No

Alcoholism

Yes

No

46

55

17

14

16

17

31

52

31

18

100

101

94

54368

112904

22797

25838

31432

32989

24644

29572

89683

41381

36207

1131

166140

183

167088

5150

162121

0.85

0.49

0.26

0.66

0.45

0.49

0.69

1.05

0.58

0.75

0.50

0.88

0.60

0.60

1.36

0.58

71

120

35

21

18

31

27

59

92

59

40

49

142

115

76

191

117400

241864

51712

55816

64084

67736

53339

66577

178075

95587

85603

82574

276691

147967

211298

2125

357139

0.60

0.50

0.68

0.38

0.28

0.46

0.51

0.89

0.52

0.62

0.47

0.59

0.51

0.78

0.36

0.53

1.40 (0.97-2.03)

0.98 (0.71-1.35)

0.39 (0.16—0.92)

1.75 (0.92-3.3D

1.56 (0.79-3.19)

1.06 (0.58—1.94)

1.36 (0.74-2.50)

1.18 (0.77-1.83)

1.12 (0.80—-1.58)

1.21 (0.79-1.87)

1.06 (0.61—-1.86)

1.49 (0.21-10.8)

1.17 (0.91-1.5D

1.68 (1.25—-2.26)

1.08 (0.85-1.39)

PYs, person—years; IRR, incidence rate ratio; CI, confidence interval; COPD,

14
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chronic obstructive pulmonary disease.

tIncidence rate per 1000 person—years

3. A i dA el Ade A AF el

2.63 (95%CI, 1.74—3.96; p<0.001) 0.2 Uepstt}, PdAde oA}

v wate] 918H] (hazard ratio, HR) 7} 1.39 (95%CI, 1.09—1.76;
p=0.007)°]3AT}. 65 Al o]e] AP 24 Al o]ste] Aol il 1.48
(95%CI, 1.01-2.16; p=0.045) ¢} $18¥] (hazard ratio, HR) & H3it}.
S o] 9 245 (95%CI, 1.55-3.88; p<0.001), HIF A7 A5k
739 3.46 (95%CI, 2.31-5.18; p<0.001) 0. e} SA X o=

G218t £)3H] (hazard ratio, HR) S Rt} (& 3, Tablel).

Table 3. Multivariable Cox regression analysis of factors associated with risk

of tuberculosis among all the enrollees

Variables HR (95%CD * P—value
Depression 2.63 (1.74-3.96) <0.001
Male sex 1.39 (1.09-1.76) 0.007
Age, years
25—34 0.82 (0.53-1.28) 0.382
15



35—44 0.57 (0.36—0.91) 0.019

45-54 0.75 (0.49-1.16) 0.193
556—64 0.88 (0.57-1.36) 0.560
65— 1.48 (1.01-2.16) 0.045

Income level

Middle 1.30 (1.00-1.69) 0.054
Low 0.88 (0.65—1.20) 0.427
Diabetes mellitus 2.45 (1.55—3.88) <0.001
COPD 3.46 (2.31-5.18) <0.001
Alcoholism 1.99 (0.92—-4.31) 0.080

HR, hazard ratio; CI, confidence interval, COPD, chronic obstructive
pulmonary disease.
*Adjusted for depression, sex, age, income level, diabetes mellitus, COPD

and alcoholism

S Eo]+= Cox proportional hazard model?] A-go] sFsitiar & 4 3
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Log of Negative Log of SURVIVAL

0 1 2 3 4 5 6 7 8 9 10 1"
d_y

Group Control Depreasion

Figure 4. Log minus log (LML) curve between depression group and control

group

9 AN e BT B 5T

o

2 Eiete] diflsils ol BF
259 $134] (hazard ratio, HR) &= 1.99 (95%CI, 1.21-3.28;
p=0.007)°]%01L %5 F=52 2191 (hazard ratio, HR)+ 3.08
(95%CI, 2.00—4.73; p<0.001) It} ¥ Az}l 7Rk v ¢35
Tt A A9 2o 932 B STkl ol AFAE

HolF=rh (139 5, Figure 5).
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45

35

- 3.078

HR

25

15

Depression

Figure 5. Hazard ratios (points) and 95% confidence intervals (error bars)

according to severity of depression
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(HR, 1.72; 95%CI, 1.15—2.57), 25—34A412] A8 (HR, 2.62; 95%CI,

O_u

1.03-6.68), 55—64412] ¥ (HR, 2.74; 95%CI, 1.08—6.99), 654
oJAke] ¥ (HR, 4.30; 95%CI, 1.79—10.3) o] EAA o7 Hol3t

2polE HWIT} (324, Tabled).
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Table 4. Multivariable Cox regression analysis of factors associated with risk

of tuberculosis in depression group

Variablest HR (95%CD)=* P—value
Male sex 1.72 (1.15-2.57) 0.008
Age, years
25—34 2.62 (1.03-6.68) 0.044
35—44 1.76 (0.67—4.60) 0.250
45—54 1.92 (0.75-4.93) 0.176
55—64 2.74 (1.08-6.99) 0.035
65— 4.30 (1.79-10.3) 0.001

Income level

Middle 1.34 (0.86—2.10) 0.201
Low 0.87 (0.51-1.49) 0.616
Diabetes mellitus 1.24 (0.17-8.90) 0.834
Alcoholism 1.94 (0.88—4.29) 0.100

HR, hazard ratio; CI, confidence interval; COPD, chronic obstructive
pulmonary disease.

tCOPD was excluded in the analysis because there was no TB case among
depression patients with COPD

*Adjusted for sex, age, income level, diabetes mellitus and alcoholism



e w B, 65 Al o)) AR, dFE AR el 58 ayvle

B 2 YERSYE (3£ 5, Tableb).

Table 5. Multivariable Cox regression analysis of factors associated with risk

of tuberculosis in mild depression group

Variablest HR (95%CD)=* P—value
Male sex 0.88 (0.41-1.89) 0.747
Age, years
256—34 2.79 (0.73-10.6) 0.133
35—44 1.40 (0.33-5.88) 0.650
45—54 0.81 (0.16—4.05) 0.798
55—64 2.92 (0.77-11.1) 0.116
65— 1.41 (0.34-5.93) 0.640

Income level

Middle 0.94 (0.41-2.19) 0.893
Low 0.85 (0.34—2.16) 0.736
Diabetes mellitus 0 0.987
Alcoholism 1.21 (0.16-9.17) 0.852

HR, hazard ratio; CI, confidence interval; COPD, chronic obstructive
pulmonary disease.

tCOPD was excluded in the analysis because there was no TB case among
depression patients with COPD

*Adjusted for sex, age, income level, diabetes mellitus and alcoholism

20



% S5 SATe o slo] v =4 39S sl
A dge] 1 eclE dlEgle w654 o1 A% (HR, 6.87;
95%Cl, 2.07-22.71)% Alelstiz SAX SR F23 Afo]5 Hel
A= QslTh o A &5 Ak e s1dacle] avkar)st

Hw S w g, 65 A o]ie] A, 438 AR Aol 59 A=
9 34 Ve (36, Table6).

Table 6. Multivariable Cox regression analysis of factors associated with risk

of tuberculosis in severe depression group

Variablest HR (95%CD)=* P—value
Male sex 2.35 (1.45-3.81) 0.001
Age, years
256—34 2.51 (0.68-9.31) 0.170
35—44 2.03 (0.55—7.55) 0.290
45—54 2.83 (0.80—10.0) 0.106
55—64 2.58 (0.70—9.60) 0.156
65— 6.87 (2.07-22.7) 0.002

Income level

Middle 1.54 (0.90-2.63) 0.115
Low 0.89 (0.46-1.73) 0.740
Diabetes mellitus 1.42 (0.20—10.3) 0.727
Alcoholism 2.12 (0.89-5.04) 0.090

HR, hazard ratio; CI, confidence interval, COPD, chronic obstructive

pulmonary disease.

21



tCOPD was excluded in the analysis because there was no TB case among
depression patients with COPD

*Adjusted for sex, age, income level, diabetes mellitus and alcoholism
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Abstract

Depression and risk of
tuberculosis: A nationwide

population—based cohort study

Kyung Hyun Oh
Department of Epidemiology
The Graduate School of Public Health

Seoul National University

Background: It has been discussed that depression can increase the
risk of tuberculosis (TB) since it can have a negative impact on the
cell-mediated immunity. However, there has been little research on
the association between depression and the risk of TB. The objective
of this study was to determine the effect size of depression on the

subsequent risk of TB.

Methods: From the Korean National Health Insurance Service Sample
Cohort Database, patients with depression were collected as the

exposure cohort between 2003 and 2013. The control cohort was
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composed of the same number of subjects without any mood
disorders matched to each patient according to age and sex. The
incidence of TB was identified among the exposure cohort and the
control cohort between 2003 and 2013. Cox proportional hazards
model was used to estimate the association between depression and

the subsequent risk of TB.

Results: A total of 32,372 patients with depression and 32,372
controls were included. The incidence rate of TB in the depression
cohort was 2.63—fold (95% confidence interval, 1.74~3.96) higher
than that of the control cohort. When the depression was classified
into mild and severe sub—groups, the risk of TB was proportional to
the severity of depression. In the depression cohort, the effect size of
male sex, old age and alcohol abuse on the risk of TB became larger

when depression was severer.

Conclusions: The findings from the study suggest that patients with
depression are at a higher risk for TB and there is a dose—response

relationship between depression and the subsequent risk of TB.

Keywords : depression, tuberculosis, cohort study
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