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ABSTRACT
Background: Inflammatory responses from chronic 
infection might affect the brain and increase the 
risk of depressive disorder. However, the temporal 
association between chronic infection (eg, 
tuberculosis [TB]) and incident depressive disorder 
has not been prospectively evaluated.

Objective: To determine the association of 
pulmonary tuberculosis (PTB) and anti-TB drugs 
with incident depressive disorder (ICD-9-CM codes 
296.2x–296.3x, 300.4, and 311.x).

Method: From January 1, 2000, we identified 
adult patients with PTB from the Taiwan National 
Health Insurance Research Database. A control 
cohort without PTB, matched for age (± 5 years), 
sex, comorbidities, and income level, was selected 
for comparison. The 2 cohorts were followed until 
December 31, 2011, and observed for occurrence 
of depressive disorder.

Results: Of the 23,145 patients (4,629 study 
patients and 18,516 matched controls), 302 
(1.3%) had depressive disorder during a mean 
follow-up period of 6.53 years, including 79 study 
patients (1.71%) and 223 controls (1.20%). After 
adjusting for age, sex, comorbidities, and income 
level in the Cox proportional hazards model, PTB 
was found to be an independent risk factor of 
incident depressive disorder (adjusted hazard ratio 
[HR], 1.74; 95% CI, 1.35–2.25). The risk of incident 
depressive disorder was significantly higher 
(adjusted HR, 2.54; 95% CI, 1.19–5.45) in patients 
with TB who received more than 60 defined daily 
doses (DDDs) of ethambutol, and the effect was 
dose-dependent.

Conclusions: PTB patients had a higher risk of 
incident depressive disorder, particular in those 
with an ethambutol dose of more than 60 DDDs. 
Depressive disorder should be sought in patients 
following tuberculosis.
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Depressive disorder is a leading cause of disability worldwide.1 
Accumulating evidence from human and animal studies indicates 

that activation of inflammatory reactions can induce symptoms of 
depressive disorder.2–4 Proinflammatory cytokines such as interferon-γ and 
tumor necrosis factor-α might affect development of depressive disorder by 
regulating neuronal excitability, synaptic transmission, synaptic plasticity, 
and neuronal survival.2,3,5

Tuberculosis (TB) is a chronic infectious disease that is prevalent 
throughout the world. A large proportion of TB patients have depressive 
disorder, which could hamper their adherence to TB treatment.6 However, 
few studies have investigated whether TB infection is associated with 
incident depressive disorder.6–8 Tuberculosis and depressive disorder share 
many risk factors (eg, poverty and homelessness)6 that could partially 
explain the high prevalence of comorbid depressive disorder in TB patients. 
In addition, certain anti-TB medications—isoniazid, ethambutol, and 
rifampin—were found to be associated with the development of mental 
illness.6 Therefore, to determine if TB infection is independently associated 
with incident depressive disorder, we conducted a nationwide, population-
based cohort study of the risk of depressive disorder in people with and 
without TB.

METHOD
Data Source

In this nationwide cohort study, we analyzed patient data obtained 
from the National Health Insurance Research Database (NHIRD), which 
is managed by the Taiwan National Health Research Institutes. The NHIRD 
can be found at http://nhird.nhri.org.tw/en/index.htm and is provided to 
scientists for research purposes. The NHIRD contains health care data from 
more than 99% of the population in Taiwan.9 In the NHIRD, the accuracy 
of diagnoses of major diseases such as diabetes mellitus and cerebrovascular 
disease has been well validated.10,11 This study was approved by the 
institutional review board of Taipei City Hospital.

Study Subjects
In this cohort study, we selected subjects who were aged 20 years or older 

and were newly diagnosed with pulmonary TB (PTB) between January 
1, 2000, and December 31, 2010. The diagnosis of new PTB required the 
presence of ICD-9-CM code 010, 011, 012, or 018 plus prescription of at 
least 2 anti-TB drugs (eg, isoniazid, ethambutol, rifampin, pyrazinamide).12 
Patients who had received a diagnosis of depressive disorder (ICD-9-CM 
codes 296.2x–296.3x, 300.4, and 311.x) or bipolar disorder (ICD-9-CM 
codes 296.0, 296.1, 296.4, 296.5, 296.6, 296.7, 296.8, 296.80, and 296.89) 
before the TB diagnosis were excluded.

The control group was matched by age (± 5 years), sex, year of 
enrollment, income level, and comorbidities, including diabetes (ICD-9 
code 250), coronary artery disease (ICD-9 code 411–414), congestive 
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heart failure (ICD-9 code 428.0), cerebrovascular disease 
(ICD-9 code 430–437, excluding 432), cancer (ICD-9 code 
140–208), and chronic kidney disease (ICD-9 code 580–
587). Four controls were randomly selected for each PTB 
patient.13,14 A person was considered to have a comorbidity 
only if the condition occurred in an inpatient setting or 2 or 
more outpatient visits.15 Control subjects were excluded if 
they had received a diagnostic code for PTB or preexisting 
depressive or bipolar disorder before inclusion in the study. 
Both the exposure and control groups were followed until a 
diagnosis of depressive disorder, death, withdrawal from the 
National Health Insurance system, or December 31, 2011.

Variables and Measures
The outcome depressive disorder was defined as ICD-

9-CM codes 296.2x–296.3x, 300.4, and 311.x16 plus a 
psychiatrist-assigned diagnosis. The prescribed daily dose 
of anti-TB drugs was expressed as defined daily dose (DDD) 
in this study, according to the Anatomic Therapeutic 
Chemical Classification/Defined Daily Doses (ATC/DDD) 
system.17 Income level, an indicator of the socioeconomic 
status of the study subjects, was calculated from the average 
monthly income (New Taiwan dollar) of the insured person 
and grouped into 3 levels: low (≤ NT$20,000) (US $635), 
intermediate (NT$20,000 to < NT$40,000) (US $635 to 
< $1,270), and high (≥ NT$40,000) (US ≥ $1,270).

Statistical Analysis
First, the demographic data of the study subjects were 

analyzed. Continuous data are presented as mean (SD), 
and the t test was used for comparisons between groups. 
Categorical data were analyzed by the Pearson χ2 test where 
appropriate.

To identify independent risk factors for depressive 
disorder, a Cox proportional hazards model was used 
to calculate hazard ratios (HRs) and 95% confidence 
intervals (CIs) after adjusting for age, sex, income level, and 
comorbidities, including diabetes, coronary artery disease, 
congestive heart failure, cerebrovascular disease, cancer, and 
chronic kidney disease. The assumption of proportional 
hazards was confirmed by plotting the graph of the survival 
function versus survival time and the graph of the log (−log 
[survival]) versus the log of survival time.

A Cox proportional hazards model was also used to 
evaluate the effects of anti-TB drugs on the development of 
depressive disorder among PTB patients. The multivariate-
adjusted HR for depressive disorder was calculated, and a 

2-tailed P value of less than .05 was considered to indicate 
statistical significance.

To examine the robustness of the main findings, sensitivity 
analyses were conducted after stratifying study subjects by 
sex, age, comorbidities, income level, and treatment regimen, 
according to the sample size of each subgroup. All data 
management and analyses were performed using the SAS 
9.3 software package (SAS Institute; Cary, North Carolina).

RESULTS
Participant Selection

We identified 4,983 individuals who had received a new 
diagnosis of PTB during the period from January 1, 2000, 
through December 31, 2010. After excluding those younger 
than 20 years (n = 180), those with antecedent depressive 
disorder (n = 169), and those with antecedent bipolar 
disorder (n = 5), the remaining 4,629 patients were included 
in the PTB group. Another 18,516 subjects without PTB were 
randomly selected for the control group. The overall mean 
(SD) age was 59.7 (18.2) years, and 62.9% of the subjects in 
the PTB group were male. Mean (SD) follow-up time was 
5.46 (3.53) years in the PTB cohort and 6.80 (3.54) years 
in the control group. The demographic characteristics and 
comorbidities of the 2 groups are shown in Table 1. The PTB 
patients were slightly older than the control group (59.7 vs 
58.2 years). There were no significant differences in sex, 
comorbidities, or income level between the 2 groups.

Incidence Rate of Depressive Disorders  
in PTB and Control Group

During the study follow-up period, 302 individuals had 
new onset of depressive disorder, including 79 study patients 
(1.71%) and 223 controls (1.20%). The incidence rate of 
depressive disorder per 1,000 person-years was 3.13 in the 
PTB patients and 1.77 in the control group (P < .001). The 
incidence risk ratio (IRR) of depressive disorder between 
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 ■ Pulmonary tuberculosis was an independent risk factor for 
incident depressive disorder.

 ■ An ethambutol dose of more than 60 defined daily doses 
increased the risk of incident depressive disorder in a dose-
dependent manner.

Table 1. Characteristics of Patients With Pulmonary 
Tuberculosis and Matched Controls

Characteristic

Pulmonary 
Tuberculosis 
(n = 4,629) 

Control 
(n = 18,516) P Value

Age, mean (SD), y 59.7 (18.2) 58.2 (18.0) < .001
< 65 y 2,450 (52.9) 10,310 (55.7) .001
≥ 65 y 2,179 (47.1) 8,206 (44.3)

Sex, n (%)
Female 1,409 (30.4) 5,636 (30.4) 1
Male 3,220 (69.6) 12,880 (69.6)

Follow-up, mean (SD), y 5.46 (3.53) 6.80 (3.54) < .001
Comorbidity, n (%)

Diabetes 1,251 (27.0) 5,004 (27.0) 1
Cancer 1,022 (22.7) 4,088 (22.1) .999
CKD 645 (13.9) 2,589 (13.9) 1
CHF 356 (7.7) 1,424 (7.7) .998
CAD 1,330 (28.7) 5,320 (28.7) 1
CVD 1,005 (21.7) 4,020 (21.7) 1

Income level, n (%)
Low 3,632 (78.5) 14,528 (78.5) 1
Intermediate 795 (17.2) 3,180 (17.2)
High 202 (4.4) 808 (4.4)

Abbreviations: CAD = coronary artery disease, CHF = congestive heart 
disease, CKD = chronic kidney disease, CVD = cerebral vascular disease.
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Figure 1. Kaplan-Meier Curves for Time to Diagnosis of Incident  
Depressive Disorder in Patients With Pulmonary Tuberculosis and  
Control Subjects in Taiwana

aLog-rank test: P value < .001.
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the PTB and control groups was 1.76 (95% CI, 1.36–2.28; P < .001). Time to 
diagnosis of incident depressive disorder was significantly shorter in people 
with PTB than in the control group (P < .001, log rank test; Figure 1).

Among 4,629 PTB patients, 26 of 1,932 PTB patients treated ≤ 6 months 
and 53 of 2,698 PTB patients treated > 6 months had new onset of depressive 
disorder, which corresponds to the incidences of depressive disorder of 
2.76 and 3.35 per 1,000 person-years, respectively. Comparing with control 
group, the incidence risk ratio of depressive disorder in PTB patients treated 
≤ 6 months and > 6 months were 1.56 (95% CI, 1.04–2.34; P = .03) and 1.89 
(95% CI, 1.40–2.55; P < .001), respectively.

Risks Factors for Depressive Disorder  
in Patients With and Without PTB

A Cox proportional hazards model was 
used to identify independent risk factors for 
depressive disorder. After we adjusted for age, 
sex, comorbidities, and income level, the risk 
of depressive disorder was significantly higher 
in the PTB group (adjusted HR [AHR], 1.74; 
95% CI, 1.35–2.25; P < .001) than in the control 
group (Table 2). Additionally, coronary artery 
disease was independently associated with 
depressive disorder (AHR, 1.72; 95% CI, 
1.31–2.26).

Sensitivity Analysis for the Association 
Between PTB and Depressive Disorders

Figure 2 shows the result of sensitivity 
analysis of the association between PTB 
and depressive disorder after patients were 
stratified by age group, sex, comorbidities, and 
income level. Pulmonary tuberculosis was a 
significant risk factor for depressive disorder 
in all patient subgroups except patients with 
cancer or congestive heart disease and those 
with an intermediate income level.

Effects of Anti-TB Drugs on Incident 
Depressive Disorder Within PTB Patients

In multivariate analysis of the effects of 
anti-TB drugs on incident depressive disorder 
within PTB patients, the risk of depressive 
disorder was significantly higher in patients 
taking ethambutol (AHR, 2.17; 95% CI, 
1.25–3.78) than in those not receiving the 
drug, after adjusting for demographic factors, 
comorbidities, income level, and treatment 
regimen (Table 3).

Incidence Rate of Depressive Disorders in 
PTB Patients Receiving Different Defined 
Daily Doses of Ethambutol

Among the 79 PTB patients with new-
incident depressive disorder, 61 did not 
receive ethambutol, 2 received 1 to 60 DDDs 
of ethambutol, 8 received 61 to 180 DDDs of 
ethambutol, and 8 received more than 180 
DDDs of ethambutol. The corresponding 
incidence rates were 2.70, 2.03, 7.84, and 12.16 
per 1,000 person-years.

Dose-Response Relationship Between 
Ethambutol and Risk of Depressive 
Disorder

The dose-response relationship between 
ethambutol and risk of depressive disorder 
was evaluated in the above-mentioned groups. 
Figure 3 shows that the risk of depressive 

Table 2. Univariate and Multivariate Analyses of Risk Factors for Depressive 
Disorders in Patients With and Without Pulmonary Tuberculosis

Characteristic n

Depressive 
Disorder,  

n (%)

 HR (95% CI)

Univariate Analysis 
Multivariate 

Analysis 
Pulmonary tuberculosis

No 18,516 223 (1.20) 1 1
Yes 4,629 79 (1.71) 1.72 (1.33–2.22)*** 1.74 (1.35–2.25)***

Age, y
< 65 12,760 170 (1.33) 1 1
≥ 65 10,385 132 (1.27) 1.08 (0.86–1.36) 0.80 (0.61–1.13)

Sex
Female 7,045 102 (1.45) 1 1
Male 16,100 200 (1.24) 0.91 (0.71–1.15) 0.89 (0.70–1.13)

Comorbidity
Diabetes 6,255 91 (1.45) 1.24 (0.97–1.59) 1.16 (0.90–1.49)
Cancer 5,110 59 (1.15) 1.07 (0.80–1.42) 0.99 (0.75–1.34)
CKD 3,225 45 (1.40) 1.27 (0.92–1.74) 1.12 (0.81–1.56)
CHF 1,780 14 (0.79) 0.78 (0.45–1.33) 0.58 (0.33–1.01)
CAD 6,650 108 (1.62) 1.65 (1.30–2.09)*** 1.72 (1.31–2.26)***
CVD 5,025 73 (1.45) 1.38 (1.06–1.80)* 1.25 (0.93–1.68)

Income level
Low 18,160 254 (1.40) 1 1
Intermediate 3,975 40 (1.01) 0.70 (0.50–0.97)* 0.72 (0.51–1.01)
High 1,010 8 (0.79) 0.52 (0.26–1.05) 0.54 (0.26–1.09)

*P < .05.
***P < .001.
Abbreviations: CAD = coronary artery disease, CHF = congestive heart disease, 

CKD = chronic kidney disease, CVD = cerebral vascular disease, HR = hazard ratio.



© 2015 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. © 2015 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. e508     J Clin Psychiatry 76:4, April 2015

Yen et al

aValues greater than 1.0 indicate increased risk.
Abbreviations: AHR = adjusted hazard ratio, CAD = coronary artery disease, CHF = congestive heart disease, CKD = chronic kidney disease, 

CVD = cerebral vascular disease.

Figure 2. Sensitivity Analysis of the Association Between Pulmonary Tuberculosis and Depressive Disorder in Patient 
Subgroups After Adjustment for Patient Demographics, Comorbidities, and Income Level

Decreased 
Risk

Increased
Risk

Study Subgroup AHR (95% CI)a

Total patients (N = 23,145) 1.74 (1.35–2.25)

Male patients  (n = 7,045) 1.79 (1.30–2.46)

Female patients (n = 16,100) 1.65 (1.06–2.56)

Aged ≥ 65 y (n = 10,385) 2.22 (1.51–3.28)

Aged < 65 y (n = 12,760) 1.49 (1.05–2.11)

Diabetes patients (n = 6,255) 1.66 (1.00–2.74)

Patients without diabetes (n = 16,890) 1.83 (1.35–2.47)

Cancer patients (n = 5,110) 1.61 (0.88–2.95)

Patients without cancer (n = 18,035) 1.78 (1.34–2.37)

CKD patients (n = 3,225) 2.56 (1.36–4.88)

Patients without CKD (n = 19,920) 1.63 (1.23–2.16)

CHF patients (n = 1,780) 2.06 (0.56–7.63)

Patients without CHF (n =21,365) 1.74 (1.34–2.26)

CAD patients (n = 6,650) 1.90 (1.23–2.94)

Patients without CAD (n = 16,495) 1.67 (1.21–2.30)

CVD patients (n = 5,025) 2.41 (1.44–4.03)

Patients without CVD (n = 18,120) 1.57 (1.17–2.12)

Patients with low level of insurable wage (n = 18,160) 1.83 (1.38–2.41)

Patients with median level of insurable wage (n = 3,975) 1.78 (0.89–3.57)
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disorder was significantly higher among patients receiving 
61 to 180 DDDs (AHR, 2.56; 95% CI, 1.20–5.48) and 
more than 180 DDDs (AHR, 4.33; 95% CI, 1.99–9.39) of 
ethambutol. The risk of developing a depressive disorder 
increased as ethambutol dose increased (AHR, 1.60; 95% 
CI, 1.26–2.02).

Sensitivity Analysis for the  
Dose-Response Relationship Between  
Ethambutol and Risk of Depressive Disorder

Figure 3 presents the results of sensitivity analysis for the 
dose-response relationship between ethambutol and incident 
depressive disorder in PTB patients after stratifying patients 
by age, sex, and treatment regimen. Cox regression analysis 
showed a significant dose-response relationship between 
ethambutol dose and incident depressive disorder in patients 
aged 65 years or older, men, and patients receiving isoniazid, 
rifampin, or pyrazinamide.

Risk of Depressive Disorder in TB Patients Who Did and 
Did Not Receive Ethambutol

The risk of incident depressive disorder in relation 
to ethambutol use was evaluated among PTB patients, as 
compared with the corresponding control groups. The Cox 
proportional hazards model revealed that, after adjusting for 
age, sex, comorbidities, and income level, the risk of incident 
depressive disorder was significantly increased both among 

PTB patients who had received ethambutol (AHR, 3.78; 95% 
CI, 2.08–6.89) and those who had not (AHR, 1.51; 95% CI, 
1.12–2.00).

DISCUSSION
This is the first longitudinal study of the temporal 

association between PTB infection and incident depressive 
disorder. The results show that, as compared with controls, 
PTB patients had a higher risk for developing depressive 
disorder, after adjustments for demographic data, 
comorbidities, and income level. In addition, an ethambutol 
dose greater than 60 DDDs was associated with a dose-
dependent increase in the risk of incident depressive disorder 
among PTB patients. However, the association of PTB 
infection and incident depressive disorder was significant 
even among PTB patients who did not take ethambutol.

Recently, the link between infection and later 
development of depressive disorder has received much 
attention.2,3 However, to our knowledge, this temporal 
association was investigated in only 2 longitudinal 
studies,18,19 both of which were nationwide, population-
based studies. The findings suggest that the risk of incident 
depressive disorder is higher in people with a history of 
sepsis18 or herpes zoster infection.19 However, those studies 
defined history of infection according to crude diagnosis, 
without confirmation by treatment regimen,18,19 and 1 
did not adequately control for potential confounders (eg, 
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Table 3. Univariate and Multivariate Analyses of Risk Factors for Depressive 
Disorders Among Patients With Pulmonary Tuberculosis

Characteristic n

Depressive 
disorders,  

n (%)

HR (95% CI)
Univariate 

analysis 
Multivariate 

analysis 
Age, y

< 65 2,450 43 (1.76) 1 1
≥ 65 2,179 36 (1.65) 1.38 (0.89–2.16) 0.95 (0.56–1.60)

Sex
Female 1,409 27 (1.92) 1 1
Male 3,220 52 (1.61) 0.93 (0.58–1.48) 0.82 (0.51–1.32)

Comorbidity
Diabetes 1,251 20 (1.60) 1.06 (0.64–1.76) 0.87 (0.52–1.47)
Malignant neoplasma 1,022 14 (1.37) 0.99 (0.55–1.76) 0.82 (0.46–1.49)
CKD 645 14 (2.17) 1.80 (1.01–3.21) 1.54 (0.84–2.84)
CHF 356 3 (0.84) 0.77 (0.24–2.46) 0.49 (0.15–1.61)
CAD 1,330 28 (2.11) 1.83 (1.15–2.91)* 1.50 (0.87–2.57)
CVD 1,005 21 (2.09) 2.01 (1.22–3.33)** 1.60 (0.91–2.82)

Income level
Low 3,632 68 (1.87) 1 1
Intermediate 795 11 (1.38) 0.72 (0.38–1.36) 0.79 (0.41–1.52)
High 202 0 … …

Antituberculosis drugs
Isoniazid 4,089 68 (1.66) 0.90 (0.48–1.70) 1.18 (0.57–2.43)
Rifapime 4,263 71 (1.67) 0.85 (0.41–1.77) 0.87 (0.39–1.91)
Pyrazinamide 3,731 59 (1.58) 0.80 (0.48–1.34) 0.82 (0.46–1.46)
Ethambutol 666 18 (2.70) 2.36 (1.39–4.00)** 2.17 (1.25–3.78)**
Streptomycin 440 13 (2.95) 2.04 (1.12–3.69)* 1.80 (0.94–3.43)
Kanamycin 121 5 (4.13) 2.40 (0.97–5.93) 2.16 (0.84–5.57)
Prothionamide 68 4 (5.88) 2.94 (1.08–8.05)* 1.93 (0.63–5.93)

*P < .05.
**P < .01.
Abbreviations: CAD = coronary artery disease, CHF = congestive heart disease, 

CKD = chronic kidney disease, CVD = cerebral vascular disease, HR = hazard ratio.

comorbidities and socioeconomic status).18 Clearly, more 
studies are needed.

After we controlled for comorbidities and income level, 
the risk of depressive disorder was higher after a PTB 
diagnosis in the present study. The association between 
PTB and incident depressive disorder was strong in 
analysis stratified by age, sex, comorbidities, and income 
level. Pulmonary tuberculosis increased the risk of incident 
depressive disorder in all subgroups except patients 
with cancer or congestive heart disease and those with 
intermediate incomes.

Activation of indoleamine 2,3-dioxygenase (IDO) might 
explain the increased risk of depressive disorder in patients 
after a PTB diagnosis. TB is a chronic inflammatory disease 
that results in the release of proinflammatory cytokines 
such as interleukin-1β, interferon-γ, and tumor necrosis 
factor-α. These proinflammatory cytokines can activate 
IDO, which degrades tryptophan, an essential amino acid 
that is the limiting factor in serotonin synthesis.2,3 Because 
IDO is expressed in the brain,2,3 the increased enzymatic 
activity of IDO may substantially decrease serotonin 
biosynthesis, resulting in the development of depressive 
disorder. Moreover, when the enzymatic activity of IDO 
increases, IDO degrades tryptophan into quinolinic acid, 
a neurotoxic metabolite that acts as an agonist to the 
N-methyl-d-aspartate (NMDA) glutamate receptor.2 The 
increased level of NMDA agonists in the brain can accelerate 
development of depressive disorder.20 A recent study 
supported this immune hypothesis: levels of quinolinic 

acid in the subgenual anterior cingulate cortex and anterior 
midcingulate cortex were significantly higher in patients 
with acute depression than in control patients.21

In the present study, patients receiving more than 60 
DDDs of ethambutol had a higher risk of incident depressive 
disorder, and the relationship between ethambutol dose and 
incident depressive disorder was dose dependent, as indicated 
by analysis of patients grouped by ethambutol dose. After 
stratification according to age, sex, and treatment regimen, 
the dose-response relationship was statistically significant 
in patients aged 65 years or older, men, and patients taking 
isoniazid, rifampin, or pyrazinamide.

The presence of prolonged inflammation and more 
severity might explain the increased risk of incident 
depressive disorder in patients receiving more than 60 DDDs 
of ethambutol. Ethambutol is often prescribed in the first 2 
to 6 months of TB treatment.22 However, the duration of 
ethambutol treatment might be extended by more than 6 
months for drug-resistant mycobacterium TB (MTB) (eg, 
by 6 months for isoniazid-resistant MTB and by 12–18 
months for rifampin-resistant MTB).23,24 In this study, we 
found that 13.3% of the patients receiving 61 to 180 DDDs 
of ethambutol and 16.8% of patients receiving more than 180 
DDDs of ethambutol received second-line anti-TB drugs; 
however, only 11.7% of patients not taking ethambutol 
received such drugs. Second-line anti-TB drugs are often 
prescribed for drug-resistant TB, which can cause prolonged 
inflammation and thus might increase the risk of incident 
depressive disorder among PTB patients. 
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aValues greater than 1.0 indicate increased risk. 
Abbreviation: AHR = adjusted hazard ratio.

Figure 3. Sensitivity Analysis of the Dose-Response Relationship Between Ethambutol Dose (defined daily dose [DDD]) and 
Risk of Depressive Disorder Among Patients With Pulmonary Tuberculosis

Study Subgroup AHR (95% CI)a

Total patients (n = 4,629)
  DDD, 1–60 0.63 (0.15–2.59)
  DDD,  61–180 2.56 (1.20–5.48)
  DDD,  >180 4.33 (1.99–9.39)
  Dose-response relationship 1.60 (1.26–2.02)

Aged ≥65 y (n = 2,179)
 DDD,  1–60 0.61 (0.08–4.65)
  DDD, 61–180 3.45 (1.35–8.83)
  DDD, >180 6.66 (2.50–17.76)
  Dose-response relationship 1.87 (1.38–2.53)

Aged <65 y (n = 2,450)
  DDD, 1–60 0.67 (0.09–4.98)
  DDD, 61–180 1.57 (0.37–6.64)
  DDD, >180 1.95 (0.45–8.43)
  Dose-response relationship 1.22 (0.80–1.86)

Male patients (n = 3,220)
  DDD, 1–60 0.80 (0.19–3.38)
  DDD, 61–180 2.20 (0.84–5.79)
  DDD, >180 6.05 (2.66–13.75)
  Dose-response relationship 1.73 (1.32–2.26)

Patients taking isoniazid treatment (n = 4,809)
  DDD, 1–60 0.78 (0.19–3.23)
  DDD, 61–180 2.17 (0.85–5.52)
  DDD, >180 6.04 (2.77–13.17)
  Dose-response relationship 1.70 (1.33–2.19)

Patients taking rifampin treatment (n = 4,263)
  DDD, 1–60 0.71 (0.17–2.95)
  DDD, 61–180 2.95 (1.37–6.35)
  DDD, >180 4.69 (2.15–10.25)
  Dose-response relationship 1.67 (1.32–2.11)

Patients taking pyrazinamide treatment (n = 3,731)
  DDD, 1–60 0.81 (0.20–3.38)
  DDD, 61–180 1.72 (0.61–4.90)
  DDD, >180 5.95 (2.45–14.47)
  Dose-response relationship 1.63 (1.22–2.16)
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The present study has some limitations. First, detailed 
personal information (eg, physical disability) and 
socioeconomic status (eg, low education) was not available. 
Previous cross-sectional studies suggest that these factors 
are associated with depressive disorders.7,8 To minimize 
these confounding factors in the present study, major 
comorbidities were matched between PTB patients and the 
controls. In addition, income level was used to represent 
socioeconomic status, although this may not have resulted in 
adequate adjustment for unmeasured confounding. Second, 
this study included only patients who had contacts with 
health care facilities during the study follow-up period. As a 
result, if PTB or depressive patients had no hospital contacts, 
they were not included in this analysis. However, Taiwan 
has initiated universal health insurance to assure patients’ 
accessibility to health care since 199525; more than 99% of 
the population was covered under the program in Taiwan.9 
Therefore, underdiagnosis of depressive disorder or PTB, if it 
occurred in this study, would not likely be a major bias in this 

analysis. Finally, the present study population was limited 
to ethnic Chinese. Whether the present findings can be 
generalized to other ethnic groups remains to be determined. 
The strengths of this study are that it was a nationwide PTB 
cohort with a comparable control group and was thus able to 
evaluate the impact of PTB infection on incident depressive 
disorder.

In conclusion, this was the first cohort study of the temporal 
association between PTB infection and depressive disorder. 
Our results suggest that PTB infection is an etiologic factor 
in subsequent depressive disorder. Moreover, PTB patients 
who received more than 60 DDDs of ethambutol had a dose-
dependent increase in the risk of incident depressive disorder. 
Because depressive disorder is a modifiable illness that is 
amenable to treatment, clinicians should carefully monitor 
TB patients for symptoms of incident depressive disorder, 
with particular attention to those receiving treatment with 
ethambutol. The incident depressive disorder should be 
evaluated carefully in patients following tuberculosis.
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