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ARTICLE INFO ABSTRACT
Keywords: Background: Drug-resistant tuberculosis poses a major global public health threat, with adverse drug reactions
Adverse drug reaction complicating treatment and contributing to mortality. In Ethiopia, although many patients with drug-resistant
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tuberculosis are receiving treatment, studies on adverse drug reactions and their contributing factors remain
limited. This study aimed to assess the incidence of adverse drug reactions and contributing factors in patients on
drug-resistant tuberculosis treatment in Addis Ababa, Ethiopia.

Methods: A facility-based, retrospective cohort study was conducted on patients with drug-resistant tuberculosis
who were followed up in two major drug-resistant tuberculosis treatment sites, St. Peter’s Specialized Hospital
and the ALERT Comprehensive Specialized Hospital, in the years of 2017 to 2023. Records of the patients were
reviewed throughout their treatment time. Information on any adverse drug reaction diagnosis, laboratory
findings, clinical observations, type of second-line regimen, type and nature of the drug-resistant tuberculosis,
presence of comorbidities such as Human Immune deficiency Virus, hypertension, diabetes mellitus, chronic
obstructive pulmonary diseases, and asthma, and sociodemographic characteristics were abstracted from pa-
tients’ charts and registries. The World Health Organization — Uppsala Monitoring Center (WHO-UMC) system
was employed for standardized causality assessment of adverse drug reactions. Multivariate Cox regression
analysis was employed to identify factors associated with adverse drug reactions. Survival among predictor
variables was assessed using Kaplan-Meier (KM) curves. Adjusted hazard ratios (AHR) with their corresponding
95 % confidence intervals (CI) were estimated, and statistical significance was declared for a p-value < 0.05.
Result: A total of 292 patients with drug-resistant tuberculosis were included. The overall incidence of adverse
drug reaction was 8.10 per 100 person-month (PM) (95 % CI: 7.02-9.36) during a total follow-up time of 2294
months. The most frequently reported adverse drug reactions were gastrointestinal disturbance (31.9 %), fol-
lowed by peripheral neuropathy (21.9 %), and arthralgia (17.5 %). Factors associated with adverse drug re-
actions were hospitalization (AHR = 1.53, 95 % CI: 1.10-2. 13), baseline anemia (AHR = 1.58, 95 % CIL:
1.16-2.17), the age group of 25-49 years (AHR = 1.53, 95 % CI: 1.05-2.21), and age greater than or equal to 50
years (AHR = 1.87, 95 % CI: 1.19-2.93). Good treatment outcome was observed in 76 % of cases.

Abbreviations: ADR, Adverse drug reaction; AHR, Adjusted Hazard ratio; Bdq, Bedaquiline; BPal, Bedaquiline Pretomanid, Linezolid; Cm, Caperomycin; CHR,
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Resistant Tuberculosis; SAE, Serious Adverse Event; TVC, Time Varying Covariate; UMC, Uppsala Monitoring Center; WHO, World Health Organization; Z,
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Conclusion: In this study involving patients with drug resistant tuberculosis, over half of the participants
encountered at least one adverse drug reactions. Patient admission, baseline anemia, and older age were iden-
tified as major factors associated with adverse drug reaction during multidrug resistant tuberculosis treatment.
Particular emphasis should be placed on these susceptible groups to facilitate early prediction, prompt man-
agement, and the formulation of appropriate treatment regimens that address adverse drug reactions effectively.

1. Background

Tuberculosis (TB) is a major public health problem and is one of the
leading causes of death from a single infectious disease [1]. Globally, in
2022, 10.6 million people were diagnosed with TB and resulted in 1.3
million deaths [2]. According to the 2023 World Health Organization
(WHO) African region TB report, Africa accounted for 23 % of TB cases
and 31 % of TB-related deaths. Ethiopia is still one of the 30 high-burden
TB countries and the emergence of drug resistant TB (DR-TB) is
imposing an additional burden to the TB control effort [3,4]. Unlike the
6 month regimen for drug susceptible TB, multidrug-resistant (MDR) TB
treatment involves complex second line drugs which require long term
regimens with higher toxicity profile [5]. WHO defines adverse drug
reactions (ADRs) as harmful, unintended reactions to medicines used at
therapeutic doses [6]. The global prevalence of ADRs during DR-TB
treatment varies widely, ranging from 69 % to 96 %. In high-burden
MDR-TB countries such as Pakistan, the prevalence was reported to be
72.4 %, while in Human Immunodeficiency Virus (HIV) /TB co-endemic
countries like Angola it was 82.9 % [7-9]. The most commonly reported
ADRs include gastrointestinal (GI) symptoms, arthralgia, psychiatric
disorders, and hearing loss or vestibular disorders [10-14]. The toxicity
of MDR-TB regimens contributes to poor treatment outcomes, life
threatening conditions, and death [5]. Identifying factors associated
with ADRs, such as age, sex, smoking, alcohol consumption, substance
abuse, nutritional status, anemia, comorbidities, and a prior TB history
is critical to improving patient outcomes [13,15-17].

In Ethiopia, the national guideline on TB was revised in 2021 to
incorporate new global recommendations on diagnostic, preventive, and
treatment modalities. The treatment modalities include all-oral Bed-
quiline-containing Shorter regimens, BPal (Bedaquiline, pretomanid,
linezolid) regimens under operational research, and modifications on
longer regimens [18]. There are few studies done on ADRs and adverse
effects of DR —TB treatment in Ethiopia [16,19,20]. In a study done in
Addis Ababa, adverse event associated with MDR TB treatment was
high, 92 % of patients had at least one event during treatment [20]. After
the introduction of Bedaquiline (Bdq) and Delamanid (Dlm) through the
Ethiopian National TB Programme (NTP) in 2016, one study has shown
an early result of adverse effects to be 58.8 % [19]. There is no recent
study that shows ADRs during DR-TB treatment. Moreover, studies in
Ethiopia have focused on specific adverse events or regimens, with re-
sults showing a wide discrepancy among each other [21,22]. Therefore,
this study aims to assess the incidence rate of ADRs and associated
factors in patients on DR-TB treatment in Addis Ababa, Ethiopia.

2. Methods
2.1. Design and setting

A facility-based retrospective cohort study was conducted using
secondary data obtained from two hospitals in Addis Ababa, Ethiopia.
Addis Ababa is the capital city of Ethiopia, with a population of 5.7
million [23]. The selected hospitals were St. Peter’s Specialized Hospital
and ALERT Comprehensive Specialized Hospital (ALERT), located in
Addis Ababa, Gulele sub-city, and Kolfae Keraniyo sub-city, respec-
tively, and has a high TB patient load. St. Peter Specialized hospital is
the first DR-TB treatment site in Ethiopia and has served as a national
referral center [20]. ALERT hospital started MDR TB treatment in 2011
and was one of the first centers to provide treatment using new and

repurposed anti-TB drugs in Ethiopia [19].
2.2. Sample size estimation

The sample size was determined using a single population-
proportion formula. The proportion of ADR in previous study was
72.4 % [8], with a 95 % CI, 5 % margin of error, and adding a 10 % non-
response rate, the final sample size was 292. Between 2017 and 2023, St.
Peter’s Tuberculosis Specialized Hospital had 534 DR-TB patients, while
ALERT Hospital had 352 DR-TB patients. Proportional allocation was
applied to each hospital, which resulted in 176 patients from St. Peters
Specialized Hospital and 116 patients from ALERT Hospital. A system-
atic random sampling technique was used to select study participants.

At St. Peter’s Hospital, with 534 patients, the sample size was 176,
and the sampling interval (K) was 534/176 = 3. The 3rd patient on the
DR-TB clinic registry was selected first, and then every 3rd patient until
176 participants were reached. A similar procedure was applied at
ALERT Hospital, where 352 DR-TB patients were on the registry, giving
K =352/116 = 3. Every 3rd patient was selected, starting with the third,
until 116 participants were reached. Patients who did not fulfill the
inclusion criteria were skipped, and the sampling continued until the
total of 292 was achieved.

2.3. Participants

All patients who were treated for DR-TB were the source population.
The study populations were patients who were treated with DR-TB at the
selected public hospitals in Addis Ababa in the years 2017 to 2023. The
inclusion criteria were bacteriologically confirmed DR-TB patients of
any age who were treated with second line regimen from 2017 to 2023.
Bdq and DId were introduced to ALERT and St. Peter Specialized Hos-
pital in 2017, and patient charts from 2017 to 2023 were reviewed to
include patients taking these medications. The exclusion criteria was
patients whose charts were incomplete for ADR data, including missed
follow-ups for major laboratory investigations recommended in the
Ethiopian National TB treatment guidelines. In addition, patients who
had confirmed chronic kidney disease, hepatitis, hypothyroidism, and
hearing loss before the initiation of DR-TB treatment were excluded.

2.4. Variables

The dependent variable was ADR. Independent variables were socio-
demographic factors such as age, sex, residence, marital status, and
educational level. Clinical factors included site of TB, TB registration
group, Body Mass Index (BMI), anemia at presentation, treatment
regimen, concomitant drug intake, HIV co-infection, drug resistance
type, hospitalization, and other co-morbidities such as hypertension,
diabetes mellitus, chronic obstructive pulmonary diseases and asthma.

2.5. Definitions

The key scientific terms, measurements, and outcome variables in
the study are summarized as operational definitions in Table 1.

2.6. Data collection

A standardized data abstraction form adapted from the WHO
guidelines and previous literature was used to collect secondary data
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Table 1

Operational definitions of scientific terms, measurements, and outcome vari-

ables in the study.

Term

Operational definition

GI disturbances
Hepatotoxicity
Acute kidney injury
Hypothyroidism
Anemia
Peripheral neuropathy

Hypokalemia
Psychiatric disturbances

Hearing loss or vestibular
disorders
Visual disturbances

Nausea, vomiting, abdominal pain, diarrhea, reflux
hematemesis, melena, or positive occult blood in stool
analysis or by endoscopy [16].

A 3-fold increase in serum transaminases with
symptoms or a 5-fold increase without symptoms.

An increase in creatinine by 1.5-2.0 mg/dl above
baseline during treatment.

A TSH level > 10 mIU/L after 3 months on DR-TB
treatment [18].

Hemoglobin < 12 mg/dl for females and < 13 mg/dl
for males [24].

Tingling, numbness, or burning in the trunk or
extremities, as diagnosed by a clinician [25].

A serum potassium level < 3.0 mEq/L

Anxiety, hallucinations, insomnia, depression, suicidal
ideation, or seizures [7].

Hearing loss or vestibular disorders as confirmed by
audiometry or clinical diagnosis [18].

Vision loss, poor vision, or pain, as diagnosed by a

physician [25].

Pain, swelling, or stiffness in joints or an elevated uric
acid level (>6 mg/dl in women or > 7 mg/dl in men)
[8].

Severely underweight (<16.5), underweight
(16.5-18.49), normal (18.5-24.9), and obese (>30 kg/
m?) [26].

A patient who completed treatment according to
national policy with three or more consecutive
negative cultures 30 days apart after the intensive
phase or at the end of a longer regimen.

A patient who finished treatment without meeting the
criteria for failure or cure.

Treatment failure A regimen is permanently changed or terminated.
Died A patient who passed away during treatment.

Lost to follow-up A patient who either did not start treatment or had
treatment interruption for 2 or more consecutive
months.

A patient with no assigned treatment outcome [18,27].
A patient completes treatment or is cured

A patient with treatment failure, death, or loss to
follow-up [4].

Events leading to death, life-threatening experiences,
hospitalization, significant disability, congenital
anomalies, or requiring intervention to prevent severe
outcomes [28].

Arthralgia

Body mass index

Cured

Treatment completed

Not evaluated
Good treatment outcome
Poor treatment outcome

Serious adverse events

from the patients’ charts. Data on demographic, clinical, ADRs, and
treatment outcomes was collected. The medical records of those treated
for DR-TB were obtained from the DR-TB clinic registries at the two
study sites. A unique identifier was given, and the patient’s name was
not recorded on the data collection form. Three data collectors who had
a first degree in medicine and with a previous experience collecting such
data were recruited. One-day training was given on data collection.
According to the national TB guideline monitoring schedule, clinical
evaluation, laboratory tests, and ECG were done monthly and based on
specific clinical indication [18]. Clinical evaluation and Ischaria test was
done for visual disturbance, while hearing loss was assessed clinically
and using audiometer. Laboratory test results, such as complete blood
count, liver function tests, renal function tests, thyroid function tests,
serum electrolytes, serum uric acid, hepatitis, and HIV were collected as
available. Details of ADRs were recorded, which could be laboratory test
results or clinical reports developed by the clinician handling the pa-
tient. Assessment of ADRs was done at each scheduled and unscheduled
visits. An event diagnosed by a clinician based on one laboratory result
was considered sufficient for the diagnosis of an ADR and the WHO UMC
(Uppsala Monitoring Center) system for standardized causality assess-
ment was used [8]. The principal investigator has done supervision daily
and closely with data collectors from each site. The data was checked for
accuracy, completeness, consistency, coding errors, out-of-range values,
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clarity, missing values and the errors were corrected based on the
finding.

2.7. Data analysis and interpretation

Collected data was cleaned and entered using EPI Data version 3.1,
and was exported to STATA version 17.0. Descriptive statistical methods
were presented using frequency and percentages for categorical vari-
ables, mean, and SD (standard deviation) for continuous variables.
Person-time incidence rate (IR) was used for the occurrence of ADRs.
The Kaplan Meier (KM) curve was used to evaluate survival among in-
dependent variables. Before running the Cox regression model, the
proportional hazard assumption was checked. Graphical presentation,
Schoenfeld residual test, and/or the time-varying covariates (TVC) were
used in the multivariable Cox regression for final decision-making, and
variables with P-value > 0.05 were considered as fulfilling the
assumption. Variables with a p-value below 0.25 in the bivariable Cox
regression model were included in multivariable Cox regression model.
Additionally, crude and adjusted hazard ratios with their 95 % confi-
dence intervals (CI) were estimated, and p-values less than 0.05 indi-
cated statistical significance in the multivariable regression. The
backward elimination method was used.

3. Results
3.1. Socio-demographic and clinical characteristics

A total of 292 DR-TB patients, 176 from St. Peter specialized Hospital
and 116 from ALERT Hospital, were included in the study. Fig. 1 dem-
onstrates the process involved in the selection of the study participants
from the study sites.

Majority of the patients (60.27 %) were from St. Peter Specialized
Hospital. The mean age with (SD) was 34 (+13.64) years. More than half
of the patients were male (55.14 %), while 45.55 % were married.
Majority of the patients were from urban areas (82.88 %), and only
38.01 % had primary education. (Table 2).

More than three-fourths (77.05 %), of the patients had pulmonary
TB, and 59.25 % were treated with long-term regimens with newer
drugs. 96.23 % of the patients had RR TB, 22.95 % had HIV co infection,
and 15.75 % had other comorbidities (Table 3).

3.2. Incidence and implications of adverse drug reactions

The overall incidence of ADRs was 8.10 per 100 persons-month (PM)
(95 %CL 7.02, 9.36) observation. Total follow-up time was 2294
months. The overall median survival time was 8 months. The minimum
follow-up time was 1 month, while the maximum follow-up time was 27
months. The KM curve was used to evaluate survival among indepen-
dent variables (Fig. 2).

A total of 186 (63.69 %) DR-TB patients initially free from any ADR
developed at least one event during treatment. The most common ADR
was gastrointestinal disturbance (31.85 %), followed by peripheral
neuropathy (21.92 %), arthralgia (17.47 %), visual disturbance (16.44
%), and psychiatric disturbances (8.22 %). Less frequently observed
ADRs were anemia (4.79 %), hearing loss (3.42 %), hepatotoxicity (3.08
%), prolonged QT interval (1.71 %), reaction at the injection site (0.68
%), nephrotoxicity (0.68 %), hypothyroidism (0.34 %), and myelosu-
pression (0.34 %) (Table 4).

Drugs identified during treatment were Levofloxacin (Lfx), Moxi-
floxacin (Mfx), Bedaquiline (Bdq), Linezolid (Lzd), Clofazimine (Cfz),
Cycloserine (Cs), Caperomycin (Cm), Prothionamide (Pto), Pyr-
azinamide (Z), Ethambutol (E), Isoniazid (H), Ethionamide (Eto), and
Kanamycin (Km). GI disturbances such as nausea and vomiting and
anemia were the most common cause of serious adverse events. Lastly,
76.03 % of the patients had a good treatment outcome, while 19.52 %
had a poor treatment outcome, and 4.45 % were not evaluated.
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886 DRTB patients were enrolled from
2017 to 2023 in St Peter specialized
hospital and ALERT hospital

42 patients were excluded

16 had incomplete data 292 patients were proportionally allocated to

11 had chronic diseases at baseline < each hospital
15 were missing
176 patients were included 116 patients were included
from St. Peter specialized from ALERT Hospital
Hospital

Fig. 1. Flow chart showing selection of DR-TB patients on treatment in selected public hospitals in Addis Ababa, Ethiopia from 2017 to 2023.

Table 2 Table 3
Socio-demographic characteristics of patients on DR-TB treatment Clinical characteristics of patients on DR-TB treatment in public hospitals
in public hospitals in Addis Ababa, Ethiopia, from 2017 to 2023 (N in Addis Ababa, Ethiopia, from 2017 to 2023 (N = 292).
=292). Variables N (%)
Variables N (%) BMI
Health facility Severely underweight 89 (30.48)
St. Peter Specialized Hospital 176 (60.27) Underweight 51 (17.47)
hh 116 (39.73) Normal 144 (49.32)
Age Obese 8(2.74)
1-25 83(28.42) HIV co-infection
25-49 157(53.77) Yes 67 (22.95)
>50 52 (17.81) No 225 (77.05)
Sex Other comorbidities
Male 161 (55.14) Yes 46(15.75)
Female 131 (44.86) No 246(84.25)
Residence Registration group
Urban 242(82.88) New 132 (45.21)
Rural 50(17.12) Relapse 109 (37.33)
Marital status Treatment after failure or LTFU 51 (17.47)
Single 130 (44.52) Drug resistance type
Married 133 (45.55) RRTB 281(96.23)
Divorced/Separated 18 (6.16) MDR TB 8 (2.74)
Widowed 11 (3.77) Pre XDR TB 3(1.03)
Education Concomitant medication use
No formal education 65 (22.26) Yes 88 (30.14)
Primary education 111 (38.01) No 204 (69.86)
Secondary education 77 (26.37) Site of DRTB
Diploma and above 39 (13.36) Pulmonary TB 225 (77.05)
Extra pulmonary TB 39 (13.36)
Disseminated TB 28 (9.59)
Treatment regimen
3.3. Factors associated with adverse drug reactions Long term regimen 31 (10.62)
Long term regimen with new drug 173 (59.25)
. . . ) . Short term regimen 88(30.14)
To identify factors associated with ADRs, Cox proportional regres- Patient admission
sion model was used. Before fitting the covariate into the model, the Yes 70 (23.97)
proportional hazard assumption was checked graphically, using the No 222 (76.03)
Schoenfeld test, and or using TVC. Bivariate analysis showed that age, ?“em‘a 1 (24.32)
. . . . . . . es .
HIV co-infection, concomitant medication use, registration group, No 221 (75.68)
regimen, patient admission (hospitalization), and anemia were associ- Treatment completion status
ated with ADRs (Table 3). In the multivariable Cox regression, three Good treatment outcome 222 (76.03)
variables were significantly associated with ADRs. Patients aged 25-49 Poor treatment outcome 57 (19.52)
(AHR = 1.53, 95 %CI: 1.05-2.21), age > 50 years (AHR = 1.87, 95 %Cl: Not evaluated 13 (4.45)
1.19-2.93), patient admission status (AHR = 1.53, 95 %CI: 1.10-2.13) Short term regimens Km-Mfx-Pto-Cfz-Z-HH-E or Bdq-Lfx-Cfz-Z-E Hh-Eto.
and anemia at presentation (AHR = 1.58, 95 %CIL: 1.16-2.17) were Fully oral long term regimen Bdq-Lfx/Mfx-Lzd-Cfz-Cs or Bdq-Lfx/Mfx-
statistically significant (Table 5). Lzd-Cfz-Cs-DId.

Long term regimen Lfx-Cm-Pto/Eto-Cs-Z.
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Fig. 2. Kaplan-Meier survival curve for a) age, b) anemia at presentation, ¢) HIV co-infection, and d) hospitalization among DR-TB patients in selected public

hospitals in Addis Ababa, Ethiopia, from 2017 to 2023.
4. Discussion

In this study, the incidence of ADR was 8.10 per 100 person-month
observation. This result is slightly comparable with studies done in
Ethiopia and Uganda, which had an incidence of 5.79 and 5.56 per 100
Person-month observations, respectively [16,29]. However, it is much
higher than a study in Georgia, which had an incidence of 1.16 per 100
Person-month observations [30]. There is variation between these
studies due to differences in the definition of a specific ADR, the type of
adverse event included (such as severe or non-severe, symptomatic or
laboratory-confirmed), and variations in the type of regimen used dur-
ing treatment.

Gastrointestinal disturbance was the most common ADR, occurring
in almost one-third of the participants (31.85 %). This result is compa-
rable with studies done in India and Vietnam, occurring in 34.42 % and
38.5 % of the patients, respectively [10,31]. However, our result is lower
than previous studies done in Ethiopia (70 %) and China (65.4 %), but
higher than a study done in South Korea (18.4 %) [19,32,33]. The
variation between the results could be due to the difference in the
minimum follow-up time, GI disturbance definition, type, and profes-
sion of health workers giving care at clinics, monitoring, and follow-up
mechanisms of treatment centers. Subgroup disturbances in our study
included nausea and vomiting (27.74 %), abdominal pain (1.03 %), and
epigastric pain (5.48 %). Nausea and vomiting were severe enough to
cause serious adverse events in 2.74 % % of the patients, while 2.05 %
had regimen modifications.

Peripheral neuropathy occurred in 21.92 % of the patients, which is
much higher than a study in Ethiopia, which was seen in 9.14 % of the
patients, but the regimen in this study didn’t include new and repur-
posed second line drugs such as Lzd, which could have contributed to the
lower rate of peripheral neuropathy [16]. Furthermore, temporary and
permanent drug discontinuation occurred in 4.1 % and 6.5 % of the
patients, respectively. Arthralgia was the 3rd most common ADR,
occurring in 17.47 % of the patients, comparable with a study done in
India (14.38 %) [34]. However, it is lower than reported in china (67.5
%) [25,32].

Visual disturbances occurred in 16.44 % of the patients, resulting in
temporary and permanent drug discontinuation in 6.5 % and 8.22 %,
respectively. This result is consistent with a study done in western India
in which visual changes occurred in 16 % of the patients [35].

Psychiatric disturbances were found in 8.22 % of the patients, in line
with studies done in Indonesia (7.5 %) and China (9.28 %) [36,37].
However, it is lower than a 2019 study done in Ethiopia (15.32 %) and
Vietnam (33.75 %) [10,16]. This can be due to differences in the defi-
nition of psychiatric disorders and discrepancies between studies on the
number of patients on Cs-containing regimens. The most common psy-
chiatric disorder in our study was insomnia (4.45 %), followed by hal-
lucinations (3.08 %), depression (1.37 %), and suicidal attempts in 2
patients (0.68 %). Hallucinations caused serious adverse event in 3
patients.

In this study, hematologic abnormalities such as anemia and mye-
losuppression occurred in 4.79 % and 0.34 % of the patients,
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Table 4
Characteristics and implication of ADRs during DR-TB treatment in public hospitals in Addis Ababa, Ethiopia from 2017 to 2023. (N = 292).
ADR N (%) Month of presentation Temporary drug Permanent drug RM N DR N SAE N
(median in month) discontinuation N (%) discontinuation (%) (%) (%)
N (%)
GI disturbance 93
(31.85)
Nausea and vomiting 81 3 1(0.34) 0 6(2.05) 0 8(2.74)
(27.74)
Epigastric pain 16(5.48) 4 0 0 0 0 0
Abdominal pain 3(1.03) 3 0 0 0 0 0
Peripheral 64 10 12(4.1) 19(6.5) 0 5(1.71) 0
neuropathy (21.92)
Arthralgia 51 6 6(2.05) 6(2.05) 0 3(1.02) 0
(17.47)
Visual disturbance 48 7.5 19(6.5) 24(8.22) 0 0 0
(16.44)
Psychiatric 24(8.22)
disturbances
Hallucination 9 (3.08) 3 4(1.37) 2(0.68) 0 2(0.68) 3(1.02)
Depression 4 (1.37) 5.5 1(0.34) 0 0 1(0.34) 0
Insomnia 13 6 1(0.34) 2(0.68)( 0 0 0
(4.45)
Suicidal attempts 2 (0.68) 9.5 0 2(0.68) 0 0 0
Anemia 14(4.79) 7 5(1.71) 5(1.71) 0 3(1.02) 12 (4.1)
Hearing loss 10(3.42) 3 0 8(2.73) 0 0 3(1.02)
Hepatotoxicity 9(3.08) 2 6(2.05) 1(0.34) 1(0.34) 0 6(2.05)
Prolonged QT interval 5(1.71) 3 1(0.34) 2(0.68) 0 1(0.34) 0
Reaction at injection 2(0.68) 3.5 0 0 0 0 0
site
Nephrotoxicity 2(0.68) 2 0 2(0.68) 0 0 1(0.34)
Hypothyroidism 1(0.34) 6 0 0 0 0 0
Myelosuppresion 1(0.34) 7 0 1(0.34) 0 0 1(0.34)

Abbreviations; RM: Regimen modification, SAE: Serious adverse event, DR: Dose reduction

respectively, but were serious adverse drug reactions resulting in life-
threatening conditions and prolonged hospitalization. Prolonged Lzd
use has been associated with hematologic abnormalities, but it is highly
dependent on the dose, duration of use, and is reversible with appro-
priate treatment.

Hearing loss occurred in 3.42 % of the patients, and 1.02 % had
serious adverse events that resulted in permanent disability. The prev-
alence of ototoxicity was higher in studies in Italy (11.5%), and Pakistan
(11.2 %) (13, 14, 38). This can be due to the routine use of injectable
aminoglycosides in the above studies, and the absence of routine
audiometric evaluation during treatment in the Ethiopian context could
have contributed to the lower rate of ADRs.

Additionally, 3.08 % of the patients had hepatotoxicity comparable
with studies done in Vietnam (5.8 %) and India (1.6 %) [10,31]. A
prolonged QT interval was seen in 5 (1.71 %) of the patients. This result
is much lower than a study in Ethiopia (16.7 %), which showed pre-
liminary results primarily focusing on patients only on Bdq and Dlm-
containing regimens (19). Nephrotoxicity occurred in 2 (0.68 %) pa-
tients on whom the drug was permanently discontinued and the other
needed prolonged hospitalization. This result is much lower than
another study done in Ethiopia, in which nephrotoxicity was found in
6.7 % of the patients, but this study predominantly included patients
who are on aminoglycoside-containing regimens, which could have
contributed to the higher prevalence of nephrotoxicity [22].

In the multivariable regression, age, anemia, and patient admission
or hospitalization were factors associated with ADRs. ADRs occurred
more frequently in the older age groups of 25-49 and > 50. This result is
in line with studies done in Ethiopia, Iran, and Pakistan [15,16,38]. As
age increases, there are changes in drug pharmacokinetics and phar-
macodynamics resulting in an alteration in the hepatic blood flow dis-
tribution, and combined with a reduced renal function, the clearance
rate of metabolized drugs is reduced. Additionally, since the older age
groups have a higher prevalence of chronic diseases, they are more
likely to take multiple drugs simultaneously, increasing the risk of ADRs

[39,40].

Anemia is another factor associated with ADRs in DR-TB patients.
Anemic patients at presentation were 58 % more likely to develop ADRs
compared to non-anemic ones. This is in line with studies done in
Ethiopia and Peru [16,41]. Anemia is one of the most common labora-
tory abnormalities present in TB, occurring due to nutritional deficiency,
malabsorption and chronic inflammation [42]. Furthermore, other
studies have also shown that the presence of anemia shows severity of
the disease, with the potential to affect subsequent treatment outcomes
and increase the risk of recurrent TB infection [43]. On the other hand,
many of the medications such as H, Cs, E, Z, Cfz, Lfx, and Lzd used for
DR-TB can also cause hematologic ADRs, including anemia [44].

Patient admission status or hospitalization is another factor associ-
ated with the occurrence of ADR. Admitted patients were 53 % more
likely to develop events compared to those on ambulatory care. Since
MDR-TB patients could be effectively treated in an ambulatory basis, a
clinic-based ambulatory mode is the main model of care, and hospi-
talization is reserved for patients with severe medical or social justifi-
cation. Admitted patients usually have a more severe disease and are
more at risk for a greater number of ADRs [18]. Additionally, hospi-
talized patients usually receive close and frequent follow-up during
treatment, which can lead to increased reporting of ADRs among both
health care professionals and patients.

Although this study tried to show the occurrence of ADRs after the
introduction of new and repurposed drugs, there are a few limitations.
Since it is a retrospective study based on a review of the patient charts,
the collected data solely depends on available recordings of the patient
charts, which can lead to an underestimation of reported ADRs. The
retrospective nature has also made it difficult to establish a causal
relationship. Additionally, ADRs such as hearing loss and visual distur-
bance were not routinely assessed using objective methods and were
dependent on the clinical presentation for diagnosis due to limited
resources.
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Table 5

Bivariate and Multivariate analysis of factors associated with occurrence of
adverse drug reactions during DR-TB treatment in public hospitals in Addis
Ababa, Ethiopia, from 2017 to 2023. (N = 292).

Variables Event Censored CHR (95 % AHR (95% P
n= n =106 CI) (@) value
186 (%) (%)

Age
1—24 39(21) 44(41.5) 1 1
25-49 103 54(50.9) 1.49 1.53 0.023*
(55.3) (1.03,2.16) (1.05,2.21)
>50 44 8(7.5) 2.20 1.87 0.006*
(23.7) (1.43,3.40) (1.19,2.93)
HIV status
Negative 134(72) 91(85.8) 1 1
Positive 52(28) 15(14.2) 1.47(1.06, 1.12 0.506
2.03) (0.79,1.58)
Registration group
New 87 45(42.4) 1 1
(46.8)
Relapse 73 36(34) 1.04(0.76, 0.98(0.71, 0.909
(39.2) 1.43) 1.34)
Treatment 26(14) 25(23.6) 0.64(0.41, 0.64(0.41, 0.049
after 0.99) 0.99)
failure or
LTFU
Concomitant medication use
No 119(64) 85(80.2) 1 1
Yes 67(36) 21(19.8) 1.45 0.96 0.866
(1.08,1.97) (0.63,1.47)
Treatment regimen
Short term 40 48(45.3) 1 1
regimen (21.5)
Long term 23 8(7.5) 1.38 1.26 0.374
regimen (12.4) (0.82,2.32) (0.75,2.13)
Long term 123 50(47.2) 1.34 1.09 0.624
regimen (66.1) (0.93,1.93) (0.75,1.60)
with new
drug
Patient admission
No 131 91(85.8) 1 1
(70.4)
Yes 55 15(14.2) 1.64 1.53 0.011*
(29.6) (1.20,2.26) (1.10,2.13)
Anemia
No 126 95(89.6) 1 1
(67.7)
Yes 60 11(10.4) 1.65 1.58 0.004*
(32.3) (1.21,2.25) (1.16,2.17)

AHR: Adjusted hazard ratio CI: Confidence interval.

Short term regimens Km-Mfx-Pto-Cfz-Z-HH-E or Bdq-Lfx-Cfz-Z-E Hh-Eto.

Long term regimen with new drug Bdq-Lfx/Mfx-Lzd-Cfz-Cs or Bdq-Lfx/Mfx-Lzd-
Cfz-Cs-Dld.

Long term regimen Lfx-Cm-Pto/Eto-Cs-Z.

5. Conclusion

More than half of the participants had experienced at least one ADR.
The incidence of ADR was 8.10 per 100 person-month observation. Age
between 25-49, age greater than or equal to 50 years, patient admission,
and baseline anemia were all independent predictors of ADRs during
MDR TB treatment. GI disturbance, followed by peripheral neuropathy
and arthralgia, were the most commonly occurring ADRs during treat-
ment. Additionally, nausea and vomiting, anemia, and hepatotoxicity
were the most commonly reported ADRs that caused a serious adverse
event. Lastly, 76.03 % of the patients had a good treatment outcome,
while 19.52 % had poor treatment outcomes. Special attention should be
given to susceptible groups of older age, hospitalized patients, and
anemic patients on baseline for early prediction, timely management,
and appropriate formulation of treatment regimens to address ADRs.
Additionally, a prospective multicenter study with a larger sample size is
recommended to increase the generalizability of findings. Future studies
should also further explore the long-term squeal of ADRs.
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