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Background: Adverse drug events (ADEs) are regarded as the most essential therapeutic issue during management of drug-resistant 
tuberculosis (DR-TB) due to the long duration of therapy and concurrent use of many second-line medications. This study aimed to 
determine the incidence and factors associated with ADEs among patients receiving DR-TB treatment at Mulago hospital in Uganda.
Methods: A retrospective cohort study was conducted among 417 DR-TB patient records at Mulago National Referral Hospital from 
January 2013 to December 2020. Using the data abstraction form, data were collected on socio-demographic and clinical factors, 
adverse drug events and treatment follow-up time. Data were double entered in Epi data version 3.2 and later exported to Stata version 
14.0 for analysis. The incidence rate of adverse drug events was computed using number of cases of ADE divided by overall patient 
follow-up time. Poisson regression model was used to determine the factors associated with ADEs. The predictors were considered 
significant at if p< 0.05.
Results: The overall incidence was 5.56 ADEs per 100 person months (95% confidence interval (CI) 5.01, 6.15). Treatment regimens 
containing an aminoglycoside (incident rate ratio (IRR) 1.106, 95% CI 1.005–1.216 p=0.0391), linezolid (IRR 1.145, 95% CI 1.008– 
1.229 p = 0.037) or pyrazinamide (IRR 1.226, 95% CI 1.072–1.401 p = 0.003) and the treatment duration (in months) (IRR 1.005, 95% 
CI 1.001–1.010 p = 0.042) were associated with ADEs.
Conclusion: Regimens containing aminoglycosides, linezolid, or pyrazinamide and increase in treatment duration (months) were 
associated with an increased risk of ADEs. Clinicians should quickly adopt all oral shorter treatment regimens to obviate the need for 
aminoglycosides and reduce exposure duration.
Keywords: adverse drug events, drug-resistant tuberculosis, Uganda

Introduction
Drug-resistant Tuberculosis (DR-TB) continues to be a public health growing burden. Globally, about half a million 
people developed rifampicin-resistant TB (RR-TB), of which 78% had multidrug-resistant TB (MDR-TB) in 2019.1 In 
sub-Saharan Africa, the rate of decline in the burden of DR-TB is still low, at only 0.12% per year.2,3 About 12% and 
25.3% of people who were previously treated for TB were found to have MDR-TB and DR-TB, respectively, in the 
Uganda National DR-TB survey.4 This high prevalence of DR-TB could have been attributed to poor adherence to TB 
treatment.5 Uganda is also among the highest TB/HIV burden countries in the world.1 DR-TB is a situation where TB 
organisms continue to grow in the presence of one or more anti-TB drugs confirmed using a drug susceptible test, RR is 
defined as Mycobacterium TB isolates that are resistant to rifampicin, with or without resistance to other anti-TB 
medications and MDR-TB is defined M. tuberculosis strains that are resistant to at least Rifampicin and Isoniazid.6
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The World Health Organization (WHO) recently recommended shorter all-oral bedaquiline (Bdq)-containing regimen of 
9–12 months in patients with confirmed MDR/RR-TB who have not been exposed to treatment with second-line TB medicines 
and in whom resistance to fluoroquinolones has been excluded. For those who are not eligible, the proposed total duration of 
longer MDR-TB regimens is about 18–20 months, modified according to the patient response.6 However, due to long duration 
of therapy and concurrent use of multiple second-line drugs, adverse drug events (ADEs) are regarded as a major challenge in 
patients.7 A study conducted in Rwanda reported that, ADEs were linked to a nearly two-fold increased probability of 
treatment failure.8 This association was consistent with a study done in Pakistan and Angola.9,10 Treatment failure resulting 
from non-adherence could lead to an increase in community transmission of DR-TB.

More than half of people with MDR-TB were reported to have experienced at least one ADE in a systematic review 
and meta-analysis. The three commonest ADEs were gastrointestinal disorders, ototoxicity and psychiatric disorders.7 

However, this study was published 5 years ago and therefore does not reflect the several changes in DR-TB regimen. 
There has been progress in DR-TB drug development and new agents such as bedaquiline and delamanid (Dlm) have 
been developed.11 Moreover, clofazimine and linezolid have also been repurposed to be used as preferred drugs in DR- 
TB management. However, drug safety information from programmatic settings is still limited particularly for new and 
repurposed drugs. A more recent meta-analysis reported that that levofloxacin (Lfx), moxifloxacin (Mfx), bedaquiline 
(Bdq), and clofazimine (Cfz) were associated with a low risk of ADEs while amikacin (Am), kanamycin (Km), 
capreomycin (Cm), p-amino salicylic acid (PAS) and linezolid (Lzd) posted higher rates of ADEs leading to permanent 
discontinuation.12 However, the prevalence of HIV among the DR-TB patients in this meta-analysis was only 10% yet the 
prevalence of HIV among DR-TB patients in Uganda is 59.4%.13 Of concern is that ADEs are exacerbated in HIV co- 
infected individuals who have a weakened immune system, poor nutrition, and the propensity for anti-TB and 
antiretroviral drug-related adverse events and drug–drug interactions to overlap.14

In this study we determined the incidence and factors associated with adverse drug events among patients receiving 
DR-TB treatment at Mulago Hospital in Uganda.

Materials and Methods
Study Design and Setting
A retrospective cohort study was conducted among DR-TB patients who had started therapy from January 2013 to 
December 2020 at Mulago National Referral Hospital. The study utilized secondary data from the unit DR-TB registers 
and medical charts of DR-TB patients. Mulago Hospital TB unit is located in Kampala, an urban setting, which treats over 
25% of the country’s DR-TB burden. Mulago serves as a specialist treatment and diagnostic center for DR-TB. Most patients 
are referrals from other units within and out of Kampala and services are free of charge including admissions.

DR – TB Treatment in Uganda
The programmatic management of DR-TB in Uganda began in 2012 although a local guideline was in place in 2011.15 

The guidelines recommended a standardized regimen that consisted of a 6-months’ intensive phase with kanamycin (Km) 
or capreomycin (Cm), levofloxacin (Lfx), ethionamide (Eto), cycloserine (Cs), and pyrazinamide (Z) followed by 
a continuation phase of 18 months without the aminoglycoside. Individualized regimens were recommended when 
informed by drug susceptibility testing and tolerance. The alternative agents were ethambutol (E), amikacin (Am) and 
p-amino salicylic acid (PAS). In 2016, the revised guidelines recommended an intensive phase of 6 months of 
Km + Lfx + Eto + Cs + Z or 4 months after culture conversion, whichever was longer. A continuation phase without 
the aminoglycoside for a duration of 14 months or at least 20-months post-culture conversion (whichever was longer), 
was recommended. Bedaquiline (Bdq) and delamanid (Dlm), newly discovered drugs for DR-TB treatment, were initially 
available on a compassionate basis until they were increasingly available in the country by 2018. A modification to the 
standard regimen was recommended for the treatment of XDR-TB, pre-XDR-TB and other difficult-to-treat patients but 
the decision was to be made by the national DR-TB panel on a case-to-case basis. In 2017, an annex to the 2016 
guidelines introduced the short-term regimen (STR) which consisted of 4–6 months of Km + moxifloxacin 
(Mfx) + clofazimine (Cfz) + Z + E + high-dose-Isoniazid (Hh) + Eto and 5 months of Mfx + Cfz + Z + E for patients 
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with confirmed sensitivity to fluoroquinolones and an injectable aminoglycoside. Treatment was administered by health 
worker supervised directly observed therapy (DOT) using both facility and community-based models.13

Study Population and Sample Size Estimation
All confirmed DR-TB patients who received DR-TB treatment from January 2013 to December 2020 at Mulago Hospital 
were considered eligible for the study. Patients with missing charts and those who were transferred to other health 
facilities were excluded from the study.

The estimated sample size was 417 patient files. This was calculated using the formula for single proportions.16 We 
set the level of precision at 5% and confidence level at 95%. We assumed the proportion of ADEs among patients 
receiving DR TB treatment that was reported at 0.573 in a systematic review and meta-analysis.7 The sample size based 
on those assumptions was 376 patient records, which was inflated by 10% to cater for missing data. Systematic sampling 
method was used to sample 417 patient files from 820 files.

Study Definition and Measurements
The dependent variable was Adverse Drug Event (ADE). It was defined as any unwanted medical occurrence in a patient 
that received DR-TB treatment but did not necessarily have a causal relationship to the treatment17 The research team 
classified ADEs based on the Hartwig’s Severity Assessment Scale; Grade 1: Mild symptoms that necessitated monitor-
ing and did not necessitate treatment. Grade 2: Moderate symptoms that necessitated medical intervention, such as the 
use of auxiliary medications. Grade 3: Severe symptoms that showed inability to carry social or functional activities 
requiring medical intervention or even hospitalization. Grade 4: Life-threatening symptoms accompanied by an incapa-
city of the health worker to provide basic health care, necessitating medical intervention or hospitalization to avoid 
permanent impairment, disability, or death.18 ADEs were documented in the patient files by the primary care physicians 
at the unit using the ADE monitoring form. Independent variables included socio-demographic factors (age, sex, area of 
residence, year of enrolment, marital status, any history of smoking and history of alcohol use) and clinical factors 
(weight, type of patients, resistance profile, drug regimen, duration of treatment, adherence, HIV status, known diabetes 
and known hypertension). Assessment of adherence within the entire treatment period was calculated by dividing number 
of DR-TB doses taken by number of DR-TB doses prescribed X 100. Greater than 95% was classified as very good, 94– 
85% as good and below 85% as poor. Specific ADEs are defined as shown in Table 1.

Data Collection Procedures
A data abstraction form in English language was used to retrieve data from patients’ register and patients’ charts by the 
principal investigator assisted by three trained research assistants. The research assistants were enrolled nurses working 
in the DR-TB department but employed as support staffs. The data abstraction form was pretested on 10 patient records 
to check for its feasibility before the study commenced. Data were checked for any inconsistencies, coding errors, out of 
range values, completeness, accuracy, clarity, missing values, and appropriate corrections were made on daily basis.

Data Processing and Analysis
Data was double entered into epi data version 4.6 and was later exported to Stata version 14 for analysis. Descriptive 
statistics were used to describe patient socio-demographic and clinical characteristics. The categorical variables were 
summarized using percentages and continuous variables were summarized using the mean and standard deviations (SD), 
or median and interquartile range (IQR) depending on the distribution.

Incidence rate was computed by dividing the new cases of ADEs by the overall patient follow-up time. Follow-up 
time was defined as a sum of total duration from the start of treatment up to the treatment outcome. The frequency of 
ADEs was presented by type and grade. The Kaplan Meier curve and Wilcoxon test were used to compare time to 
development of ADEs between HIV positive and HIV negative patients.

Factors associated with ADEs were evaluated using generalized linear model with family (Poisson) and link (log) and 
using robust standard error to adjust for over inflated variances. Variables with a p≤0.2 were included into the 
multivariate analysis. The measure of association was the rate ratio. The backward stepwise elimination method was 
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used during model building considering a p-value of 0.05 as significant. We reported adjusted rate ratios (adjusted for 
confounding) and 95% level of confidence.

Ethical Approval and Consent to Participant
Makerere University’s Clinical Epidemiology Unit granted permission to perform the study. The School of Medicine 
Research and Ethics Committee (Mak-SOMREC-2021-186) and the Mulago National Referral Hospital ethics review 
board provided ethical approval. We sought waiver of consent since the study involved retrospective review of medical 
charts, participants were out of clinic care and were geographically dispersed from different districts in the country 
making informed consent not feasible. Waiver of consent was provided by the SOMREC and the Mulago National 
Referral Hospital ethics review board. Identifying information such patient names, contact details and patient file 
numbers were not extracted but we used unique study numbers during data collection to ensure privacy of participants. 
Data was backed up on an external hard drive with encrypted passwords known only by the researcher to ensure 
confidentiality of the patients’ information. Data is aggregated and anonymized in the reporting of findings. All study 
procedures were conducted according to the Declaration of Helsinki.

Results
Selection of Study Participants
A total of 417 patient records were sampled from DR-TB treatment register from 2013 to 2020. Of these, 28 were excluded; 
incomplete data were 20 (8 were missing the treatment chart for the first 2 months, 3 were missing adherence documentation 
log, 9 were missing detailed clinicians follow-up visit notes) and 8 were transferred out as summarized in Figure 1.

Table 1 Description of ADE as Documented in the Patient File

Adverse Events Definition

Hepatotoxicity 1. Elevation of serum transaminases (alanine and aspartate aminotransferase) greater than 3 times of the normal 
upper limit with symptoms; or

2. Elevation of serum bilirubin greater than 2 times of the normal upper limit with symptoms; or

3. Elevation of serum transaminases or serum bilirubin greater than 5 times of the normal upper limit with or 
without symptoms.

Nephrotoxicity Elevation of at least one serum creatinine value greater than 133umol/l.

Ototoxicity Tinnitus, hearing loss confirmed by physical examination or audiometry, presence of disequilibrium.

Peripheral neuropathy Numbness, weakness, tingling, burning/pain in the extremities, diagnosed by physician.

Central nervous system 
disorders

Headache, dizziness and seizure activity as reported by patient or witness.

Psychiatric disorders Presence of depression, anxiety, psychosis, suicide, nightmares and convulsion as documented in the patient chart.

Dermatologic disorders Skin change including rash, itch, bronzing, black pigmentation, and photosensitivity reaction.

Arthralgia Pain, swelling or stiffness in the joints as reported by patients.

Gastrointestinal disorders Presence of nausea, vomiting, anorexia, abdominal pain, diarrhea, epigastric discomfort and hematemesis.

Hypokalemia At least one serum potassium value < 3.5 mmol/l.

Breast enlargement Swollen breasts, breast discharge and breast tenderness as reported by the patient.

Visual impairment Presence of visual changes, including vision loss, pain on moving the eye.

Cardiac disorders Symptoms of palpitations, fainting, easy fatigability, and prolonged QT (>500ms) on electrocardiograph.

https://doi.org/10.2147/TCRM.S381800                                                                                                                                                                                                                               

DovePress                                                                                                                                

Therapeutics and Clinical Risk Management 2022:18 1120

Nasasira et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Socio-Demographic Characteristics
Of the 417 patient files included in the study, the mean age was 33 years (SD=12.9), mean weight was 51kg (SD=12.0), 
55.8% (n=232) were males, 42.7 (n=178) were initiated on treatment from 2018 to 2020 and only 15.6% (n=65) had 
a history of alcohol drinking. The socio-demographic characteristics are summarized in Table 2.

Clinical Characteristics
About half (52.5%, n=219) of the participants were HIV positive, 46% (n=192) were newly diagnosed DR-TB and 78.9% 
(n=329) had RR-TB. The most commonly prescribed class of drug was a fluoroquinolone at 98.3% (n=407) and 47.1% 
(n=196) of the participants had very good adherence as summarized in Table 3.

417 patients’ records 
were available for 

analysis.

Reason for exclusion 

Incomplete data = 20

Transfer out = 8

Total sampled 

445

Records of patients on 

MDR-

N=840

Figure 1 Study profile of study participants.

Table 2 Socio Demographic Characteristics of 417 Patients That Received DR-TB 
Treatment from Mulago Hospital, 2013–2020

Variable Category Frequency (Percentage)

Age in years Mean (SD) 32.8 (12.9)
Sex Male 232 (55.8)

Weight in kgs Mean (SD) 50.9 (12.0)

District Urban 333 (80.0)
Marital status Single 147 (37.7)

Married 148 (38.2)

Divorced/Separated 76 (19.6)
Widowed 17 (4.4)

Year of enrolment 2013–2015 132 (31.7)

2016–2017 107 (25.7)
2018–2020 178 (42.7)

Alcohol drinking Yes 65 (15.6)
Smoking Yes 32 (7.7)

Abbreviations: Kgs, kilograms; SD, Standard Deviation.
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Overall Incidence of Adverse Drug Events Among 417 Patients Receiving DR-TB 
Treatment from Mulago Hospital, 2013–2020
The overall incidence was 5.56 ADEs per 100 person months (95% CI 5.01, 6.15) among the 417 patients that received 
treatment at Mulago, between 2013 and 2020.

Prevalence and Grading of the ADEs
Musculoskeletal symptoms were the most prevalent ADEs at 64.3% (268/417) with 84.3% (226/268) of them recoded as 
moderate. Prevalence of ototoxicity was at 31.7% (132/417) and 55.5% (73/132) of them were recoded as moderate, 
neuropsychiatric disorders were reported at 23.5% (98/417) with 46.9% (46/98) of them documented as mild and cardiac 
toxicity was reported at 13.9% (58/417), however, 55.2% (32/58) of these were mild as summarized in Figure 2.

Factors Associated with ADEs Among the 417 Patients Receiving DR-TB Treatment 
from Mulago Hospital, 2013–2020
At multivariable analysis, a treatment regimen containing an aminoglycoside (incident rate ratio (IRR) 1.106, 95% CI 
1.005–1.216), linezolid (IRR 1.145, 95% CI 1.008–1.229) or pyrazinamide (IRR 1.226, 95% CI 1.072–1.401); and the 
treatment duration (in months) (IRR 1.005, 95% CI 1.001–1.010) were significantly associated with ADEs as shown in 
Table 4. HIV co-infection was not significantly associated with ADEs (p=0.451).

Table 3 Clinical Characteristics of 417 Patients That Received DR-TB Treatment from Mulago 
Hospital, 2013–2020

Variable Category Frequency 
(Percentage)

HIV positive Yes 219 (52.5)

Known diabetes mellitus Yes 7 (1.7)
Patient type before current DR-TB 
episode

New 192 (46.0)

Treatment failure 108 (25.9)

Relapse 89 (21.3)
Defaulter 28 (6.7)

Resistance profile RR 329 (78.9)
MDR 72 (17.7)

Other (mono, poly, pre- 

XDR)

16 (3.8)

Duration of treatment Median (IQR) 16.3 (10–21)

Aminoglycoside (Km/Cm/Am) 313 (75.6)

Fluoroquinolone (Lxf/Mxf) 407 (98.31)
Linezolid 77 (18.6)

Cycloserine 332 (80.4)

Ethionamide 332 (80.4)
Pyrazinamide 356 (86.0)

Clofazimine 130 (31.4)

High dose isoniazid 56 (13.5)
Bedaquiline 127 (30.7)

Adherence (n=416) Very good 196 (47.1)

Good 161 (38.7)
Poor 59 (14.2)

Abbreviations: RR, Rifampicin resistance; MDR, Multi Drug Resistance; mono, mono resistance; poly, poly resistance; 
pre-XDR, Pre-Extensive Drug Resistance; Km, Kanamycin; Cm, Capreomycin; Am, Amikacin; Lxf, Levofloxacin; Mxf, 
Moxifloxacin; IQR, Interquartile Range; HIV, Human Immunodeficiency Virus; DR-TB, Drug Resistant Tuberculosis.
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Time to Development of ADEs by HIV Status
There was no significant difference in the cumulative probability of developing an ADE between HIV negative and HIV 
positive patients (Wilcoxon test =0.83, p=0.363) as summarized in Figure 3.

Discussion
From this study, for every 100 patients with DR-TB each followed-up for 1-month, 6 of them developed ADEs. The most 
prevalent ADE was musculoskeletal symptoms and most of the ADEs were of moderate severity. Treatment regimen 
containing an aminoglycoside, linezolid (Lzd) or pyrazinamide (Z) and a longer treatment duration were significantly 
associated with ADEs.

The overall incidence observed in this study is consistent with the findings from a study conducted in Ethiopia that 
reported an incidence of 5.79 per 100 person months.19 Incidence from our study is however higher than that reported 
from a study conducted in Georgia where overall serious adverse event incidence rate was 1.16 per 100 person-months. 
The reason for this difference is because our population had more people with ADE risk factors, such as HIV, 
aminoglycosides-based regimen and longer treatment durations, while the other study focused on newer shorter treatment 
regimens in predominantly HIV negative population.20 The findings from our study could be an underestimate of the true 
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Figure 2 Frequency and grading of ADEs among 417 patients that received DR-TB treatment from Mulago Hospital, 2013–2020.

Table 4 Factors Associated with ADEs Among 417 Patients That Received DR-TB Treatment 
from Mulago Hospital, 2013–2020

Variable Category cIRR 95% CI P-value aIRR 95% CI P-value

HIV positive Yes 1.005 0.945 1.069 0.161 0.979 0.925 1.035 0.451

Aminoglycoside Yes 1.171 1.059 1.296 0.002* 1.106 1.005 1.216 0.039*
Linezolid Yes 0.884 0.792 0.986 0.027* 1.145 1.008 1.299 0.037*
Pyrazinamide Yes 1.258 1.078 1.468 0.004* 1.226 1.072 1.401 0.003*
Treatment duration 1.009 1.003 1.015 0.003* 1.005 1.001 1.010 0.042*

Notes: The bold and *Show statistically significant p-values (p<0.05). 
Abbreviations: cIRR, Crude incident rate ratio; aIRR, Adjusted incident rate ratio; HIV, Human Immunodeficiency Virus.
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value because the clinicians and patients could have under reported the ADEs during the review visits, particularly those 
that were mild or moderate.

From our study, a drug regimen containing an aminoglycoside (Am, Km, Cm) or linezolid or pyrazinamide were 
associated with the occurrence of an ADEs. This is consistent with findings from a systematic review that reported that 
ADEs leading to permanent discontinuation were associated with aminoglycosides and Lzd.12 In addition, other studies 
have also reported an association between ADEs and a Z based regimen.21,22 Two of the most problematic adverse effects 
associated with Z use include hepatotoxicity and polyarthralgia. We observed both mild and clinically important 
hepatocellular injury in 6.2% (n=26) of our patients. Z is extensively metabolized by the liver and the two 
Z metabolites, pyrazinoic acid and 5-hydroxypyrazinoic acid cause transient and cause asymptomatic elevations in the 
serum aminotransferase levels. Hepatotoxicity from Z is more frequent with higher doses, suggesting a direct toxic 
effect.23 We observed that 6 in every 10 patients reported musculoskeletal symptoms possibly because pyrazinamide 
inhibits the tubular secretion of uric acid resulting in hyperuricemia and attendant poly-arthralgias occur in up to 40% of 
patients.24 However, uric acid levels were not assessed during treatment to ascertain this causal relationship.

In this study, a quarter of the participants experienced peripheral neuropathy and more than a tenth experienced visual 
impairment. These results are similar to findings from a systematic review that reported that 30% of the participants 
experienced neurologic and ophthalmologic disorders.25 Linezolid inhibits mitochondrial protein synthesis and can lead 
to mitochondrial dysfunction in the neurons. Such effects are detrimental to sensory neurons, as described in antire-
troviral-agent-induced small-fibre sensory neuropathy.26 Lzd has recently been reclassified as a group A drug that is 
strongly recommended for all longer regimens during management of DR TB.6 Patients ought to be monitored closely for 
the incidence of such ADEs.

In our study, 32% of people had ototoxicity. This is a higher prevalence compared to that reported by a study in 
Ethiopia (4.8%).27 This difference could be due to lack of audiometric follow-up in the Ethiopian study setting. However, 
our results are consistent with findings from a systematic review that reported prevalence of 28.3% of hearing loss, 
14.5% of tinnitus and 8.1% of vertigo.28 Another study conducted in Cameroon reported a similar incidence of 
kanamycin-induced ototoxicity at 36.7%.29 Aminoglycosides generate free radicals within the inner ear, with subsequent 
permanent damage to sensory cells and neurons, resulting in permanent hearing loss.30 They have narrow therapeutic 
index and pharmacokinetic variability that require careful monitoring of serum levels, particularly during their prolonged 
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use in MDR-TB patients, to prevent the occurrence of dose-dependent ototoxicity and nephrotoxicity. These findings 
support the current WHO guidelines that injectables should no longer be considered priority medicines when designing 
longer MDR-TB regimens.

Longer treatment duration was significantly associated with ADEs. This is consistent with results from other 
studies.10,31 Duration of treatment in DR-TB is guided by culture conversion. Traditionally, therapy would be continued 
for a minimum of 18 months after culture conversion. However, with the recent WHO guidelines the duration of 
treatment has been adjusted to a shorter 9–12 months duration all-oral, bedaquiline-containing regimen in eligible 
patients with confirmed MDR/RR-TB.6 Nonetheless, it is evident from our study that linezolid, a repurposed agent in 
the shorter regimen, is associated with ADEs. This implies that patients on shorter regimens containing Lzd would still 
need close monitoring.

There was no association between HIV status and ADE. This observation is similar to results from a systematic 
review by Schnippel et al.32 However, it is different from the findings obtained from a comprehensive review and meta- 
analysis which reported that HIV infection raised the probability of developing ADEs in DR-TB patients by 12%.33 The 
reason for the difference in findings could be because most of the patients studied had controlled HIV and were using less 
toxic ART regimens. The meta-analysis was also able to evaluate this association in different subsets of participants, 
combine results with a large sample size and improve the estimates of the effect size of an association.

Our study has some limitations. Because of the retrospective nature of the study, follow-up data regarding some risk 
factors such as pre-existing anaemia, liver or renal disease were lacking. Moreover, other medicines used by patients for 
co-morbid conditions were not documented yet these drugs may affect the occurrence of ADEs. Some variables such as 
history of alcohol consumption and smoking were based on self-reports which could have been underreported. Lastly, the 
study was carried out at one study site and the findings may not be generalized to other study settings in Uganda as 
different regions may have more or less frequent ADEs, depending on the host genetics and HIV prevalence.

Conclusion
From this study, for every 100 patients with DR-TB each followed-up for 1-month, 6 of them developed ADEs. 
A treatment regimen containing an aminoglycoside or linezolid or pyrazinamide and a longer treatment duration were 
significantly associated with ADEs. Clinicians should routinely monitor patients prescribed an aminoglycoside or 
linezolid or pyrazinamide-based regimen for incidence of ADEs such as ototoxicity, neuropathy, hepatotoxicity and 
musculoskeletal symptoms. Clinicians should quickly adopt all oral shorter treatment regimens to obviate the need for 
aminoglycosides and reduce exposure duration. The World Health Organization should develop validated tools to screen 
for DR-TB treatment related arthropathy, neuropathy since they are non-existent. Prospective studies should be designed 
to explore baseline complete blood count, liver and renal function that were not studied to further ascertain associations 
and occurrence.
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