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Abstract
Background
The success of tuberculosis treatment relies on patients adhering to their medication regimen consistently. However, adherence levels tend to decrease among patients who experience adverse drug reactions to antitubercular medications, leading to suboptimal treatment outcomes. Hence, this study aimed to examine the types, incidence rates, and severity of adverse reactions caused by first-line antitubercular drugs. Additionally, it aimed to identify factors associated with the development of these reactions. By doing so, the study aimed to facilitate the provision of personalized and effective treatment to patients, ultimately improving treatment outcomes.

Methods
Newly diagnosed patients with active tuberculosis were monitored from the start of their treatment until the completion of therapy. Any adverse reactions to anti-TB drugs that they encountered were carefully recorded. The collected data were analyzed using appropriate statistical methods such as analysis of variance, Chi-squared test, Fisher's exact test, and independent t-tests. Logistic regression was employed to assess the association between adverse drug reactions and various socio-demographic and clinical factors of the patients, using odds ratios as a measure of association.

Results
Among the 378 patients included in the study, 181 individuals (47.9%) reported experiencing at least one adverse drug reaction, with an incidence rate of 1.75 events per 100-person months. The majority of these reactions occurred during the intensive phase of treatment. The gastrointestinal tract was the most commonly affected system, followed by the nervous system and skin. Patients aged over 45 years (OR = 1.55, 95% CI 1.01–2.39, p = 0.046) and those with extrapulmonary tuberculosis (OR = 2.41, 95% CI 1.03–5.64) were more likely to develop gastrointestinal reactions. Female gender was a significant predictor of both skin (OR = 1.78, 95% CI 1.05–3.02, p = 0.032) and nervous system (OR = 1.65, 95% CI 1.07–2.55, p = 0.024) reactions. Additionally, alcohol use and HIV infection were identified as independent predictors of adverse drug reactions affecting all three systems.

Conclusion
Significant risk factors for developing antitubercular drug adverse reactions include alcohol consumption, cigarette smoking, being HIV positive, female gender and extrapulmonary tuberculosis.
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Background
Tuberculosis (TB) remains a significant public health concern worldwide, particularly in developing countries with limited healthcare resources. It is the leading cause of death among individuals living with HIV/AIDS [1], with a rapid progression of the disease in this population [2]. Antibiotic chemotherapy is the fundamental approach to combat TB, and successful treatment outcomes rely on patients maintaining high levels of adherence to their anti-TB medications. In Ghana, the treatment of TB aligns with the World Health Organization's (WHO) recommendations, utilizing a combination of rifampicin, isoniazid, pyrazinamide, and ethambutol. The dosages are calculated based on the patient's weight during the initial 2 months (intensive phase), followed by a continuation phase of rifampicin and isoniazid for an additional 4 months. Most patients undergoing this treatment regimen achieve sputum sterility within 2 weeks, thereby reducing the risk of transmitting the infection in their communities.
The tuberculosis treatment success rate in Ghana has shown improvement over the years, increasing from 50% in 2000 to 84% in 2012 [3]. Aligned with the WHO's End TB Strategy, the Ministry of Health in Ghana aimed to further enhance the treatment success rate to 91% for all forms of TB by 2020. However, as of the end of 2022, the treatment success rate remained at 84% [4]. Nonadherence to treatment is a significant contributing factor to unsuccessful TB treatment outcomes, with approximately half of TB patients failing to complete their treatment. This leads to prolonged infectiousness, relapse, and an increased risk of mortality [5]. In Ghana, studies have indicated treatment adherence rates ranging from 62 to 63% [6, 7], and these studies have revealed that patients who experience adverse drug reactions or have concerns about medication side effects are less likely to adhere to their treatment plans [7–9]. These adverse drug reactions play a major role in nonadherence and can result in significant complications, the development of multi-drug resistant TB, relapse, and even death [10, 11].
Adverse reactions to antitubercular drugs are a prevalent issue during tuberculosis (TB) treatment, contributing to treatment failure, increased morbidity, and mortality. Nevertheless, there is a lack of research investigating the factors that contribute to these adverse reactions among TB patients in Ghana. This study aims to contribute to the existing knowledge by exploring the sociodemographic and clinical determinants of adverse reactions to antitubercular drugs among TB patients in Ghana, a lower-middle-income country. The study findings will assist policymakers in developing a management algorithm for tuberculosis adverse drug reactions (ADRs), enabling healthcare professionals to readily identify TB patients who are at a higher risk of experiencing ADRs. This identification would facilitate proper monitoring and provide more personalized and effective treatment, ultimately improving treatment outcomes and achieving high rates of treatment adherence.

Aim
The objective of this study was to examine the various types of adverse reactions caused by first-line antitubercular drugs, determine their incidence rates, assess their severity, and identify the factors associated with the development of these reactions.

Methods
Study design and participants
This prospective observational study was carried out in eight tuberculosis treatment centres in the Eastern and Ashanti Regions of Ghana. The study sites consisted of three primary care hospitals and one referral hospital in each region. These sites were chosen because they consistently reported the highest number of TB cases annually in their respective regions in the past 5 years.
The study population included all newly diagnosed drug-susceptible TB patients who were ready to start TB treatment. However, only those who were 18 years or older, have access to a mobile phone and agreed to participate by signing a consent form were included while psychiatric patients, those diagnosed with liver or kidney impairment, and those pregnant were excluded.

Data collection and analysis
The data collection tool was designed using REDCap, guided by the study objectives. The tool was validated and pretested in a hospital that was not involved in the main study. The responses from the pretest helped to modify the tool accordingly and to determine the prevalence of ADR among the study population for sample size estimation for the main study.
Participants were contacted via telephone calls at least once a week to inquire about the incidence of any untoward effect from their TB medication from initiation until they completed their treatment, lost to follow-up or died between January 2021 and June 2022. Any adverse reaction that they reported at the clinic and documented in their TB treatment card was also included in the data analysis. The data collection process took place during the peak of the COVID-19 outbreak in Ghana, necessitating the implementation of several safety measures to ensure the well-being of both researchers and participants. As part of these measures, participants and data collectors were provided with face masks, which they wore consistently throughout the study. Additionally, during each visit to the clinic for medication refills, social distancing guidelines were followed, and hand sanitiser was made readily available.
An antitubercular ADR was defined as any negative or unexpected side effect that occurs when a patient is taking standard, first-line drugs i.e. isoniazid, rifampicin, pyrazinamide and ethambutol used to treat tuberculosis. Participants were screened using a list of side effects associated with antitubercular drugs that have been documented in the literature. The Naranjo ADR Probability Scale was used to deduce a causal relationship between the ADR reported and the antitubercular drugs. A causal relationship was confirmed in the following instances: when a patient continued to experience the same reaction after a re-challenge with the drug, when the reaction only occurred following administration of the drug, when the reaction subsided or ceased upon administration of an antidote, and when the patient was not using any alternative medication known to cause the same reaction [12]. Only ADRs classified as Certain (a score of ≥ 9), Probable (a score of 5–8) or Possible (a score of 1–4) were used in the analysis.
Participants' antitubercular ADRs were assessed for severity using Hartwig's ADR severity assessment scale. The ADRs were categorized as severe (levels 5, 6, and 7) if they directly resulted in death, in-patient or prolonged hospitalization. ADRs were classified as moderate (levels 3 and 4) if they necessitated the withholding or discontinuation of anti-TB treatment and/or required an antidote. Mild ADRs (levels 1 and 2) were characterized by the need to withhold anti-TB drugs without the use of an antidote [13, 14]. To facilitate analysis, moderate-to-severe ADRs were grouped as major ADRs, while mild ADRs were considered minor ADRs.
Data cleaning was performed using Microsoft Excel 2016, and subsequent analysis was conducted using Statistical Package for the Social Sciences (SPSS) version 21. Appropriate statistical tests, such as analysis of variance, Chi-squared, Fisher's exact, and independent t-tests, were utilized. The results were presented as frequencies, means, and standard deviations. Logistic regression was employed to identify socio-demographic and clinical factors associated with the development of antitubercular ADRs, reporting both crude odds ratios and adjusted odds ratios. Multivariate analysis was conducted when significant crude odds ratios were observed. Statistical significance was determined at a 5% level, and results were reported with a 95% confidence interval.


Results
Sociodemographic characteristics
The study involved 378 participants who were diagnosed with drug-susceptible tuberculosis with a mean (SD) age of 45.3 (15.1) years (Range: 18–91 years). The majority of participants were males (67.2%), employed (76.5%), had basic education (60.9%), and were diagnosed with pulmonary TB (92.6%). Only 6.4% of participants smoked tobacco, while 25.4% said they drink alcohol and 25.7% had HIV co-infection (Table 1). More than half of the participants were unmarried (single, divorced, or widowed). The mean (SD) baseline weight of study participants was 52.6 (10.7) kg, and the median (IQR) was 50.0 (45–58) kg.Table 1Socio-demographic and clinical characteristics of study participants


	Characteristics
	Number of patients
n
	Percentage of total

	Age (years)
	 	 
	 18–25
	26
	6.9

	 26–35
	84
	22.2

	 36–45
	90
	23.8

	 46–55
	90
	23.8

	 56–65
	49
	13.0

	 ≥ 66
	39
	10.3

	Gender
	 	 
	 Male
	254
	67.2

	 Female
	124
	32.8

	Marital status
	 	 
	 Married
	167
	44.2

	 Single
	127
	33.6

	 Divorced
	41
	10.9

	 Widowed
	43
	11.3

	Employment status
	 	 
	 Employed
	289
	76.5

	 Unemployed
	89
	23.5

	Educational level
	 	 
	 Basic
	230
	60.9

	 Secondary
	70
	18.5

	 Tertiary
	29
	7.7

	 None
	49
	12.9

	Type of TB
	 	 
	 Pulmonary TB
	350
	92.6

	 Extra-pulmonary TB
	23
	6.1

	Both
	5
	1.3

	Smoking status
	 	 
	 Smoker
	24
	6.4

	 Nonsmoker
	354
	93.6

	Alcohol use
	 	 
	 Yes
	96
	25.4

	 No
	282
	74.6

	HIV status
	 	 
	 HIV positive
	97
	25.7

	 HIV negative
	275
	72.8

	 HIV status unknown
	6
	1.5





Incidence, duration and severity of antitubercular adverse drug reactions
Out of the 378 patients who were observed for 51,730 person-months, 181 individuals (47.9%) experienced at least one adverse drug reaction with a total of 904 events. This translated into an ADR incidence rate of 1.75 events per 100-person months. Most of the major ADRs occurred in the gastrointestinal tract, with 73 events reported by 19.3% of patients, followed by the nervous system with 63 events reported by 16.7% of patients, and the skin with 30 events reported by 7.9% of patients, as shown in Fig. 1. The average time for gastrointestinal (GI) symptoms to manifest was around 12 days, with a duration of 13 days. The duration of abdominal pain was found to be longer in smokers compared to nonsmokers (56.0 days vs 9.3 days; p < 0.001). HIV-positive individuals also experienced longer durations of abdominal pain compared to HIV-negative individuals (15.5 days vs 6.8 days; p = 0.023), particularly among those who delayed antiretroviral treatment (19.6 days vs 6.6 days; p = 0.014). Furthermore, smoking (30.2 days vs 11.4 days; p = 0.006), having pulmonary TB (13.8 days vs 4.6 days; p < 0.001), and being male (16.1 days vs 8.0 days; p = 0.003) were associated with a delay in the occurrence of vomiting. On the other hand, nausea occurred earlier in patients with extrapulmonary TB compared to those with pulmonary TB (2.4 days vs 9.0 days; p = 0.004).[image: ]
Fig. 1Type and severity of antitubercular drug adverse reactions reported by study participants


As shown in Table 2, the incidence of nervous system adverse reactions varied between 0.04 events per 100 person-months (seizures) and 6.43 events per 100 person-months (numbness), typically occurring approximately 1 month after initiating treatment. Participants with pulmonary TB and smokers experienced a significantly prolonged delay before experiencing numbness, while numbness lasted longer in females and HIV-positive individuals. The onset of myalgia was delayed in males, and its duration was extended in smokers and participants with extrapulmonary TB. Peripheral neuritis appeared earlier in HIV-positive individuals compared to those without HIV (27.3 days vs 63.7 days; p = 0.011), and the duration of arthralgia was longer in females compared to males (40.0 days vs 18.4 days; p = 0.023), as well as in participants aged 45 years or older.Table 2Incidence of adverse drug reactions by persons and person months


	Adverse effects
	Person months
	Number of Persons (%)
	Number of events
	Incidence†
	95% CI

	Gastrointestinal reactions
	Nausea
	1925
	60 (15.9)
	60
	3.12
	2.42–4.01

	Vomiting
	1945
	58 (15.3)
	58
	2.98
	2.30–3.86

	Anorexia
	1900
	65 (17.2)
	65
	3.42
	2.68–4.36

	Abdominal pain
	1989
	50 (13.2)
	50
	2.51
	1.91–3.32

	Diarrhoea
	2011
	46 (12.2)
	46
	2.29
	1.71–3.05

	Nervous system reactions
	Ataxia
	2238
	6 (1.6)
	6
	0.27
	0.12–0.60

	Numbness
	1665
	107 (28.3)
	107
	6.43
	5.32–7.77

	Dizziness
	1807
	82 (21.7)
	82
	4.54
	3.76–5.76

	Impaired concentration
	2258
	2 (0.5)
	2
	0.09
	0.02–0.35

	Slurred speech
	2247
	4 (1.1)
	4
	0.18
	0.07–0.50

	Seizure
	2264
	1 (0.3)
	1
	0.04
	0.01–0.31

	Peripheral neuritis
	2226
	10 (2.6)
	10
	0.45
	0.24–0.84

	Myalgia
	1832
	76 (20.1)
	80
	4.37
	3.51–5.44

	Arthralgia
	1794
	86 (22.8)
	90
	5.02
	4.08–6.17

	Skin reactions
	Rash
	2172
	17 (4.5)
	17
	0.78
	0.49–1.26

	Pruritus
	1914
	62 (16.4)
	64
	3.34
	2.62–4.27

	Photosensitive skin
	2258
	2 (0.5)
	2
	0.09
	0.02–0.35

	Genitourinary reactions
	Urine discolouration
	1593
	115 (30.4)
	124
	7.78
	6.53–9.28

	Oliguria
	2256
	2 (0.5)
	2
	0.09
	0.02–0.35

	Hepatotoxic reactions
	Hepatitis
	2260
	2 (0.5)
	2
	0.09
	0.02–0.35

	Jaundice
	2229
	7 (1.9)
	7
	0.31
	0.15–0.66

	Ophthalmic reactions
	Blurred vision
	2204
	13 (3.4)
	13
	0.59
	0.34–1.02

	Reduced visual acuity
	2254
	3 (0.8)
	3
	0.13
	0.04–0.41

	Ototoxic reactions
	Tinnitus
	2240
	5 (1.3)
	5
	0.22
	0.09–0.54

	Hearing problem
	2249
	4 (1.1)
	4
	0.18
	0.07–0.47


†Incidence is expressed as number of events per 100-person months. CI: confidence interval



Pruritus, which was the most commonly experienced skin reaction affected 16.4% of participants, with an incidence rate of 3.32 events per 100-person months (Table 2). Skin rash affected 4.5% of patients, with an incidence rate of 0.78 events per 100-person months. The latent period for pruritus was 8.6 days (95% CI 4.6–12.7) from the start of treatment, and it lasted almost 2 weeks. The duration of pruritus was prolonged in HIV-positive participants (p = 0.025). Other patient and clinical factors did not appear to be statistically associated with skin reactions.
Hepatotoxic responses were only recorded in 2.4% of study subjects, and the only genitourinary ADR reported was urine discolouration which affected about one-third of participants. With just 16 and 9 incidents, respectively, the incidence of ocular and ototoxic ADRs was equally low and of moderate severity. None of the ADRs reported by participants resulted in the termination of TB treatment, but there were brief withdrawals and administration of antidotes.

Factors associated with developing a major antitubercular ADR
As depicted in Table 3, participants who were over 45 years old had an odds ratio (OR) of 1.55 with a 95% confidence interval (CI) ranging from 1.01 to 2.39, and a p-value of 0.046, indicating that they were more likely to experience a gastrointestinal adverse effect. Similarly, participants who consumed alcohol had an OR of 2.76 with a 95% CI ranging from 1.71 to 4.56, and a p-value of less than 0.001, indicating a higher likelihood of developing a GI adverse effect. Furthermore, HIV-positive participants had the highest OR of 3.12 with a 95% CI ranging from 1.93 to 5.06, and a p-value of less than 0.001, indicating that they were most likely to experience a GI adverse effect.Table 3Odds of developing adverse drug reactions affecting various systems in association with clinical characteristics


	Characteristics
	GI reactions
	Nervous system reactions
	Skin reactions
	Hepatotoxic reactions

	OR
	95% CI
	OR
	95% CI
	OR
	95% CI
	OR
	95% CI

	Age > 45 years (versus ≤ 45 years)
	1.55
	1.01–2.39
	1.36
	0.90–2.05
	1.37
	0.82–2.31
	1.13
	0.28–4.57

	Female gender (versus male)
	1.36
	0.86–2.13
	1.65
	1.07–2.55
	1.78
	1.05–3.02
	1.55
	0.34–7.03

	Cigarette Smokers (versus nonsmokers)
	0.84
	0.34–2.09
	1.76
	0.77–4.05
	1.48
	0.57–3.88
	–*
	–

	HIV-positive (versus HIV-negative or NA)
	3.13
	1.93–5.06
	3.81
	2.34–6.20
	2.76
	1.60 -4.75
	3.90
	0.86–17.75

	Alcohol use (versus no alcohol)
	2.76
	1.71–4.46
	2.74
	1.71–4.41
	2.67
	1.55–4.60
	0.41
	0.05–3.41

	Extra-pulmonary TB (versus pulmonary TB)
	2.41
	1.03–5.64
	1.95
	0.12–0.83
	–
	–
	–
	–


OR: odds ratio; CI: confidence interval; HIV: human immunodeficiency virus; NA: not available; GI: gastrointestinal; TB: tuberculosis. Boldface entries indicate statistically significant associations. * insufficient numbers so estimates are unreliable
Logistic regression (odds ratio) was used to compare the demographic variables with the likelihood of developing an adverse drug reaction. Aged 45 years and above, HIV positive, alcohol use and extrapulmonary TB had increasing odds of developing GI reaction with odds ratios 1.55, 3.13, 2.76, and 2.41 respectively. Females, HIV positive and alcohol use also had increasing odds of developing nervous system reactions with odds ratios of 1.65, 3.81, and 2.71 respectively. Sociodemographics had no statistical relation with hepatotoxic reactions. Skin reactions had statistical relations with female gender (OR: 1.78), HIV positive (OR: 2.76) and alcohol use (OR: 2.67). In summary, alcohol use and HIV positive have a strong statistical relationship with the development of adverse reactions except for hepatotoxic reactions



We also found that certain factors were independent predictors of nervous system adverse drug reactions. Cigarette smoking had an odds ratio (OR) of 1.76 with a 95% confidence interval (CI) ranging from 0.77 to 4.05, and a p-value of 0.1796, indicating that it was not significantly associated with a nervous system adverse reaction. On the other hand, alcohol use had an OR of 2.74 with a 95% CI ranging from 1.71 to 4.41, and a p-value of less than 0.001, indicating a significant association with a nervous system adverse reaction. Finally, being HIV-positive had the highest OR of 3.81 with a 95% CI ranging from 2.34 to 6.20, and a p-value of less than 0.001, indicating a significant association with a nervous system adverse reaction.
Furthermore, the results indicate that the female gender, alcohol use, and being HIV-positive were predictors of developing a skin reaction. The female gender had an OR of 1.78 with a 95% CI ranging from 1.05 to 3.02, and a p-value of 0.032, indicating a significant association with the development of a skin reaction. Similarly, alcohol use had an OR of 2.67 with a 95% CI ranging from 1.55 to 4.60, and a p-value of 0.0005, indicating a significant association with the development of a skin reaction. Finally, being HIV-positive had an OR of 2.76 with a 95% CI ranging from 1.60 to 4.75, and a p-value of 0.0003, indicating a significant association with the development of a skin reaction.


Discussion
The incidence rate of adverse drug reactions found in the current study was 1.75 events per 100-person months, and nearly half of the participants (47.9%) experienced at least one ADR. This incidence rate was higher compared to a Canadian study [15], which only focused on major ADRs and reported an incidence rate of 1.48. The proportion of patients developing ADRs was similar to findings from Iran [16] and India [17]. It is worth noting that the variability in the incidence of ADRs related to tuberculosis drugs is influenced not only by factors like race or geography but also by the type of study conducted. Retrospective studies that relied on voluntary patient reports tended to record lower rates compared to prospective studies [18].
The majority of ADRs (96.9%, n = 876) experienced by study participants occurred during the intensive treatment phase, which aligns with findings from a study conducted in Brazil [19]. This result was expected, considering that the intensive phase of TB treatment typically involves a higher number of drugs compared to the continuation phase. The administration of multiple drugs can lead to drug–drug interactions, particularly with anti-TB regimens containing rifampicin, which affects the metabolism of concurrent medications. In the continuous phase, the side effects of ADRs appeared to diminish, possibly due to the auto-induction of enzymes, resulting in lower plasma concentrations of rifampicin [20].
The most common ADRs observed in the current study primarily affected the gastrointestinal system, the nervous system, and the skin. Gastrointestinal ADRs encompassed symptoms such as nausea, vomiting, abdominal pain, and diarrhoea. The incidence of gastrointestinal ADRs identified in this study was comparable to findings from Korea [18] but higher than those reported in Malaysia [21]. In terms of ADRs affecting the hepatobiliary system, the proportion of patients experiencing such reactions in this study was lower compared to a Brazilian study [19]. This discrepancy may be attributed to the Brazilian study's inclusion of ADRs detected through laboratory tests in their data analysis, whereas the current study focused solely on clinically observed ADRs. The skin-related adverse drug reactions documented in this study predominantly included pruritus (itching) and rash. These types of skin reactions are commonly associated with medications such as pyrazinamide, isoniazid, rifampicin, and the antiretroviral regimen used for HIV treatment in coinfected patients [22, 23].
More than 40% of patients (n = 155) experienced at least one adverse drug reaction (ADR) affecting the nervous system, although the severity of most of them was found to be mild to moderate. The incidence rate of nervous system ADRs documented in this study was higher compared to rates of 7.1% in Korea [18] and 1.1% in Malaysia [21]. Among the participants, over one-fifth (n = 82; 21.7%) reported experiencing dizziness, with an incidence rate of 4.54 events per 100-person months. This incidence rate exceeded that reported in the Korean and Malaysian studies [18, 21]. Dizziness, which can be attributed to medications such as isoniazid and ethambutol [24, 25], poses a risk of falls, particularly among older individuals, increasing the likelihood of bone fractures and associated morbidity and mortality. Adequate monitoring of elderly TB patients is crucial to prevent or manage such ADRs. Additionally, arthralgia and myalgia were observed as nervous system ADRs in this study, affecting 22.8% and 20.1% of patients, respectively, at rates of 5.02 and 4.37 events per 100-person months. The severity of these symptoms only necessitated analgesic treatment without interrupting TB treatment.
Isoniazid and ethambutol are the primary medications used in TB treatment that can cause ADRs affecting the nervous system [26]. Ethambutol is known to potentially induce reversible optic neuritis. On the other hand, isoniazid can lead to peripheral neuropathy by inhibiting pyridoxine-phosphokinase, an enzyme responsible for converting pyridoxine to pyridoxal 5-phosphate. This conversion is essential for pyridoxine-mediated metabolisms, including those of proteins, carbohydrates, and various compounds such as brain amines [27]. As a result, peripheral neuropathies may occur. However, this can be prevented by supplementing with a daily dose of 50 mg of pyridoxine [26, 27]. In Ghana, the standard practice is to provide pyridoxine supplementation to patients with an increased risk of neuropathy. However, it was found that healthcare staff did not routinely assess the risk of neuropathy for most patients. Pyridoxine supplements were only given to patients when they started experiencing symptoms of neuropathy. This practice could explain the high incidence of numbness observed in this study. It is crucial to enhance provider education on the appropriate use of pyridoxine supplementation to ensure that patients receive its benefits promptly.
Alcohol use and HIV infection were identified as risk factors for developing ADRs affecting the gastrointestinal system, skin, and nervous system. Additionally, the incidence of gastrointestinal ADRs was associated with older age (> 45 years), while nervous system and skin reactions were associated with females and tobacco use, respectively. It is important to note that alcohol consumption increases the risk of ADRs, particularly in women [28]. Alcohol can interfere with the absorption and metabolism of medications when taken concurrently, leading to an increased incidence of ADRs [29, 30].
Isoniazid, a crucial component of the TB treatment regimen in both the intensive and continuation phases, undergoes rapid metabolism in the presence of alcohol. This interaction can result in treatment failure, isoniazid-associated hepatotoxicity, and disulfiram-like reactions [31]. The higher incidence of ADRs observed in alcohol consumers could be attributed to this interaction between alcohol and antitubercular drugs. Therefore, it is crucial to provide counselling to newly diagnosed TB patients, advising them to avoid alcohol or reduce its consumption to acceptable levels of less than 14 units per week [32] during treatment. This approach helps mitigate the risk of developing ADRs and allows patients to benefit from the cardiovascular health advantages associated with reduced alcohol consumption.
The cumulative toxicities and potential interactions between HIV drug regimens and anti-TB drugs put patients at risk of experiencing recurrent adverse drug reactions (ADRs) [23, 33]. The role of HIV in the development of ADRs in TB, as observed in this study, aligns with findings from Canada [15], Nigeria [34], the UK [35], and Brazil [19].
The association between older age and ADR development has been extensively explored and established in the literature [36–38]. As individuals age, physiological changes occur in the body, even in the absence of chronic diseases. These changes can impact the pharmacokinetic profiles of medications, including factors such as volume of distribution, metabolism, and rate of excretion, ultimately leading to prolonged half-life and increased toxicities [39].
Females, in general, tend to be more susceptible to ADRs compared to their male counterparts [40–44]. In Ghana, the anti-TB drug regimen consists of a single pill containing four medications (during the intensive phase) or two medications (during the continuation phase) to enhance adherence, making individualized dosing challenging. Consequently, healthcare professionals rely on weight bands to determine the appropriate doses, which may introduce inaccuracies. However, males typically have more muscle mass and heavier bones than females, resulting in healthy men often weighing more than healthy women of the same height. Since the administration of TB drugs in the study sites is typically based on weight bands, this could potentially lead to females receiving higher doses of anti-TB drugs, thereby increasing the incidence of ADRs, as observed [45]. This discrepancy may explain the higher incidence of ADRs reported in females compared to males.
Active tobacco smokers have a higher risk of experiencing extrapulmonary TB, as well as severe recurrent pulmonary TB [46], and increased susceptibility to developing adverse drug reactions (ADRs) from anti-TB medications [17, 47, 48]. Therefore, it is essential to provide counselling to TB patients who smoke, encouraging them to quit smoking. By doing so, they can not only avoid the occurrence of such ADRs but also benefit from improved cardiovascular health and reduced risks of cancer associated with smoking cessation [49, 50].
It was observed that patients with extrapulmonary TB had more than twice the likelihood of developing gastrointestinal ADRs (p < 0.05) and nearly twice the likelihood of developing nervous system ADRs (p > 0.05) compared to those with pulmonary TB. Although a causal relationship was not established, similar findings have been reported in previous studies [34, 51]. Consequently, it is crucial to monitor extrapulmonary TB patients adequately, facilitating timely diagnosis and appropriate management of these ADRs.

Further research
Considering that TB treatment outcomes go beyond microbiologic cure, it is essential to examine the impact of these ADRs on patients' health-related quality of life and overall treatment outcomes. This broader perspective will contribute to expanding the scientific community's knowledge in this field.

Strengths and weaknesses
This study represents one of the recent endeavours in Ghana aimed at evaluating adverse reactions associated with antitubercular drugs and exploring their contributing factors. The findings of this study will provide valuable insights for healthcare practitioners to identify vulnerable patients and promptly diagnose and treat their adverse drug reactions. By incorporating a relatively higher number of study sites (8), participants from diverse backgrounds were monitored, enhancing the generalizability of the findings. However, it is important to note that the study sites only included primary and secondary hospitals, thereby excluding TB patients receiving treatment from lower-level health facilities like health centres or higher-level facilities such as tertiary hospitals. Furthermore, due to financial constraints, laboratory tests to assess the impact of anti-TB drugs on renal, cardiovascular, and hepatic enzymes could not be conducted. Therefore, future studies that encompass patients from a broader range of health facilities and incorporate laboratory assessments of adverse drug reactions will provide additional perspectives to the discussion surrounding antitubercular adverse drug reactions.

Conclusion
Approximately half of the participants experienced at least one adverse drug reaction, with the gastrointestinal tract being the most commonly affected, followed by the nervous system and skin. A majority of these ADRs occurred during the intensive phase of treatment. Significant risk factors for developing adverse reactions to antitubercular drugs include alcohol consumption, cigarette smoking, being HIV positive, being female, and having extrapulmonary tuberculosis. Therefore, healthcare providers treating tuberculosis must identify these vulnerable patient groups to prevent, diagnose, and manage these ADRs. By doing so, patients can adhere to treatment and achieve higher cure rates.

Acknowledgements
The authors are grateful to all tuberculosis patients who willingly participated in the study.

Author contributions
Conceptualization and study design: RDAD, BPA, MNAOA; Data investigation: RDAD; Data analysis: RDAD; First manuscript draft: RDAD; Manuscript revising: BPA, MNAOA. All authors read and approve the final version of the manuscript.

Funding
The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.

Data availability
The datasets generated and analysed during the current study are included in this published article as a Additional file 1.

Declarations
Ethics approval and consent to participate
On January 2, 2021, the study obtained ethical approval from the Ghana Health Service Ethics Review Committee under the reference number GHS-ERC 007/11/20. The study strictly followed ethical standards by enrolling participants who were fully informed about the study's purpose and procedures, and who willingly provided written informed consent for their participation and publication of the findings. The study upheld principles of voluntary involvement, beneficence, nonmaleficence, as well as privacy and confidentiality. Participants had the right to withdraw from the study at any time without needing to provide a reason.

Consent for publication
Not applicable.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.


References
	1.
Gupta R, Lucas S, Fielding K, Lawn S. Prevalence of tuberculosis in post-mortem studies of HIV-infected adults and children in a resource-limited setting: a systematic review and meta-analysis. AIDS. 2015;29:1987–2002.CrossrefPubMed

	2.
Luetkemeyer A. Tuberculosis and HIV. HIV InSite 2013. http://​hivinsite.​ucsf.​edu/​InSite?​page=​kb-05-01-06#S2X. Accessed Jan 28 2019.

	3.
MOH. The National Tuberculosis Health Sector Strategic Plan for Ghana: 2015–2020. Ministry of Health 2015:1–132.

	4.
WHO. Global Tuberculosis Report 2020. Geneva: 2020.

	5.
Pablos-Méndez A, Knirsch CA, Barr RG, Lerner BH, Frieden TR. Nonadherence in tuberculosis treatment: predictors and consequences in New York City. Am J Med. 1997;102:164–70. https://​doi.​org/​10.​1016/​s0002-9343(96)00402-0.CrossrefPubMed

	6.
Boateng S, Kodama T, Tachibana T, Hyoi N. Factors contributing to Tuberculosis (TB) defaulter rate in New Juaben Municipality in the Eastern Region of Ghana. J Natl Inst Public Health. 2010;59:291–7.

	7.
Danso E, Addo IY, Ampomah IG. Patients’ compliance with tuberculosis medication in Ghana: evidence from a Periurban community. Adv Public Health. 2015;2015:948487. https://​doi.​org/​10.​1155/​2015/​948487.Crossref

	8.
Chen X, Du L, Wu R, Xu J, Ji H, Zhang Y, et al. The effects of family, society and national policy support on treatment adherence among newly diagnosed tuberculosis patients: a cross-sectional study. BMC Infect Dis. 2020;20:623. https://​doi.​org/​10.​1186/​s12879-020-05354-3.CrossrefPubMedPubMedCentral

	9.
Zegeye A, Dessie G, Wagnew F, Gebrie A, Islam SMS, Tesfaye B, et al. Prevalence and determinants of anti-tuberculosis treatment non-adherence in Ethiopia: a systematic review and meta-analysis. PLoS ONE. 2019;14:1–15. https://​doi.​org/​10.​1371/​journal.​pone.​0210422.Crossref

	10.
Addington WW. Patient compliance: the most serious remaining problem in the control of tuberculosis in the United States. Chest. 1979;76:741–3. https://​doi.​org/​10.​1378/​chest.​76.​6_​supplement.​741.CrossrefPubMed

	11.
Mason JO. Opportunities for the elimination of tuberculosis. Am Rev Respir Dis. 1986;134:201–3. https://​doi.​org/​10.​1164/​arrd.​1986.​134.​2.​201.CrossrefPubMed

	12.
Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, et al. A method for estimating the probability of adverse drug reactions. Clin Pharmacol Ther. 1981;30:239–45.CrossrefPubMed

	13.
Nebeker JR, Barach P, Samore MH. Clarifying adverse drug events: a clinician’s guide to terminology, documentation, and reporting. Ann Intern Med. 2004;140:795–801.CrossrefPubMed

	14.
Hartwig SC, Siegel J, Schneider PJ. Preventability and severity assessment in reporting adverse drug reactions. Am J Hosp Pharm. 1992;49:2229–32.PubMed

	15.
Yee D, Valiquette C, Pelletier M, Parisien I, Rocher I, Menzies D. Incidence of serious side effects from first-line antituberculosis drugs among patients treated for active tuberculosis. Am J Respir Crit Care Med. 2003;167:1472–7. https://​doi.​org/​10.​1164/​rccm.​200206-626OC.CrossrefPubMed

	16.
Gholami K, Kamali E, Hajiabdolbaghi M, Shalviri G. Evaluation of anti-tuberculosis induced adverse reactions in hospitalized patients. Pharm Pract (Granada). 2006;4:134–8.PubMed

	17.
Konuru V, Venkateswarlu K, Tiwari K. Study of adverse drug reactions in tuberculosis patients. J Pharma Res. 2017;6:61–5.

	18.
Chung SJ, Byeon SJ, Choi JH. Analysis of adverse drug reactions to first-line anti-tuberculosis drugs using the Korea adverse event reporting system. J Korean Med Sci. 2022. https://​doi.​org/​10.​3346/​jkms.​2022.​37.​e128.CrossrefPubMedPubMedCentral

	19.
Sant’Anna FM, Araújo-Pereira M, Schmaltz CAS, Arriaga MB, de Oliveira RVC, Andrade BB, et al. Adverse drug reactions related to treatment of drug-susceptible tuberculosis in Brazil: a prospective cohort study. Front Trop Dis. 2022. https://​doi.​org/​10.​3389/​fitd.​2021.​748310.Crossref

	20.
Benedetti MS, Dostert P. Induction and autoinduction properties of rifamycin derivatives: a review of animal and human studies. Environ Health Perspect. 1994;102:101–5.Crossref

	21.
Kurniawati F, AzharSyedSulaiman S, Wasif Gilani S. Adverse drug reactions of primary anti-tuberculosis drugs among tuberculosis patients treated in chest clinic. Int J of Pharm Life Sci. 2012;3:1331–8.

	22.
Khayyam KU, Imam F, Sharma M, Pillai KK, Behera D. Pyrazinamide-induced maculopapular rash. Indian J Dermatol. 2010;55:384. https://​doi.​org/​10.​4103/​0019-5154.​74562.CrossrefPubMedPubMedCentral

	23.
Shenoy A, Chowta M, Gadgade A, Jha A, Ramapuram J. Evaluation of adverse drug reactions in HIV positive patients in a tertiary care hospital. Perspect Clin Res. 2015;6:34. https://​doi.​org/​10.​4103/​2229-3485.​148808.CrossrefPubMedPubMedCentral

	24.
Snavely SR, Hodges GR. The neurotoxicity of antibacterial agents. Ann Intern Med. 1984;101:92–104. https://​doi.​org/​10.​7326/​0003-4819-101-1-92.CrossrefPubMed

	25.
Aouam K, Chaabane A, Loussaïef C, ben Romdhane F, Boughattas NA, Chakroun M. Adverse effects of antitubercular drugs: epidemiology, mechanisms, and patient management. Med Mal Infect. 2007;37:253–61. https://​doi.​org/​10.​1016/​J.​MEDMAL.​2006.​12.​006.CrossrefPubMed

	26.
Vilholm OJ, Christensen AA, Zedan AH, Itani M. Drug-induced peripheral neuropathy. Basic Clin Pharmacol Toxicol. 2014;115:185–92.CrossrefPubMed

	27.
Snider DE Jr. Pyridoxine supplementation during isoniazid therapy. Tubercle. 1980;61:191–6.CrossrefPubMed

	28.
Onder G, Landi F, della Vedova C, Atkinson H, Pedone C, Cesari M, et al. Moderate alcohol consumption and adverse drug reactions among older adults. Pharmacoepidemiol Drug Saf. 2002;11:385–92. https://​doi.​org/​10.​1002/​PDS.​721.CrossrefPubMed

	29.
Fraser AG. Pharmacokinetic interactions between alcohol and other drugs. Clin Pharmacokinet. 1997;33:79–90.CrossrefPubMed

	30.
Moore AA, Whiteman EJ, Ward KT. Risks of combined alcohol/medication use in older adults. Am J Geriatr Pharmacother. 2007;5:64–74.CrossrefPubMedPubMedCentral

	31.
Baciewicz AM. Isoniazid interactions. South Med J. 1985;78:714–8.CrossrefPubMed

	32.
NHS. Drink less - Better Health - NHS 2022. https://​www.​nhs.​uk/​better-health/​drink-less/​.

	33.
Piggott DA, Karakousis PC. Timing of antiretroviral therapy for HIV in the setting of tuberculosis treatment. Clin Dev Immunol. 2011. https://​doi.​org/​10.​1155/​2011/​103917.CrossrefPubMed

	34.
Michael OS, Sogaolu OM, Fehintola FA, Ige OM, Falade CO. Adverse events to first-line anti-tuberculosis drugs in patients co-infected with HIV and tuberculosis. Ann Ibd Pg Med. 2016;14:21–9.

	35.
Breen RAM, Miller RF, Gorsuch T, Smith CJ, Schwenk A, Holmes W, et al. Adverse events and treatment interruption in tuberculosis patients with and without HIV co-infection. Thorax. 2006;61:791–4. https://​doi.​org/​10.​1136/​thx.​2006.​058867.CrossrefPubMedPubMedCentral

	36.
Davies EC, Green CF, Taylor S, Williamson PR, Mottram DR, Pirmohamed M. Adverse drug reactions in hospital in-patients: a prospective analysis of 3695 patient-episodes. PLoS ONE. 2009;4:e4439. https://​doi.​org/​10.​1371/​journal.​pone.​0004439.CrossrefPubMedPubMedCentral

	37.
Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, et al. Adverse drug reactions as cause of admission to hospital: prospective analysis of 18 820 patients. BMJ. 2004;329:15–9. https://​doi.​org/​10.​1136/​bmj.​329.​7456.​15.CrossrefPubMedPubMedCentral

	38.
Cunningham G, Dodd TRR, Grant DJ, Mcmurdo MEI, Michael R, Richards E. Drug-related problems in elderly patients admitted to Tayside hospitals, methods for prevention and subsequent reassessment. Age Ageing. 1997;26:375–82.CrossrefPubMed

	39.
Mangoni AA, Jackson SHD. Age-related changes in pharmacokinetics and pharmacodynamics: basic principles and practical applications. Br J Clin Pharmacol. 2004;57:6–14. https://​doi.​org/​10.​1046/​j.​1365-2125.​2003.​02007.​x.CrossrefPubMedPubMedCentral

	40.
de Vries ST, Denig P, Ekhart C, Burgers JS, Kleefstra N, Mol PGM, et al. Sex differences in adverse drug reactions reported to the National Pharmacovigilance Centre in the Netherlands: an explorative observational study. Br J Clin Pharmacol. 2019;85:1507–15.CrossrefPubMedPubMedCentral

	41.
Yu Y, Chen J, Li D, Wang L, Wang W, Liu H. Systematic analysis of adverse event reports for sex differences in adverse drug events. Sci Rep. 2016;6:1–9.

	42.
Castellana E, Chiappetta MR, Cattel F. Gender differences and pharmacovigilance: analysis in the Italian population. Ital J Gender-Specific Med. 2018;4:27–33.

	43.
Montastruc J-L, Lapeyre-Mestre M, Bagheri H, Fooladi A. Gender differences in adverse drug reactions: analysis of spontaneous reports to a Regional Pharmacovigilance Centre in France. Fundam Clin Pharmacol. 2002;16:343–6. https://​doi.​org/​10.​1046/​j.​1472-8206.​2002.​00100.​x.CrossrefPubMed

	44.
Sinha K, Marak IT, Singh W. Adverse drug reactions in tuberculosis patients due to directly observed treatment strategy therapy: experience at an outpatient clinic of a teaching hospital in the city of Imphal, Manipur, India. J Assoc Chest Phys. 2013. https://​doi.​org/​10.​4103/​2320-8775.​123213.Crossref

	45.
Gustafson P. Gender differences in risk perception: theoretical and methodological perspectives. Risk Anal. 1998. https://​doi.​org/​10.​1023/​B:​RIAN.​0000005926.​03250.​c0.CrossrefPubMed

	46.
Maurya V, Vijayan VK, Shah A. Smoking and tuberculosis: an association overlooked. Int J Tuberc Lung Dis. 2002;6:942–51.PubMed

	47.
Chung-Delgado K, Revilla-Montag A, Guillen-Bravo S, Velez-Segovia E, Soria-Montoya A, Nuñez-Garbin A, et al. Factors associated with anti-tuberculosis medication adverse effects: a case-control study in Lima. Peru PLoS One. 2011;6:1–5. https://​doi.​org/​10.​1371/​journal.​pone.​0027610.Crossref

	48.
Ma Y, Che N-Y, Liu Y-H, Shu W, Du J, Xie S-H, et al. The joint impact of smoking plus alcohol drinking on treatment of pulmonary tuberculosis. Eur J Clin Microbiol Infect Dis. 2019;38:651–7. https://​doi.​org/​10.​1007/​s10096-019-03489-z.CrossrefPubMed

	49.
Baker CL, Flores NM, Zou KH, Bruno M, Harrison VJ. Benefits of quitting smoking on work productivity and activity impairment in the United States, the European Union and China. Int J Clin Pract. 2017;71:1–10. https://​doi.​org/​10.​1111/​ijcp.​12900.Crossref

	50.
Toll BA, Rojewski AM, Duncan LR, Latimer-Cheung AE, Fucito LM, Boyer JL, et al. Quitting smoking will benefit your health: the evolution of clinician messaging to encourage tobacco cessation. Clin Cancer Res. 2014;20:301–9. https://​doi.​org/​10.​1158/​1078-0432.​CCR-13-2261.CrossrefPubMedPubMedCentral

	51.
Lorent N, Sebatunzi O, Mukeshimana G, van den Ende J, Clerinx J. Incidence and risk factors of serious adverse events during antituberculous treatment in Rwanda: a prospective cohort study. PLoS ONE. 2011;6:e19566. https://​doi.​org/​10.​1371/​JOURNAL.​PONE.​0019566.CrossrefPubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Determinants of adverse reactions to first-line antitubercular medicines: a prospective cohort study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40545_2023_577_Fig1_HTML.png
Percentage ot participants

39.0%

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

Gastrointestinal ~ Nervous Skin reactions Genitourinary  Hepatotoxic
reactions system reactions reactions
reactions

Type of adverse reactions

m Major reactions ®m Minor reactions

Ophthalmic
reactions

Ototoxic
reactions





OEBPS/css/sidebar.gif





