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Introduction
In many developing countries, the disease burden of tuberculosis 

(TB) has been increasing as many people contract TB secondary 
to compromised immunity, largely due to high rates of human 
immunodeficiency virus (HIV) infection and the corresponding 
development of AIDS [1]. The WHO estimates that about 1.1 million 
(13%) of the 8.6 million people who developed TB worldwide were HIV 
positive with Africa accounting for about 75% of the estimated number 
of HIV positive incident TB cases [2]. In Cameroon, the incidence of 
TB including TB/HIV co-infection stands at 238 per 100,000 [3] and 
in Africa, TB is the leading cause of illness and death in people living 
with HIV [4].

The interaction between these two infections is bidirectional. 
People living with HIV are not only found to have increased risk of 
developing active TB disease but are also found to have higher rates of 
TB relapse and treatment failure especially when living in areas of high 
TB incidence [5]. On the other hand, at the time of TB diagnosis, most 
patients with co-infection have advanced HIV disease as defined by low 
CD4+ cell counts, high viral loads and are grouped under either WHO 
Stage 3 or 4 HIV/AIDS disease [6]. Thus many patients who commence 
antiretroviral (ARV) treatment in areas of high TB prevalence will do so 

while on anti-TB treatment and amongst patients established on ARV, 
many will need to be treated for TB during their lifetime.

The time of initiation of anti-TB or ARV treatment in TB/HIV 
co-infected patients is crucial and the latest WHO treatment policy 
guideline stipulates that ARVs should be provided to all TB/HIV co-
infected patients, irrespective of their CD4+ cell count (and to all 
people living with HIV/AIDS with a CD4 cell count less than 350) [7]. 
However, the combined use ARVs in individuals undergoing treatment 
for TB may be complicated with issues related to high pills burden, 
pharmacokinetic, drug interactions, immune reconstitution syndrome, 
and overlapping adverse effects [8,9]. 

Abstract
Background: Hepatotoxicity is one of the most frequent adverse events induced by anti-tuberculosis chemotherapy 

and remains one of the main causes of treatment interruption during TB treatment leading to hospitalization and life 
threatening events. Despite the high prevalence of TB/HIV co-infection in sub-Sahara Africa, paucity of data still exists 
on anti-TB drugs induced hepatotoxicity in HIV patients. Therefore, this study was aimed to determine the incidence 
and risk factors of hepatotoxicity induced by anti-tuberculosis drugs in HIV patients.

Methods: From March to September 2013, we conducted a nested case-control study by retrospectively following 
up TB/HIV co-infected patients on anti-TB treatment at the Buea and Limbe Regional Hospitals. Patients who 
developed hepatotoxicity due to increased liver enzymes (ALAT and ASAT) after anti-TB treatment initiation were 
labelled as “cases” while those without hepatotoxicity were “controls”. Each case was compared with 3 randomly 
selected controls.

Results: From the 191 TB/HIV patients recruited in the study, 26 developed hepatotoxicity. These 26 were labelled 
as cases and were compared to 78 randomly selected controls. WHO HIV/AIDS clinical stage 4, BMI<18.5 Kg/m2, 
CD4 count<50 cells/mm3, hepatitis B co-infection, and extra pulmonary TB were significantly associated with the 
development of anti-TB drug induced hepatotoxicity. These variables were then analysed using multivariate logistic 
regression and BMI<18.5 Kg/m2 [P=0.033; AOR=3.7] and hepatitis B co-infection [P=0.019; AOR=6.6] were identified 
as independent predictors of anti-TB induced hepatotoxicity.

Conclusion: The incidence of anti-TB drug induced hepatotoxicity was 13.61%. The findings suggest that TB/
HIV co-infected patients presenting with poor nutritional status as defined by BMI<18.5 Kg/m2 andhepatitis B should 
be closely monitored by clinicians especially during the intensive phase of anti-tuberculosis chemotherapy for better 
patient management and for the prevention of morbidity and mortality. 
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Hepatotoxicity remains one of the most frequent adverse effects 
of anti-TB treatment and anti-TB drug-induced hepatotoxicity 
(ATDIH), as it has been shown to lead to both treatment interruptions 
and ineffectiveness [10,11] while causing substantial morbidity and 
mortality [12]. ATDIH has been associated with three of the first line 
anti-TB drugs; rifampicin, isoniazid, and pyrazinamide [13] and the 
risk of developing ATDIH is enhanced when these drugs are used in 
combination.

Data show that hepatotoxicity induced by anti-TB drugs occurs in 
2-28% in HIV negative TB treated patients [12]. Though the risk factors 
for hepatotoxicity during TB treatment have been assessed in HIV-
negative patients [14], these risk factors have rarely been evaluated in 
HIV-infected patients, and despite the high prevalence of TB/HIV co-
infection especially in Africa, paucity of data still exists on ATDIH in 
HIV patients as liver function tests are not usually routine laboratory 
tests in these countries. Besides, limited studies have been conducted 
that showed the incidence of hepatotoxicity induced by anti-TB drug 
among TB/HIV co-infected patients in the study area. In this study, we 
investigate the incidence of and determine significant risk factors and 
predictors for ATDIH in patients co-infected with TB/HIV. 

Methods
We conducted a nested case-control study involving prospectively 

enrolled TB/HIV co-infected inpatients and/or outpatients visiting the 
TB units of the Buea and Limbe regional Hospitals in Fako Division of 
the South West Region of Cameroon from March to September 2013. 
These hospitals are state-own hospitals that provide services to the 
approximately 40,000 inhabitants in Fako Division. The participants 
comprised both those who had and who had not started ARV 
treatment before commencing anti-TB treatment. All the participants 
were more than 18 years and satisfied a basic inclusion criterion of 
completely normal findings on alanine aminotransferase (ALAT) and 
aspartate aminotransferase (ASAT) at the beginning of tuberculosis 
treatment. Excluded from the study were participants with higher than 
normal ALAT and ASAT levels at the beginning of TB treatment. The 
participants who developed hepatotoxicity were labelled as “cases” and 
the remaining participants without hepatotoxicity were marked as 
“controls”. Each case was compared with 3 randomly selected controls. 
Some variables were collected retrospectively from patients’ registers 
while others were measured prospectively.

Blood samples were collected in five (5) phases; prior to 
commencement of TB treatment, three times during the intensive 
phases of TB treatment and one time during the continuation phase 
as follows: 

• Phase 1: prior to placement on anti-TB treatment 

• Phase 2: two weeks after initiation of anti-TB treatment 

• Phase 3: one month after anti-TB treatment initiation

• Phase 4: two months after anti-TB treatment initiation

• Phase 5: three months after anti-TB treatment initiation

Treatment protocol

In Cameroon, the treatment of TB in HIV patients is the same as in 
HIV negative patients. According to her National Tuberculosis Manual 
for Health Personnel, a case definition of TB in HIV patients includes 
those new patients who have smear-positive pulmonary TB, those 
patients presenting with clinical signs and symptoms suggestive of 
pulmonary TB despite 3 negative sputum examinations and those with 

extra-pulmonary TB as defined by signs and symptoms of the organ 
affected. TB treatment according to this manual consists of an 8 weeks 
intensive phase combination of rifampicin, isoniazid, pyrazinamide 
and ethambutol (RHZE as 150/75/400/275 mg tablet) during the 
intensive phase followed by rifampicin and isoniazid (RH as 300/150 
mg) for 4 months for all new cases. The treatment of TB relapse is an 
eight months therapy of two months RHZE and streptomycin (S), one 
month of RHZE and five months of RHE.

Classification of hepatotoxicity

Hepatotoxicity was defined solely on the basis of biochemical 
measurements as an elevation in serum ALAT and/or ASAT level 
from the normal range and was categorized according to a modified, 
standardized toxicity grade scale [15]. Normal serum ASAT and 
ALAT levels were considered as ASAT=0-37 and ALAT<41 IU/l. 
Hepatotoxicity was classified as grade 1, 1.25-2.5xULN; grade 2, 2.6-
5xULN; grade 3, 5.1-10xULN; grade 4, greater than 10xULN. 

Statistical analyses

Statistical analyses were performed using Statistical Package for 
Social Sciences (SPSS) version 17.0. Frequencies and percentages 
were used to present categorical variables while means plus standard 
deviations or median and inter-quartile range were used to present 
continuous variables. The risk factors considered for the study were age 
group, gender, CD4+ cell count, hepatitis B co-infection, WHO clinical 
stage of HIV/AIDS, type of TB, body mass index (BMI), type of ARV 
regimen, and concurrent usage of cotrimozaxole with the dependent 
variable being the occurrence of ATDIH. The various risk factors in 
the study population were analysed using chi-square test for categorical 
variables or the independent t-test to compare means for continuous 
variables for the evaluation of the differences between the cases and 
controls. The variables were then evaluated with binary logistic 
regression to identify significant risk factors and compute odd ratios for 
the development of hepatotoxicity. Identified risk factors were imputed 
into multivariate regression model to identify independent predictors 
of hepatotoxicity induced by anti-TB drugs. P<0.05 was considered as 
statistically significant. Kaplan Meier methods were used to estimate 
the probabilities of developing hepatotoxicity with duration of anti-TB 
drugs. 

Ethical considerations

All aspects of the study were conducted in accordance to the 
Declaration of Helsinki (16) and conformed to international ethical 
standards. A favourable ethical approval was obtained from the South 
West Regional Delegation of Public Health and the Faculty of Health 
Sciences Ethical Review Board. Eligible males and females who fitted 
the selection criteria were free to participate in the study after been 
correctly schooled on the benefits and risks of the study and their 
signed informed concerns obtained.

Results
A total of 212 HIV/TB co-infected patients visiting the Limbe and 

Buea Regional hospitals in Fako Division of the South West region of 
Cameroon were eligible for the study. Seventeen (I7) of the eligible 
patients declined enrolment, one of the patients died during the early 
stages and 3 were lost during the early stages. A cohort of 191 patients 
participated in the study amongst whom, 26 developed grade 1 and 
above ATDIH, giving an incidence of 13.61%. Each case was compare 
with three controls giving 78. The characteristics of the 26 cases and 78 
controls randomly selected controls are described in Table 1. 
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The majority (62.5%) were females. The median age of the cases was 
40.5 years with an inter quartile range (IQR) of 34.75 to 48.25 while the 
median age of the controls was 39 years with an IQR of 33-45 years. The 
participants were stratified into three age categories; 15-30 years, 31-45 
years and>45 years and the majority 12 cases (46.15%) and 45 controls 
(45.57%) were in the age range of 31-45 years. 

Sixty five (62.46%) had sputum positive pulmonary tuberculosis 
(SPPTB), 12 (11.54%) had sputum negative pulmonary tuberculosis 
(SNPTB), and the remaining 27 (25.96%) had extra pulmonary 
tuberculosis. The body mass index (BMI) was stratified into two 
categories; <18.5 kg/m2 and ≥18.5 kg/m2. Of the total study participants, 
61 (78.21%) had BMIs less than 18.5 kg/m2. According to WHO HIV/
AIDS staging based on clinical co-infections or diseases, 77 (74.04%) 
were on stage 3 and the remaining 27 (25.96%) were in stage 4. Seven 
(26.9%) of the cases were positive for hepatitis B virus (HBV) while 5 
(6.41%) of the controls had HBV. The median (IQR) CD4+ cell counts 
were 47.5 (37.5-115) cells/mm3 for the cases and 99.5 (48.5-198.75) 
cells/mm3 for the controls.

Only eleven (14.10%) of the total participants were on the 8 months 
TB retreatment scheme (2HRZES/1HRZE/5HRE) therapy of which 
2 were from the cases (7.69%, n=26). Sixty-nine (19 cases and 50 
controls) had been on ARV therapy with different ARV regimens before 
initiation of TB treatment of which 40 (57.97%) were on nevirapine-
based therapy, 25 (36.23%) were on efavirenz-based therapy and the 
remaining 4 (5.80%) were on boosted PIs. The mean number of days 
on ARV before commencement of anti-TB treatment was 97.26 ± 82.41 

and 142.76 ± 85.94 for the cases and controls respectively. A total of 
64 (61.53%) were on cotrimoxazole prophylaxis of which 18 (17.31%) 
were from the cases. 

NVP: Nevirapine, EFV: Efavirenz, PIs: Protease Inhibitors, 
H: Isoniazid, R: Rifampicin, Z: Pyrazinamide, E: Ethambutol, S: 
Streptomycin, SPPTB: Sputum Positive Pulmonary Tuberculosis, 
SNPTB: Sputum Negative Pulmonary Tuberculosis, EPTB: Extra 
Pulmonary Tuberculosis

Biochemical scope of ATDIH

The increase in liver enzymes were classified into different grades 
of hepatotoxicity (Table 2) according to modified, standardized toxicity 
grade scale [15]. The timeline to the development of the various grades 
of ATDIH following initiation of anti-TB treatment has been presented 
Figure 1.

Identification of factors associated with the development of 
ATDH

Between the cases and the controls, no significant difference was 
observed with respect to gender (P=0.726). The mean ages were 39.84 
(±11.28) for the cases and 40.50 (±10.05) for the controls (P=0.559) and 
the three age groups were not significantly different between the cases 
and the controls and no association was found between age groups and 
the occurrence of ATDH. The cases had a significantly higher number 
of participants with a CD4+ cells count<50 cells/mm3 than the controls 
(P=0.018).

Variables Cases 
(N=26)

Controls 
(N=78)

Gender 
Male 10 (38%) 29 (37.18%)

Female 16 (62%) 49 (62.82%)

Age 

Mean (±SD) 42.04 (11.86) 40.42 (9.96)
15-30 6 (23%) 10 (13%)
31-45 12 (46%) 45 (58%)
>46 8 (31%) 23 (30%)

Body Mass Index
<18.5 20 (77%) 41 (53%)
≥18.5 6 (23%) 37 (47%)

Type of TB
SPPTB 10 (38%) 55 (70%)
SNPTB  3(12%) 9 (12%)
EPTB 13 (50%) 14 (18%)

CD4+ cell count

<50 15 (58%) 22 (29%)
51-100 4 (15%) 18 (23%)

100-200 6 (23%) 19 (24%))
>200 1 (4%) 19 (24%)

Hepatitis B co-infection
Yes 7 (27%) 4 (5%)
No 19 (73%) 74 (95%)

WHO HIV/AIDS stage
Stage 3 13 (50%) 64 (82%)
Stage 4 13 (50%) 14 (18%)

ARV before TB 
treatment

Yes 19 (73%) 50 (64%)
No 7 (27%) 28 (36%)

ARV regimen
EFV based 7 (37%) 18 (36%)
NVP based 11 (58%) 29 (58%)

Boosted PIs based 1 (5%) 3 (6%)

Anti-TB Regimen
2HRZES/1HRZE/5HRE 2 (8%) 9 (11%)

2HRZE/4HR 24 (92%) 69 (88%)

Cotrimoxazole
Yes 18 (69%) 46 (59%)
No 8 (31%) 32 (41%)

Table 1: Demographic and clinical characteristics of the total 104 HIV/TB co-
infected patients.

Variables Measurements No of cases (%), N=26
ASAT 1.25-2.5 x ULN* 16 (69%)

2.6-5 x ULN 9 (27%)
5.1-1 0 x ULN 1 (4%)

10 x ULN 0 (0 %)
ALAT 1.25-2.5 x ULN# 17 (62%)

2.6-5 x ULN 8 (38%)
5.1-10 x ULN 1 (4%)

10 x ULN 0 (0%)
Severity Level of liver enzymes No of Cases (N=26)
Grade 1 1.25-2.5 x ULN 17 (65%)
Grade 2 2.6-5 x ULN 8 (31%)
Grade 3 5.1-10 x ULN 1 (4%)
Grade 4 10 x ULN 0 (0%)

ULN: upper limit of normal, *Normal level ≤ 37 UI/l, #Normal level ≤ 41UI/l
Table 2: Classification of hepatotoxicity into grades 1-4 among the 26 cases.

Duration of treatment (days)
100.0080.0060.0040.0020.000.00
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Figure 1: Variation in Time-To-Hepatotoxicity between cases with BMI<18.5 
kg/m2 and BMI ≥ 18.5 kg/m2.
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Eleven out of the 104 participants were positive for HBV. The cases 
had a significant number of participants (29.92%, N=26) who were co-
infected with HBV than the controls (5.13%, N=78), P=0.005. Cases 
were also more likely to be malnourished as defined by BMI<18.5 kg/
m2 as compared to the controls; 20 (76.92%, N=26) of the cases versus 
41 (52.56%, N=78) of the controls had BMI<18.5 kg/m2 (P=0.033). A 
majority of the cases, 13 (50%) were in WHO clinical stage 4 of HIV/
AIDS compared to 14 (17.95%) of the controls (P=0.001) and extra-
pulmonary TB was found to be more common in the cases 13 (50%) 
versus 14 (17.95%) in controls. Hence from bivariate analysis (Table 
3), BMI<18.5 kg/m2, WHO clinical stage 4 of HIV/AIDS, hepatitis B 
co-infection, CD4+ cells count<50 cells/mm3, and extra pulmonary TB 
were significantly associated with the development of ATDIH.

In the multivariate logistic regression using the backwards 
elimination form of step-wise regression, we included the variables 
BMI<18.5 kg/m2, WHO clinical stage 4, HBV, CD4+ cells count<50 
cells/mm3, and extra-pulmonary TB because they showed significance 
in the bivariate analyses at levels of P<0.05. Results from this analysis 
showed that WHO clinical stage 4, CD4+ cells count<50, and extra-
pulmonary TB were not predictors of ATDIH as they had P values 
(P>0.005) of 0.064, 0.054, and 0.064 respectively. However, the presence 
of HBV [P=0.019; AOR (95%CI)=6.6 (1.4-31.7)] and BMI<18.5 Kg/m2 
[P=0.033; AOR (95%CI)=3.7 (1.1-12.1)] were shown to be independent 
predictors for the development of ATDIH in TB/HIV co-infected 
patients (Table 4).

A time-to-event analysis using Kaplan Meier analysis (Figure 1) 

showed that HBV co-infected patients had lower mean days; 19.86 
(±2.77) days to the development of anti-TB induced hepatotoxicity 
than those without hepatitis B 44.90 (±5.18) days (P=0.001). Mean time 
to onset of ATDIH were lower in participants with BMI<18.5 Kg/m2 

compared to those with BMI ≥ 18.5 Kg/m2; 33.65 (±4.46), and 53.17 
(±10.60) respectively (p=0.146).

Discussion
There is little evidence in the literature of the assessment of the rate 

of anti-TB induced hepatotoxicity in TB/HIV co-infected patients in 
Cameroon. In this study, the incidence of hepatotoxicity induced by 
anti-TB drugs in patients co-infected with TB/HIV was 13.61%. A 
recent study in Ethiopia reported an incidence of 11.5% among TB/HIV 
co-infected patients [16,17] which is in conformity with the current 
study. However a higher incidence (30.0%) was reported by Yimer et 
al. [18]. The differences in incidences are probably due to differences 
in the investigators’ definition of hepatotoxicity, ethnic susceptibility 
pertaining to drug metabolism, population characteristics, and most 
especially as the present study did not include the effect of ARV induced 
hepatotoxicity. 

The present study identifies HBV co-infection and BMI<18 kg/
m2 as independent predictors for the development of anti-TB induced 
hepatotoxicity. The presence of hepatitis B co-infection appeared to 
increase the risk ATDIH in TB/HIV co-infected persons by 6.6 folds 
and the occurrence of ATDIH was significantly faster (19.86 ± 2.77 
days) in HBV co-infected patients than those without hepatitis B 
(44.90 ± 5.18 days). Wong and colleagues reported that co-infection 
with HBV was a risk factor under both univariate analysis (p=0.011) 
and multiple logistic regression (p<0.001) for the development of 
ATDIH compared to non HBV patients on anti-TB drugs [19]. The 
mechanism of elevation of transaminases mediated by HBV might be 
related to underlying liver damage and HBV mediated acute hepatic 
inflammation or through complex immune reconstitution that alters 
the response against hepatitis B virus antigens after suppression of 
HIV replication by HAART [20] in TB/HIV patients co-infected with 
hepatitis B. Nevertheless, although some studies [21,22] have found no 
association between HBV and anti-TB hepatotoxicity, the authors of 
one of the studies reiterated that the absence of this association must be 

Parameters Cases 
(N=26)

Controls 
(N=78) COR 95% CI p value

Gender
Male 10 29 1.0

Female 16  49 0.9  0.4-2.2 0.726

Age
15-30 6 8 1.0
31-45 12 45 1.7 0.5-6.3 0.409
>45 8 23 0.8 0.3-2.1 0.612

BMI
<18.5 20 41 3.0 1.1-8.3 0.033
≥18.5 6 37 1.0

CD4+ cell 
count

<50 15 22 13.0 (1.6-107.4)# 0.018
51-100 4 18 4.22 (0.4-41.5) 0.216
101-200 6 19 6.0 (0.7-54.8) 0.112

>200 1 19 1.0

Type of TB
SPPTB 10 55 1.0
SNPTB 3 9 1.8 0.4-7.9 0.419
EPTB 13 14 5.1 1.8-14.0 0.002

Hepatitis B 
co-infection

No 19 74 1.0
Yes 7 4 6.8 1.8-25.7 0.005

ARV 
treatment

No 7 28 1.0
Yes 19 50 1.5 0.5-4.1 0.403

ARV Regimen
EFV-based 7 18 1
NVP based 11 29 0.9 0.3-3.0 0.965
Boosted PIs 1 3 0.9 0.76-9.70 0.901

WHO HIV/
AIDS stage

Stage 3 13 64 1.0
Stage 4 13 14 4.6 1.7-11.9 0.002

Cotrimoxazole
No 8 32 1.0
Yes 18 46 1.6 0.6-4.0 0.354

CI: Confidence interval, COR: Crude Odd Ratio, NVP: nevirapine, EFV: efavirenz, 
PIs: Protease inhibitors #CI is so wide that it might not be considered useful in 
providing information about the value of CD4+ cells, although the OR is significant
Table 3: Bivariate analysis of risk factors for grade 1-4 anti-TB induced 
hepatotoxicity in TB/HIV co-infected patients.

Parameters Cases 
(N=26)

Controls 
(N=78)

COR 
(95% CI)

p 
value

AOR 
(95% CI)

p
value

BMI
<18.5 20 41 3.0 (1.1-8.3) 0.033 3.7(1.1-12.3) 0.033
≥18.5 6 37 1.0

CD4+cell 
count

<50 15 22 13.0(1.6-107.4) 0.018 8.7 (1.0-79.1) 0.054
51-100 4 18 4.2 (0.4-41.5) 0.216 3.3 (0.3-38.1) 0.332
101-
200 6 19 6.0 (0.7-54.8) 0.112 4.1(0.4-46.6) 0.200

>200 1 19 1.0

Type of 
TB

SPPTB 10 55 1.0
SNPTB 3 9 1.8 (0.4-7.9) 0.419 1.8 (0.3-9.8) 0.496
EPTB 13 14 5.1 (1.8-14.0) 0.002 3.1(1.0-10.1) 0.064

Hepatitis 
B co-

infection

No 19 74 1.0

Yes 7 4 6.8 (1.8-25.7) 0.005 6.6(1.4-31.7) 0.019

WHO 
stage

Stage 3 13 64 1.0
Stage 4 13 14 2.8 (1.1-6.9) 0.027 3.1(0.9-10.1) 0.064

COR: Crude Odd Ratio, AOR: Adjusted Odd ratio, CI: Confidence Interval
Table 4: Multivariate regression analysis of variables associated with anti-TB drug 
induced hepatotoxicity.
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interpreted with caution as data for this variable were missing in their 
study, possibly because they were conducted with a small number of 
patients with the HBV [21]. 

Poor nutritional status as defined by BMI<18.5 Kg/m2 was found 
to be an independent predictor of hepatotoxicity induced by anti-
TB drugs after adjusting for other variables in multivariate logistic 
regression (P=0.033). This result is in agreement with results from 
different studies [23,24]. In the current study, the occurrence of ATDIH 
was insignificantly faster (33.65 ± 4.46 days) in patients with BMI<18.5 
Kg/m2 than those with BMI ≥ 18.5 Kg/m2 (53.17 ± 10.60 days). The 
association between malnutrition and hepatotoxicity has been linked to 
the derangement and disruption of drug metabolism pathways during 
protein energy malnutrition [25] including the acetylation pathways 
involved in isoniazid metabolism and the depletion of glutathione 
stores, thus making patients more vulnerable to oxidative injuries, and 
slowing the rate at which the liver metabolizes drugs [26]. A decrease in 
protective mechanism during INH treatment has also been observed in 
protein energy malnourished rats [27]. 

Some studies have reported a relationship between diminished 
immune status, as represented by the low CD4+ cell count and the 
occurrence of hepatotoxicity which might be partly explained by 
polypharmacy due to the occurrence of a range of opportunistic 
infections [27,28]. In the current study, CD4+ cell count<50 cells/
mm3 was significantly associated with ATDIH but did not pass as an 
independent predictor on the multivariate model. Unlike this study, 
previous research did not find an association betweenthe involvement 
of opportunistic infections and the development of hepatotoxicity, and 
accredited the risk to probably an unknown immunological factor 
thought to be present in individuals with low CD4+ cells [21,29].

A disproportionately higher risk of developing hepatotoxicity was 
observed in patients with extra pulmonary TB, suggesting that this 
group of patients may have some subclinical liver involvementswhich 
may predispose ATDH. Anand et al. [30] and Singla et al. [31] had 
similar findings; hence suggesting that usual monitoring of liver 
function tests may be necessary for patients with extra pulmonary TB.

The current study showed that WHO HIV/AIDS clinical stage 
4 patients were at higher risk of developing ATDH. This could 
be explained by the usual presence of a range of disseminated 
opportunistic infections in this group of patients that might have direct 
subclinical liver involvementleading to cell death or might be due 
to a consumption of a large array of medications secondary to these 
opportunistic infections.

The present study did not find an association between age and the 
occurrence of ATDIH contrary to what was seen in India involving 
346 patients undergoing tuberculosis treatment [23]. In that study, 
Sharma and colleagues reported age as an independent risk factor for 
the development of hepatotoxicity [23]. However, a substantial number 
of studies have demonstrated a lack of correlation between age and 
the development of anti-TB hepatotoxicity [30,32] which is consistent 
with the present finding. Some studies have also reported old age as a 
risk factor for the development of anti-TB drug induced hepatotoxicity 
[21,33]. However the present study did not find any correlation between 
older age and ATDH. 

With respect to gender, several studies have reported that females 
are at increased risk of hepatotoxicity compared with males [34,35] 
which might be attributable to variations in pharmacokinetics and 
metabolism patterns between both genders. In the current study, no 
significant association was observed between gender and hepatotoxicity, 

which is in corroboration with findings from Ethiopia [17] and India [23].

The median number of days to anti-TB hepatotoxicity after initiation 
of anti-TB drugs was 31 days (IQR 16.75-60.25) which is in consistence 
with results of other studies [17,21]. Seven of the cases developed 
hepatotoxicity by 15 days of anti-TB treatment and by the fourth week 
of anti-TB treatment, the number had risen to 18 (69.23%). This is 
increment is in agreement with results from Senaratne and colleagues 
[36] who reported a greater majority (58%) of their study participants 
developing hepatotoxicity during the first 4 weeks of anti-TB treatment. 
This could potentially affect the TB treatment leading to unsuccessful 
treatment outcomes and prolonged intensive phase treatment. A study 
in Tanzania [37] reported that none out of 112 patients developed 
hepatotoxicity during the first 2 months of anti-TB treatment differing 
with the present study. This difference might be accounted for by the 
differences in participants’ characteristics; just 9.8% were co-infected 
with HIV, only 7.1% were co-infected with hepatitis and only 5.4% 
were on ARVs in that study with low impact on the liver for the first 
2 months.

The concomitant use cotrimoxazole and anti-TB drugs had no 
effect on the development of hepatotoxicity. The use of concurrent ARV 
therapy with anti-TB drugs did not show any significant association 
with the outcome though it was considered a risk factor as a majority 
(66.35%) of the total participants were on ARV therapy before 
commencing anti-TB treatments and as low level hepatotoxicity induced 
by HAART has been reported in this area [38]. This is in agreement 
with a study by Marks et al. in South Africa [39]. Similarly, Pukenyte et 
al. [21] did not find the concomitant use of ARVs and anti-TB drugs to 
be associated with liver toxicity although the concomitant use of both 
classes of drugs has been shown to exacerbate risk of drug induced liver 
damage [40]. In the present study, a majority (11, 57.90%) of the cases 
were on nevirapine based therapy as compared to 7 (36.84%) who were 
on efavirenz based therapy. Studies [41,42] have shown that patients on 
nevirapine based therapies are more susceptible to hepatotoxicity than 
those on efavirenz based therapy. Although this corroborates with the 
current study, the association of hepatotoxicity with nevirapine based 
therapy was not statistically significant.

In the current study, ATDIH has been investigated only during 
the first 3 months of anti-TB treatment (2 months of intensive phase 
plus 1 month of continuation phase) as most studies report hepatotoxic 
events occurring mostly during the intensive phase. Hence the present 
study might have missed late-onset hepatotoxicity commencing after 3 
months of treatment. Another important limitation is that fact that the 
impacts of other hepatotoxic intakes such as alcohol or medications like 
acetaminophen, HMG-CoA reductase inhibitors, and herbs were not 
assessed. Lastly, therapy was not challenged to prove if the originality 
of the increased liver enzymes were truly due anti-TB drugs. Treatment 
regimens were neither halted nor changed to view if the increased liver 
enzymes could revert back to normal levels.

We conclude that among patients co-infected with TB/HIV, low 
grade hepatotoxicity induced by anti-TB drugs is not uncommon, 
and accounted for a substantial number of cases (13.61%) with greater 
majority of hepatotoxic events occurring during the intensive phase of 
treatment. Low CD4+ cells count, HBV co-infection, extra pulmonary 
TB, BMI<18 kg/m2 and WHO HIV/AIDS stage 4 disease were identified 
as risk factors to the development of ATDIH with BMI<18 kg/m2 and 
HBV passing as independent predictors. We therefore recommend 
that TB/HIV co-infected patients with lower BMI and HBV should 
be identified by clinicians so as to closely monitor their liver enzyme 
levels during the intensive phase of TB treatment for greater quality of 
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care. Since liver enzyme tests are not usually routine laboratory in sub-
Sahara Africa and where the financial burden of these tests lies upon 
the patient, we recommend a one-point cost-effective liver enzymes 
diagnosis at the third month of anti-TB treatment. This will facilitate 
the rapid diagnosis of any moderate to severe hepatotoxicity instead of 
the continuous diagnosis of mild hepatotoxicity during the intensive 
phase which might be due to hepatic adaptation.
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