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Abstract

Comorbidity of tuberculosis (TB) and depression may lead to delayed TB treatment initiation. A
cross sectional study was conducted between January and December 2019 to examine the
association between depression and delayed TB treatment initiation among newly diagnosed TB
patients in Botswana. We used the Patient Health Questionnaire-9 and the ZUNG self-rating
anxiety scale to assess depressive and anxiety symptoms, respectively. Delayed TB treatment was
defined as experiencing common TB symptoms for more than 2 months before treatment
initiation. We used Poisson regression models with robust variance to assess the association
between covariates and delayed treatment initiation. Majority of the enrolled 180 study
participants were males (n =116, 64.4%). Overall, 99 (55%) were co-infected with HIV;
depression and anxiety symptoms were reported by 47.2% and 38.5% of the participants
respectively. The prevalence of delayed TB treatment was 42.6% and 18.8% among participants
who indicated symptoms of depression and among participants without depression respectively.
After adjusting for age, HIV status, gender and anxiety symptoms, depression was still associated
with delayed TB treatment (adjusted prevalence ratio [aPR] = 2.09; 95% CI = 1.23-3.57).
Integrating management of depressive symptoms during TB treatment may help in improving
overall TB treatment outcomes.
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Introduction

Tuberculosis is the leading cause of morbidity and mortality due to an infectious disease
worldwide accounting for 2.0% of the global disease burden (Murray et al., 2012; World
Health Organisation, 2019b). Botswana has one of the highest burdens of TB per capita in
the world, the notification rate being 275 per 100,000 population (World Health
Organisation, 2019a).

Depression is the most common comorbid psychiatric disorder among patients with TB
(Ambaw et al., 2017; Doherty et al., 2013). A World Health Survey conducted in 48 LMICs
reported that the prevalence of depressive episodes among those with and without TB was
23.7% and 6.8%, respectively (Koyanagi et al., 2017). However, depression is often under
recognised because of the overlap of the core symptoms of TB and depression. Moreover,
clinicians may attribute depressive symptoms to normal stress reactions to being diagnosed
with TB (Sweetland et al., 2017). Previous research has reported depression rates ranging
from 40% to 60% among African populations of patients with TB (Ambaw et al., 2017;
Dasa et al., 2019; Ige & Lasebikan, 2011; Kehbila et al., 2016). A recently published
scoping review on comorbidities between tuberculosis and common mental disorders
reported only three studies conducted in Southern Africa on rates of depression among TB
patients (Janse Van Rensburg et al., 2020). The reported prevalence rates were 9.3% in
Zambia (van den Heuvel et al., 2013), 11.35% in South Africa (Tomita et al., 2019) and
49.4% in Angola (Xavier & Peixoto, 2015).

Early detection and treatment of TB patients is the cornerstone of the end TB strategy (Asres
et al., 2018). Varied prevalence rates of delay in TB diagnosis and treatment have been
reported in low- and middle-income countries. Rates ranging from 46% to 96% have been
reported in Ethiopia (Wondawek & Ali, 2019), 48% in Zimbabwe (Takarinda et al., 2015),
and 20.6% in India (Das et al., 2017). Delays in diagnosing and treating TB results in severe
symptoms at treatment initiation which may lead to poor treatment outcomes including
mortality and drug resistance (Asres et al., 2018). Furthermore, patients whose treatment is
delayed remain infectious for long with consequent onward transmission and increase in the
number of cases (Ambaw et al., 2017). Treatment delay has also been reported as a
contributing factor to the high mortality rate among patients co-infected with HIV (Segagni
Lusignani et al., 2013).

Depression is a significant predictor of delayed TB treatment; symptoms of depression such
as avolition, social isolation and indecisiveness may negatively affect health seeking
behaviour of patients with TB and depression leading to delayed diagnosis and treatment
initiation (Koyanagi et al., 2017; Trivedi & Greer, 2014).

The relationship between TB and depression may be bidirectional (Koyanagi et al., 2017).
The production of pro inflammatory cytokines and weakened immunity which occurs in
depression may increase vulnerability of patients to developing TB (Kiecolt-Glaser &
Glaser, 2002; Oh et al., 2017). Depression may also present with neglected self-care which
poses a risk factor for acquiring TB (Koyanagi et al., 2017). On the other hand, depression
may develop as a psychological response to the diagnosis of TB and the stigma it carries; the
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inflammatory response to Mycobacterium tuberculosis increases the risk of developing
depression (Koyanagi et al., 2017).

Although several studies have been conducted on TB treatment or diagnostic delay (Awoke
et al., 2019; Bojovic et al., 2018; Li et al., 2013; Storla et al., 2008; WHO, 2006) including
in Botswana (Steen & Mazonde, 1998), the role of depression hasn’t been adequately
explored. Most research conducted on the comorbidity of TB and depression has been on
risk factors and treatment outcomes such as adherence and loss to follow up. There is
paucity of data on depression and its association with delayed TB treatment initiation which
may be a major contributing factor to prognosis of treatment. The objective of our study was
to examine the association between depression and treatment delay among newly diagnosed
TB patients.

Materials and Methods

Study design and site description

This was an institutional-based cross-sectional study, conducted from January to December
2019 at 12 primary health care facilities in Gaborone, Botswana. Botswana is an upper
middle-income country in Southern Africa with an active TB incidence of 275/100 000
(World Health Organisation, 2019a). Gaborone, the capital and largest city in Botswana has
a population of approximately 280,000 (Statistics Botswana, 2015). The facilities included
in the study were purposively selected based on high TB incidence (Ministry of Health and
Wellness, 2018).

Study population

Measures

The target population was patients attending the selected facilities, aged 18 years or above
and newly diagnosed with TB. Patients who had just been diagnosed with TB were
identified in the lab and TB clinic register.

Patients who required urgent medical care, or had difficulty with hearing, speaking, or
understanding both English and Setswana, were excluded from the study.

Researcher designed socio-economic and demographic questionnaire—The
instrument was used to capture data such as gender, income, employment status, history of
alcohol use and smoking.

Patient Health Questionnaire (PHQ-9)—The PHQ-9 was used to screen for depressive
symptoms based on the criteria outlined in the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (American Psychiatric Association (APA), 2000). It is a nine-item
instruments where respondents endorse frequency of depression symptoms in the preceding
two weeks on a 4-point likert scale. Kroenke et al. reported that total scores of 10 or more is
indicative of depression (Kroenke et al., 2001). The PHQ-9 has demonstrated excellent
sensitivity (88%), specificity (88%) and internal reliability (Cronbach’s a of 0.89) when
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used in a primary care population (Kroenke et al., 2001). The internal reliability of the
PHQ-9 in the current study was acceptable with a Cronbach’s alpha of 0.74.

Zung self-rating anxiety scale (ZUNG)—The ZUNG is a 20-item self-rating
instrument which was used to assess for anxiety symptoms. The instrument assesses for
cognitive, autonomic, motor and central nervous system symptoms of anxiety. Respondents
indicate how much each statement applies to them within a period of one or two weeks prior
to taking the test on a Likert-type scale ranging from “a little of the time,” “some of the
time,” “good part of the time,” “most of the time” (1-4) (Zung, 1971). The ZUNG
demonstrated good internal reliability with a Cronbach’s alpha of 0.80 in our study.

Data Collection Procedures

Data were collected in one-time interviews of TB patients using standardized questionnaires.
Research assistants were trained by MD and AHF to administer the English and Setswana
versions of the questionnaires used in this study.

Potential participants identified daily from the lab and clinic register were approached by
Research Assistants (RA) for recruitment. RA met the patients in a private room and
screened them for the eligibility criteria before conducting the consent process. A written
informed consent was obtained before commencing with data collection. RAs read consent
materials in English and/or Setswana to patients who were illiterate; all participants verified
their consent to participate by signature.

Data on socioeconomic, demographic characteristics and clinical information was collected
using indirect administration of questionnaires whereby the research interviewer asked
questions and recorded response given by the participants. To improve accuracy of responses
in mental health related questions, assisted direct administration of questionnaires was used,
in which the questions were read by the interviewer and participants recorded their response
on the tablet directly. This has been reported to reduce social desirability bias in mental
health related interviews (Bowling, 2005).

Participants whose total score corresponded with mild depression (score 5-9) were given a
contact sheet for psychiatric services so that they could seek help if symptoms worsened or
persisted. Research assistants facilitated referrals by making appointments with mental
health professionals for participants who scored 10 or more (moderate to severe depression)
or those who presented with suicidal ideation. Facilitation of referral was done with the
participants’ consent.

Data Analysis

In this study, the outcome variable was delayed TB treatment initiation, which was defined
as experiencing common TB symptoms, such as fever, night sweats, and weight loss, for
more than 2 months. The prevalence of treatment delay in a subgroup was calculated by
dividing the number of participants with delayed treatment by the total number of
participants in the subgroup. Participants were specified as having depression if they scored
equal to or more than 10 points on PHQ-9, and as having anxiety if they scored equal to or
more than 36 points on ZUNG. We used Poisson regression model with robust variance to
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estimate the independent effect of depression on TB treatment delay. This method has been
recommended to analyze prevalence ratios for binary outcomes in cross-sectional studies
(Zou, 2004). The independent covariates were selected based on a priori knowledge, which
consist of age, HIV co-infection, gender, anxiety, and depression. All covariates were
included in the final multivariable Poisson model regardless of their bivariate association
with treatment delay. All data cleaning and analysis were performed in SAS version 9.4
(SAS Institute, Cary, North Carolina, U.S.). There was no alpha cutoff specified in statistical
analyses following recent statistical guidelines (Greenland et al., 2016).

The study was approved by the institutional review board (IRB) at University of California,
Irvine and Botswana Ministry of Health and Wellness, Health Research and Development
Division (HPDME 13/18/1). Permission to carry out the study was also obtained from the
district health management team and senior management of the respective primary health
care facilities.

Sociodemographic and clinical characteristics

A majority of the 180 participants in our study were male (64.4%, n= 116) and the mean age
was 37years (Table 1). More than half (55%, n= 99) of the newly diagnosed TB patients
were co-infected with HIV. Patients were more likely to be diagnosed with pulmonary TB
(76.1%, n=137). Treatment delay was reported by 45 (25%) participants, the majority of
which were male (65.1%) and HIV-positive (62.8%).

Marriage was protective against depressive symptoms in our sample as single participants
experienced depressive symptoms more than those who were married (Table 1). Participants
who were co-infected with HIV, had secondary or less education and earned a monthly
income of below 5000 Botswana Pula (BWP) (465USD) were more likely to experience
depressive symptoms than those who weren’t infected with HIV, had more than secondary
education and earned above 5000 BWP respectively.

Occurrence of Depression and Anxiety symptoms among newly diagnosed TB patients

Total scores from the PHQ-9 and ZUNG are shown in Figure 1 and 2, respectively. Overall,
172 (95.6%) participants reported some depressive symptoms, and 47 (26.1%) scored
greater than 10, suggesting a severity of depressive symptoms consistent with those of major
depression. Significant anxiety symptomatology was reported by 85 participants (those who
scored 36 or above).

Delayed TB treatment

A total of 25% of the participants met the criteria of delayed TB treatment as defined in the
current study (having TB symptom for more than 2 months before treatment initiation), with
13.9% having treatment delay longer than three months.
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Depression and delayed TB treatment

The prevalence of TB treatment delay was 42.6% and 18.8% among participants who
indicated symptoms of depression and among participants without depression, respectively
(Table 2). In bivariate Poisson analysis, we found depression was associated with treatment
delay (crude prevalence ratio [cCPR] = 2.26; 95% confidence interval [CI] = 1.39, 3.68). After
adjusting for age, HIV status, gender and anxiety, depression remained associated with
higher prevalence of delayed TB treatment (adjusted prevalence ratio [aPR] = 2.09; 95% ClI
=1.23-3.57).

Discussion

Depression was found to be significantly associated with delayed treatment initiation among
TB patients even after adjusting for potential confounders such as co-infection with HIV,
anxiety symptoms and gender. Our findings contrast with findings from Ethiopia where they
found that depression did not have a statistically significant association with diagnostic
delay (Ambaw et al., 2019). The difference may be accounted for by differences in health
services provided in the two countries. For example in Ethiopia, community health workers
conduct home visits to encourage people with symptoms of TB to seek help, therefore the
impact of depression in treatment delay is likely to be reduced (Ambaw et al., 2019);
whereas in Botswana, patient diagnoses largely depend on them presenting to health care
facilities. It may be worthwhile for the Botswana health sector to adapt the same model and
utilise already existing lay health care workers such as health education officers to conduct
home visits and screen for TB symptoms, this will hopefully reduce rates of delayed
treatment among depressed patients.

Our findings complement evidence that medical conditions detection may be delayed in
people with depression (Koyanagi et al., 2017). Patients with depression may experience
hopelessness to a point of passively or actively wishing to die. The consequence of this
hopelessness will be delays in help seeking when unwell with consequent delayed diagnosis
and treatment. Moreover, delayed diagnosis and treatment may also result from other
symptoms of depression such as avolition, chronic fatigue and difficulty making decisions.
Indecisiveness is likely to result in patients postponing consultations for their TB symptoms.

The prevalence of depression in our study population is comparable to the average rate of
depression found in other low and middle income countries (LMICs) (Koyanagi et al.,
2017). The rates reported in TB patients are significantly higher than rates reported in the
general population, further confirming reports of increased risk of depression in patients
with chronic medical conditions (Wang et al., 2018).

Attention to depression as a factor in TB diagnosis and treatment has only recently begun. In
contrast to past studies of the delay in diagnosis and treatment of TB that often failed to
consider depression as a contributing factor for delayed TB diagnosis and treatment (Storla
et al., 2008), more recent work has begun to recognise the impact of poor mental health on
treatment outcomes for chronic conditions such as TB (Pachi et al., 2013; Patel et al., 2018).
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Our findings highlight the need for ongoing depression screening and management during
TB treatment. There is evidence from India and Peru that treating psychiatric manifestations
of TB results in improved treatment adherence, completion and cure rates (Acha et al., 2007,
Janmeja et al., 2005). Health care workers across all stages of health care services should be
trained to recognize symptoms of depression among TB patients.

The strengths of our study include the inclusion of different health facilities and use of
standardized questionnaires which have been shown to have good to excellent psychometric
properties to assess for depression. To the best of our knowledge, this is one of the very few
studies assessing the association between the comorbidity of TB and depression and
association with treatment delay. We believe statistically adjusting for the association which
may have been attributable to co-infection with HIV which has been reported as a significant
predictor of treatment delay (Coimbra et al., 2012; Nogueira et al., 2018) strengthened our
findings.

Our study is not without limitations. Our findings are not generalizable to severely sick and
hospitalized TB patients because they were not included in our study. The cross-sectional
design of the study limits our inference on the direction of causality. We did not collect data
to discriminate between delays due to treatment seeking behavior by the patient and
treatment delay secondary to health care facility factors. For example, some patients may
have presented early to lower levels of care but took long to be diagnosed until referral to
our study sites. Lastly, we cannot rule out the effect of recall bias on our findings because we
relied on patients recall of onset of symptoms in order to determine treatment delay.
Recollection of onset of TB symptoms might also be adversely affected by our exposure:
symptoms consistent with major depression.

Conclusion and Recommendations

Depression predicts delayed TB treatment initiation. Delay in diagnosis negatively impacts
the disease prognosis and increases risk of transmission within the community.

Our findings highlight the need for a multidisciplinary approach to the management of TB.
Health care professionals who are diagnosing and treating TB patients should be aware of
the co-existence of TB and depression and routinely screen for depression. Simultaneous
treatment of TB and depression may be the answer to improve clinical outcomes of patients
with TB and depression.

Previous research has demonstrated the clinical utility of treating the psychological aspects
of TB (Acha et al., 2007; Janmeja et al., 2005), therefore, future research should focus on
the development of effective and affordable interventions for treatment of depression among
newly diagnosed TB patients in order to address the dual burden of TB and depression.
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Figure 1. Depressive symptomatology1 among participants
Note: Error bars are representative of 95% confidence limits calculated by the Wilson score

method.
1 Depressive symptom categories are based on Patient Health Questionnaire (PHQ-9) scores:
0=None; 1-4=Minimal depression; 5-9=Muild depression; 10-14=Moderate depression; 15—
19=Moderately severe depression; 20-27=Severe depression
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Figure 2. Anxiety symptomatology1 among participants
Note: Error bars are representative of 95% confidence limits calculated by the Wilson score

method.
1 Anxiety symptom categories are based on Zung self-rating anxiety scale (ZUNG) raw

scores: Below 36=Normal; 36-47=Minimal to moderate; 48-59=Marked to severe; 60 and
over=Most extreme.
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Table 1.
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Characteristic

No depressive

Depressive symptoms n

All participants n (%) or

Time since HIV

diagnosis in month52

37.5(1.0-123.0)

symptoms n (%) or (%) or median (IQR) median (IQR)
median (IQR)
Gender Male 90 (67.7) 26 (55.3) 116 (64.4)
Female 43 (32.3) 21 (44.7) 64 (35.6)
Age 37.0 (28.0-45.0) 38.0 (27.0-48.0) 37 (27.5-46.0)
Marital status Married 15 (11.3) 3(6.4) 18 (10.0)
Single 114 (85.7) 41 (87.2) 155 (86.1)
Divorced/separated/widow 4 (3.0) 3(6.4) 7(3.9)
Education None 12 (9.0) 5(10.6) 17 (9.4)
Secondary or less 89 (66.9) 34 (72.3) 123 (68.3)
Tertiary or certificate 16 (12.0) 3(6.4) 19 (10.6)
Diploma or degree 15 (11.3) 5(10.6) 20 (11.1)
Masters or PHD 1(0.8) 0 1(0.6)
Income (in Botswana ~ No income 46 (34.6) 19 (40.4) 65 (36.1)
pulal)
<5000 74 (55.6) 24 (51.1) 98 (54.4)
5000-10000 12 (9.0) 2(4.3) 14 (7.8)
> 10000 1(0.8) 2(4.3) 3(1.7)
TB diagnosis Culture 1(0.8) 1(2.1) 2(1.1)
methods
XPERT 52 (39.1) 20 (42.6) 72 (40.0)
AFB 19 (14.3) 4(8.5) 23(12.8)
Chest X-ray 31(23.3) 8 (17.0) 39 (21.7)
Clinical 30 (22.6) 14 (29.8) 44 (24.4)
TB symptoms length None 6 (4.5) 0 6(3.3)
< 1 month 69 (51.9) 19 (40.4) 88 (48.9)
1-2 months 33(24.8) 8(17.0) 41 (22.8)
2-3 months 10 (7.5) 10 (21.3) 20 (11.1)
> 3 months 15 (11.3) 10 (21.3) 25 (13.9)
Smoking No 106 (79.7) 29 (61.7) 135 (75.0)
Yes 27 (20.3) 18 (38.3) 45 (25.0)
Alcohol No 79 (59.4) 22 (46.8) 101 (56.1)
Yes 54 (40.6) 25 (53.2) 79 (43.9)
Disease Pulmonary 105 (79.5) 32 (68.1) 137 (76.5)
classification3
Extrapulmonary 27 (20.5) 15 (31.9) 42 (23.5)
HIV infection No 63 (47.4) 18 (38.3) 81 (45.0)
Yes 70 (52.6) 29 (61.7) 99 (55.0)

73.0 (1.0-90.0)
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Characteristic

No depressive

Depressive symptoms n

All participants n (%) or

symptoms n (%) or (%) or median (IQR) median (IQR)
median (IQR)
CD4 T-cell count at 318.0 (105.0-438.0) 405.5 (184.0-471.0) 335.0 (120.0-469.0)
time closest to TB
. .2
diagnosis
ART historyz Never taken ART 24 (34.3) 7(24.1) 31(31.3)
Taking ART 40 (57.1) 19 (65.5) 59 (59.6)
Took ART but stopped 6 (8.6) 3(10.3) 9(9.1)
Anxiety Normal (20-35) 85 (63.9) 10 (21.3) 95 (52.8)
Minimal to moderate anxiety 47 (35.3) 24 (51.1) 71 (39.4)
(36-47)
Marked to severe anxiety 1(0.8) 10 (21.3) 11(6.1)
(48-59)
Most extreme anxiety (>=60) 0 3(6.4) 3(1.7)

Abbreviations: ART=Antiretroviral therapy; IQR=Interquartile range; TB=tuberculosis; XPERT=GeneXpert MTB/RIF; AFB=Acid-Fast Bacilli
smear; ART=antiretroviral therapy

15000 Botswana pula is approximately 465 US dollars

ZAmong HIV-infected participants only

3Does not add to n=180, one participant data missing
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Characteristic

Prevalence n/N (%0)

Crude PR (95% CI)

Adijusted PR (95% CI)

Depression

HIV status

Age

Gender

Anxiety

No 25/133 (18.8)

Yes (210 on PHQ9) 20/47 (42.6)
Negative 17/81 (21.0)
Positive 28/99 (28.3)
N/A
Male 29/116 (25.0)
Female 16/64 (25.0)
No 19/95 (20.0)
Yes (raw score 236 on ZUNG) 26/85 (30.6)

1.00

2.26 (1.39-3.68)
1.00

1.35 (0.80-2.28)

1.02 (0.99-1.03)
1.00

1.00 (0.59-1.70)
1.00

1.53 (0.91-2.56)

1.00
2.09 (1.23-3.57)
1.00
1.17 (0.70-1.97)
1.01 (0.99-1.03)
1.00
0.93 (0.55-1.58)
1.00
1.13 (0.66-1.92)

1 L . .
Delayed treatment initiation was defined as having TB symptom for more than 2 months
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