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Objective: Cycloserine (CS) is a group B anti-tuberculosis (TB) drug endorsed by the World Health Organization (WHO) for the
treatment of drug-resistant (DR)-TB. Despite CS widespread acceptance and known efficacy, the high potential of drug-associated
psychiatric disorders is a major concern to multidrug-resistant (MDR)-TB patients. In this study, we investigated CS-associated
psychiatric disorders in a cohort of MDR-TB patients in Beijing, China. Our aim was to determine psychiatric disorder prevalence
rates and associated risk factors in this population.
Methods: This MDR-TB cohort study was conducted at Beijing Chest Hospital between February 2018 and February 2021. All patients
received individualized treatment regimens that included CS at some point during the full treatment course. Patient psychological status
was assessed using the Symptom Checklist (SCL-90) questionnaire during the post-treatment follow-up period.
Results: Two hundred and thirty-seven MDR-TB patients were included in the final analysis. Overall, psychiatric disorders were
recorded in 22 (9.28%) of the 237 patients in our cohort, with severity grades of 1 or 2 observed for the majority (8.44%) of psychiatric
adverse events. As compared to results obtained for control group patients who were ≥40 years of age, patients who were <40 years of
age (77.3%, 17/22) were more likely to experience psychiatric disorders [adjusted odds ratio (aOR) = 3.060; 95% CI (1.060–8.828)].
Additionally, patients with body mass index (BMI)s of <18.5 kg/m2 [aOR = 3.824; 95% CI (1.502–9.739)] had significantly higher
odds of being afflicted with psychiatric disorders as compared with patients with BMIs that were ≥18.5 kg/m2.
Conclusion: Our results demonstrated that approximately one-tenth of Chinese MDR-TB patients experienced psychiatric disorders
during CS treatment, with the majority of adverse events of moderate severity. In addition, low BMI and age <40 years were identified
as independent risk factors for psychiatric disorders in MDR-TB patients receiving CS therapy.
Keywords: cycloserine, multidrug-resistant tuberculosis, incidence, risk factor, psychiatric disorder

Introduction
The emergence of drug-resistant tuberculosis (DR-TB), including multidrug-resistant TB (MDR-TB), pre-extensively
drug-resistant TB (pre-XDR-TB) and extensively drug-resistant TB (XDR-TB), remains an important obstacle to
achieving TB control.1,2 Globally, an estimated 465 000 MDR-TB cases were reported in 2020, of which 69% and
87% were new and previously treated TB cases, respectively.3 Due to intrinsic drug resistance of TB bacilli to the two
most powerful anti-TB first-line drugs (FLDs), second-line drugs (SLDs), which are less efficacious, more toxic and
costlier than FLD drugs, are frequently used to treat MDR-TB.1,4 Despite widespread administration of SLDs to MDR-
TB patients, only 59% of these patients experience successful treatment outcomes.3 This low success rate may be related
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to the fact that a high proportion of SLDs-treated patients must discontinue treatment after experiencing serious adverse
events associated with use of SLDs.5,6 Therefore, successful management of MDR-TB patients is of great importance for
improving clinical outcomes and reducing MDR-TB transmission within the community.

Cycloserine (CS), a broad-spectrum antimicrobial agent that inhibits peptidoglycan biosynthesis, possesses moderate
in vitro anti-bacterial activity againstMycobacterium tuberculosis (MTB) and clinical efficacy in combating TB,7,8 resulting
in the World Health Organization (WHO) endorsement of CS for use as a core group B drug to treat MDR-TB patients.9

However, despite known efficacy and widespread acceptance of CS as a treatment for MDR-TB, potential adverse events
associated with CS use are a major concern of MDR-TB patients.10,11 Of the various CS-associated adverse events that have
been reported to date, psychiatric disorders noted most frequently have included headaches, depression and mental
disturbances.10 Importantly, serious treatment-associated adverse events have generally been reported more frequently in
individuals with histories of psychiatric disorders than in those who have never experienced psychiatric illness.12

Notably, the reported association between CS treatment and psychiatric symptoms has been attributed to CS agonistic
action on central nervous system glutamate receptors.13 In line with this proposed mechanism, rates of CS-associated adverse
events have been found to be positively linked to oral drug dose, with only minimal side effects observed at low CS doses.14

However, most of the available evidence concerning CS-associated adverse events was obtained from retrospective review of
medical records.10,15–17 Considering the prolonged duration of MDR-TB patient treatment with CS-containing regimens,
retrospective studies have undoubtedly underestimated rates of adverse events, especially of events occurring during out-
patient follow-up. To address this concern, we identified psychiatric disorders as they occurred during CS treatment of a cohort
of MDR-TB patients in Beijing, China. Our aim was to determine the prevalence rate of psychiatric disorders in this
population and identify risk factors associated with CS-associated psychiatric adverse events.

Methods
Patients
This MDR-TB cohort study was conducted at Beijing Chest Hospital between February 2018 and February 2021. All patients
received individualized therapeutic regimens during the full course of MDR therapy (MDR-TB: 13–18 months; Pre-XDR-
and XDR-TB: 24–30 months).18 Patients enrolled in this study met the following criteria: (i) MDR-TB confirmed by drug
susceptibility testing; (ii) patients aged ≥18 years; (iii) patients received regimens containing CS. Patients who reported
histories of psychiatric disorders at the first clinic visit were excluded from the study. Patient demographic and clinical
characteristics were collected using a standardized form at the time of enrollment.

After inclusion in the study, patients visited the clinic at baseline (prior to treatment), then during treatment at weeks 2 and 4
and every 4 weeks thereafter. At each visit, patients received physical examinations, routine blood counts, biochemical tests,
urinalysis testing and psychological assessments based on the Symptom Checklist (SCL-90) questionnaire. This questionnaire
was comprised of 90 items, each rated on a 5-point scale based on distress level. These items were clustered within nine
dimensions (somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, para-
noid ideation and psychoticism). The total SCL-90 score, which was based on the number of items rated positively (PST) and the
positive symptom distress index, was calculated by dividing the sum of all items by the PST score and was used to grade all
observed psychiatric disorders. Moreover, after all adverse events associated with CS administration were recorded, an expert
panel recommended whether therapy should be continued. Psychiatric disorders were classified based on symptoms of insomnia,
anxiety, depression, mania, somnolence, metism, tremor, dizzy, headache, etc. Meanwhile, the Division of Acquired
Immunodeficiency Syndrome (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events (2017.V2.1)
was used to grade adverse events based on severity,19 while treatment outcomes were defined according to WHO criteria as
cured, complete, death during treatment, failure and loss to follow-up.20 Cured and complete treatment outcomes were classified
as successful outcomes, while death, loss to follow-up and treatment failure were classified as adverse outcomes.

Statistical Analysis
All original data were entered into the database using a double data entry method. After data collection was complete, we
conducted crude and adjusted logistic regression analyses to identify and evaluate statistical significance of factors
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related to CS-associated adverse events. Variables with P values of <0.1 were introduced into multivariate model
analysis. All calculations in this study were conducted using SPSS version 20.0 for Microsoft Windows (IBM Corp.,
Armonk, NY, USA). Differences were considered significant for P < 0.05.

Results
Study Cohort
Two hundred and thirty-seven MDR-TB patients were included in our analysis, of whom 65.8% were male. Baseline
demographic and clinical characteristics are shown in Table 1. The median age of patients at time of enrollment was 39.0
years [interquartile range (IQR): 28.0–56.0]. Approximately seven-tenths of patients had histories of anti-TB treatment.
Diabetes was noted in 71 (30.0%) patients. Besides CS and bedaquiline (BDQ), the most frequently used TB drugs were
linezolid (85.7%, 203/237), clofazimine (60.8%, 144/237) and protionamide (42.6%, 101/237).

Psychiatric Disorders Associated with CS Treatment
Overall, psychiatric disorders were recorded for 22 (9.28%) of the 237 patients in our cohort. As summarized in Table 2,
the most frequent psychiatric disorder was depression (10/237, 4.22%), followed by anxiety (4/237, 1.69%) and headache
(2/239, 0.84%). Severities of most psychiatric-associated adverse events (8.44%) were grade 1 or 2, while grade 3

Table 1 Demographic and Clinical Characteristics of 237
Multidrug-Resistant Tuberculosis Patients in China

Characteristics All Patients

(N=237)

Median age (IQR)- yr 39.0(28.0–56.0)
Male sex – no. (%) 156(65.8)

Body mass index (IQR) – kg/m2 20.7(18.3–22.2)

Low BMI (<18.5 kg/m2) – no. (%) 70(29.5)
Residence

Resident 49(20.7)

Floating 188(79.3)
Prior anti-TB therapy 163(68.8)

Diabetes 71(30.0)
Background regimen – no. (%)

Cycloserine 237(100.0)

Bequiline 237(100.0)
Linezolid 203(85.7)

Clofazimine 144(60.8)

Protionamide 101(42.6)
Fluoroquinolones

Moxifloxacin 75(31.6)

Levofloxacin 82(34.6)
Delamanid 58(24.5)

Amikacin 57(24.1)

Pyrazinamide 41(17.3)
p-aminosalicylic acid 36(15.2)

Capreomycin 25(10.5)

Ethambutol 10(4.2)
Amoxicillin plus clavulanic acid 8(3.47)

Claricid 6(2.5)

Isoniazid 4(1.7)
Rifampin 2(0.8)

Abbreviation: IQR, interquartile range.
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adverse events were only noted in two patients, one with depression and one with mania. The median time to onset of
psychiatric disorders was 8 weeks (range 1–36 weeks). Half of all psychiatric disorders were observed during the 8
weeks of CS dosing, while approximately one-quarter of MDR-TB patients experienced psychiatric symptoms of
variable severity during the remainder of the 36-week treatment period (Figure 1). Notably, adverse events eventually
ceased after CS discontinuation.

Table 2 Safety and Tolerability Profile Among Chinese
Patients Enrolled in This Study

Variable All Patients (N=22)

Grade of adverse events
1 6(27.27)

2 14(63.64)
3 2(9.09)

Classification of adverse events
Depression 10(45.45)
Anxiety 4(18.18)

Headache 2(9.09)
Dizzy 2(9.09)

Tremor 1(4.55)

Mania 1(4.55)
Insomnia 1(4.55)

Somnolence 1(4.55)

Mentism 1(4.55)

Figure 1 Time to incidence of psychiatric disorders in multidrug-resistant tuberculosis patients treated with cycloserine.
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Further analysis of effects of CS discontinuation on MDR-TB patient clinical outcomes revealed that 210 (88.6%) of
237 MDR-TB patients experienced favorable outcomes after completion of anti-TB treatment. In patients with no history
of psychiatric symptoms, the treatment success rate was 87.6% (190/217), a rate comparable to that of patients with
histories of psychiatric disorders (20/22, 90.9%), with differences in the favorable outcomes rates between groups found
to be statistically insignificant (P = 1.000).

Risk Factors Associated with Psychiatric Disorders
Characteristics of patients with and without psychiatric disorders are summarized in Table 3. Based on the control group
of patients (all ≥40 years of age), our results revealed that patients <40 years of age were more likely to suffer from
psychiatric disorders [(77.3%, 17/22); AOR = 3.060; 95% CI (1.060–8.828)]. In addition, we found that patients with
BMI values <18.5 kg/m2 had significantly higher odds of being diagnosed with psychiatric disorders during CS treatment
as compared to patients with BMI values that were ≥18.5 kg/m2 [aOR = 3.824; 95% CI (1.502–9.739)]. Thus, this result
demonstrated that underweight status was an independent risk factor for psychiatric disorders in patients receiving CS-
containing treatment regimens. Although the psychiatric disorder rate of new cases was slightly lower than that of
previously treated cases, this rate difference was not statistically significant [aOR = 3.515; 95% CI (0.970–12.734)].
Moreover, no significant differences were observed between the two groups with regard to baseline results for routine
blood counts and biochemical tests (Table S1).

Table 3 Factors Associated with Psychiatric Disorders Among the Patients Enrolled in This Study

Characteristics Non-Psychiatric
Symptoms (N=215)

Psychiatric
Symptoms (N=22)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

No. Col % No. Col %

Age (year)
≥40 113 52.6 5 22.7
<40 102 47.4 17 77.3 3.767(1.341–10.576) 3.060(1.060–8.828)

BMI
>18.5 kg/m2 57 26.5 13 59.1
<18.5 kg/m2 158 73.5 9 40.9 4.004(1.624–9.870) 3.824(1.502–9.739)

Sex
Female 74 34.4 7 31.8
Male 141 65.6 15 68.2 1.125(0.439–2.880)

Residence
Resident 42 19.5 7 31.8
Floating 173 80.5 15 68.2 0.520(0.200–1.357)

Marriage status
Single 97 45.1 7 31.8
Married 118 54.9 15 68.2 1.762(0.691–4.494)

Drinking history
No 175 81.4 19 86.4
Yes 40 18.6 3 13.6 0.691(0.195–2.448)

Smoking history
No 146 67.9 14 63.6
Yes 69 32.1 8 36.4 1.209(0.484–3.018)

Prior anti-TB therapy
No 71 33 3 13.6
Yes 144 67 19 86.4 3.123(0.894–10.903) 3.515(0.970–12.734)

Diabetes
No 153 71.2 13 59.1
Yes 62 28.8 9 40.9 1.708(0.695–4.201)

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body weight index.
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Discussion
When administered together with clofazimine, CS is an important group B treatment option for DR-TB patients.18,21

However, varying incidence rates of psychiatric events have been reported in groups of patients during treatment with
CS-containing regimens.10 In this study, our results revealed that 22 of 237 patients (9.28%) experienced psychiatric
disorders during the treatment period, a higher rate than reported in a previous meta-analysis conducted by Hwang et al,
which revealed an estimated overall CS-associated psychiatric adverse reaction rate of 5.7%.10 Meanwhile, rates of CS-
associated psychiatric symptoms have been reported to vary greatly across studies, ranging from 0.0% in Iran to 30.8% in
UK.22,23 Such diverse results may stem from heterogeneity of criteria used to define adverse events, as well as from
differences related to ethnic differences across study populations. However, in a recent cohort study from China,
psychiatric symptoms were recorded in 4.3% of MDR-TB patients receiving CS regimens,15 a rate that was significantly
lower than the rate observed in our cohort (9.28%). We hypothesize that this disparity stems from the retrospective design
of the previous study that, as an inherent methodological weakness, led to documentation of predominantly serious
adverse events (especially severe events), resulting in underestimation of drug-associated adverse events. Thus, our data
provide a more accurate estimate of the overall incidence of CS-associated psychiatric adverse events in the Chinese
population by reporting less severe adverse events in addition to serious and severe events.

Although approximately one-tenth of MDR-TB patients receiving CS therapy experienced psychiatric symptoms,
only a few symptoms (9.1%) were classified as severe adverse events. This rate was dramatically lower than a previously
reported rate based on nationwide data in China (29.6%),22 as well as a rate found in a retrospective observational study
in Zhejiang whereby 37 (28.0%) of 132 CS group patients experienced severe adverse events.17 There are several
potential explanations for the disparity between our results and results of those studies. On the one hand, psychological
assessments of MDR-TB patients were routinely conducted in our study prior to initiation of CS therapy, which may have
resulted in exclusion of the psychiatrically vulnerable population as the likely explanation for the decreased rate of severe
adverse events in our study. On the other hand, our CS pilot study was conducted in a tertiary care hospital with adequate
resources and clinicians to monitor and support MDR-TB patients during outpatient follow-up. Such support would have
improved patient access to high-quality medical care that may have prevented or mitigated single or multiple adverse
events, as demonstrated in previous studies showing that poor adherence to therapy and discontinuation of treatment
contributed to poor MDR-TB patient outcomes.24 Nevertheless, in our study outcomes of patients who experienced CS-
associated adverse events and associated treatment cessation were comparable to outcomes of patients without CS-
associated adverse events, thus indicating vastly different treatment durations between groups did not influence treatment
outcomes. We attribute these results to the excellent efficacy of Group A drugs such as bedaquiline and linezolid in
combating MDR-TB. Nonetheless, these results highlight the fact that TB treatment should be comprehensive and guided
by unique patient characteristics and results of drug susceptibility testing and whole-genome sequencing.25 In the
meantime, researchers must continue to strive to meet the relentless demand for novel antibiotics to eliminate drug-
resistant tubercle bacilli.

We noted that psychiatric disorders occurred more frequently in patients with low BMI values. This observation may
be explained by the lower total tissue volumes of patients with low BMI values that may lead to higher CS blood plasma
levels at a given drug dose. Thus, monitoring of plasma drug concentrations of MDR-TB patients throughout the course
of drug therapy is extremely important. In addition, half of psychiatric disorders of patients in our cohort were detected
after 8 weeks of CS therapy. In view of existing evidence, this result may be explained based on possible CS
accumulation to relatively high concentrations in adipose tissue after several weeks of treatment, thereby resulting in
increased plasma levels of CS in patients with low BMI values and delayed onset of CS-triggered adverse events.
Nonetheless, further pharmacokinetics research is urgently needed to validate our hypothesis.

Importantly, we also found an association between young middle-aged subjects (aged <40 years) and increased
incidence of psychiatric disorders. This population, which has played a key role in the economic development of China,
has been shown to have experienced technostress in a Chinese cross-sectional study, which demonstrated a positive
association between employee age and technostress for employees who were ≤45 years of age.26 Similar results were
reported in a Finnish survey which showed that middle-aged employees were most stressed about career planning.27 In
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addition to work-related stresses, despite their access to health insurance coverage, MDR-TB patients still have to cope
with added medical treatment costs and lost wages during treatment. Therefore, we speculate that underlying psycho-
logical stress may synergize with CS to increase rates of psychiatric symptoms in patients treated with CS. Thus, more
attention should be paid to monitoring of populations of young and middle-aged workers under CS treatment.

We also acknowledge several obvious limitations of the present study. First, this was a single-center study with
a relatively small sample size, with both of these limitations weakening the strength of our conclusion. Thus, further
studies based on large numbers of study subjects at multiple centers are urgently needed to validate our results. Second,
although the results of this study demonstrated an association between low BMI and psychiatric disorders in MDR-TB
patients treated with CS-containing regimens, blood plasma concentrations of CS were not measured, thus making it
difficult to elucidate the mechanisms underlying this phenomenon. Finally, human–computer interface-based tools have
shown promise in preventing psychiatric symptoms in vulnerable populations.28 However, it is unknown whether this
novel technology could provide significant relief to patients suffering from CS-associated psychiatric disorders, espe-
cially since established psychological interventions are required to best assist these patients. Despite these limitations, our
results provide much more accurate estimates of incidence rates of CS-associated psychiatric adverse events in the
Chinese population as compared to results of previously reported studies.

In conclusion, our data demonstrate that approximately one-tenth of Chinese MDR-TB patients experienced psy-
chiatric disorders during the CS treatment period, with the majority of adverse events found to be of moderate severity.
Importantly, psychiatric disorders occurred more frequently in patients with low BMI and those <40 years of age. These
results suggest that close monitoring of patients to detect psychiatric adverse events is important for improving treatment
outcomes of patients under treatment for MDR-TB, especially for patients in vulnerable populations.

Ethics Approval and Consent to Participate
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