Expert Opin. Drug Saf. Downloaded from informahealthcare.com by Nandini Loganathan on 07/14/14
For personal use only.

EXPERT
OPINION

1. Introduction

2. Methods

3. Findings

4. Discussion

5. Conclusion

6. Expert opinion

informa

healthcare

Review

Anti-tuberculosis drugs adverse
reactions: a review of the
Iranian literature

Mona Kargar, Ava Mansouri, Molouk Hadjibabaie, Mohammadreza Javadi,
Mania Radfar & Kheirollah Gholami®
" Research Center for Rational Use of Drugs, Tehran University of Medical Sciences, Tehran, Iran

Introduction: Tuberculosis (TB) treatment, in particular therapy for multidrug-
resistant TB (MDR-TB), is associated with toxicities and adverse drug reactions
(ADRs).

Areas covered: This paper reviews Iranian literature reporting ADRs which
occurred during tuberculosis treatment. English language papers were
sourced from PubMed, ScienceDirect, Wiley, Ovid and Proquest, with Google
Scholar searched for Persian language articles. Reported ADRs, proportion
of patients with ADRs, risk factors and determinants, as well as the character-
istics of the studies were reviewed. 21 articles were included; about 60% of
them were in English and three included patients with MDR-TB. The ratio of
ADR per capita was 1.9 (in 6 studies) and 33.63% of patients developed an
ADR (in 7 studies). Hepatitis (2.5 - 45.3%) was reported in nearly all of the
studies. The mean time from initiation of medication to development of
hepatitis ranged from 4.67 to 25.25 days (in 6 studies). Most cases of mortality
were due to hepatotoxicity. Except for comorbidities and female gender,
other risk factors such as HIV and length of hospitalization were only reported
in one article.

Expert opinion: The pattern of ADRs in Iranian articles was found to be similar
to many other studies in the present review. We suggest that future studies
resolve the confounding factors in this area that are mentioned in this review.

Keywords: adverse drug reaction, drug induced hepatotoxicity, Iran, multidrug-resistant

tuberculosis, side effect, tuberculosis
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1. Introduction

Tuberculosis (TB) as one of the major causes of mortality due to a curable infectious
disease [1,2] was responsible for 20 deaths per 100,000 populations in 2011 (3]. Even
though it is an endemic disease in developing countries [4], developed countries are
also encountering resurgence of this disease [5]. Increase in the number of
HIV-positive individuals has led to a significant increase in the number of TB
patients over the last decade in both developing and developed countries [6,7]. Dur-
ing the course of HIV infection, TB is the most important opportunistic infection
that can happen at any point [6]. Moreover, HIV-positive patients have a high risk of
transformation of latent TB to active from (6] and this makes patients more vulner-
able for development of adverse drug reactions (ADRs) [8]. Multidrug-resistant
TB (MDR-TB) is another challenge for health systems, which is treated with
second-line agents. These agents are often less effective [9-11], cause more ADRs
and toxicities [9,10] and also need longer treatment duration [9,10].
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Article highlights.

» Few original articles are published from Iran that mainly
focused on ADRs of anti-anti-tuberculosis medications.

e As many as almost one-third of patients participating in
seven studies experienced at least one ADR during the
treatment course.

 Drug-induced hepatotoxicity was the most widely
concern of all of the included studies, whereas the
definitions varied considerably between studies.

e The second most frequent reported ADR was rash
(reported in seven studies), followed by ototoxicity
and pruritus.

e The major causes of mortality during TB treatment
course were hepatotoxicity and neuropsychiatric events.

This box summarizes key points contained in the article.

Even though active TB can be successfully managed with
the completion of anti-TB therapy [12], it seems that comple-
tion of the full course of therapy without significant ADRs is
achieved only by a minority of patients [13]. These ADRs may
be mild or life-threatening [5,14]. Occurrence of severe ADRs
is common particularly in hospitalized patients with pulmo-
nary tuberculosis [12].

ADRSs can generally decrease treatment effectiveness through
negative impact on patients adherence [1], which is an
extremely important determinant of treatment outcome [13].

Morbidity and mortality can increase when patients experi-
ence severe ADRs to first-line anti-TB medications, which
may lead to discontinuation of the culprit drug [59]. Mean-
while, administration of an alternative agent may increase
toxicity and may eventually increase the risk of treatment
failure and relapses (5. One of the most prevalent ADRs of
these drugs is hepatotoxicity [1]. In fact, the leading cause of
treatment interruption is liver enzyme elevation [15].

Like many other countries, Iran has some difficulties with
TB, especially due to increasing drug-resistant strains, which
complicates the control of disease [7]. According to the World
Health Organization (WHO), 14.12 new cases per 100,000
populations were diagnosed with TB in Iran in 2011 3].
The prevalence of severe complications of anti-TB medica-
tions is not still well known, despite more than 30 years of
their utilization. This can be probably attributed to lack of
awareness and under-reporting [13].

Several studies that focused on ADR of the anti-TB med-
ications have been performed in Iran. But there was not a
concluding review on these articles. Therefore, we decided
to review the published ADRs reported in Iranian patients,
current proportion of patients who experienced different
ADRs, the determinants and risk factors in patients with
TB, as well as the evaluation of the characteristics of the
studies. To the best of our knowledge, this is the first review
of ant-TB ADRs in the Middle East and developing

countries.

2. Methods

2.1 Data sources and searched terms

For the purpose of doing this review, we searched the litera-
ture in both English and Persian language to find papers
related to ADRs caused by anti-TB medications in Iran.
The English resources searched were PubMed, Ovid, Wiley,
ScienceDirect and ProQuest. In order to find Persian articles,
we performed search in Google Scholar, which has a wide
coverage for Persian articles. The time span was up to October
2013. Relevant references of articles were traced manually by
referring to the cited journals. We decided to search
extensively to find all the articles that were published related
to different aspects of TB in Iran and among them we selected
the related ones according to the abstracts and full texts. We
used these English terms and their corresponding Persian
equivalents: ‘tuberculosis’, ‘adverse drug reaction’, ‘side effect’
‘Iran’, ‘isoniazid’® (INH), ‘rifampin’ (RIF), ‘pyrazinamid’
(PZA) and ‘ethambutol’ (ETM). The mentioned resources
were searched within title, keywords, abstracts or MeSH terms
whichever were appropriate.

2.2 Inclusion/exclusion criteria

We included all of the studies on adults and children, that
are, cross-sectional, case—control, clinical trial and cohort
studies. All the studies on patients with active or latent TB
regardless of the resistance pattern and also on patients
with other comorbidities were considered. Studies were
excluded if they were not concerned with any specific ADR
or laboratory abnormalities due to and-TB medications.
We also excluded letters, case reports and abstracts of semi-
nars, organizational reports, opinions or editorial papers,
book chapters, as well as articles in languages other than
English or Persian. Moreover, studies that only included
non-Iranian patients, addressed general outcome of TB treat-
ment and studies that reported ADRs due to BCG vaccina-
tion were excluded from this review.

2.3 Data extraction

Two authors independently selected the articles according to
the inclusion and exclusion criteria by reading the titles and
abstracts and whenever necessary the full texts. We extracted
and summarized the important issues reported in most of the
articles in two sections and in five tables. The reason of sep-
arating these sections was different focus of the articles. In
the first section, articles that assessed ADRs in general are
discussed. In Table 1, we abstracted the studies designs, total
number of patients and their demographics (age, sex), num-
ber of patients who developed ADR, therapy regimen, total
number of events, associated factors and strategies to manage
ADRs, and, finally, severity, causality or preventability of
ADREs if reported. In Table 2, we reported specific ADRs
and their proportions. We mentioned the ADRs in descend-
ing order, based on the number of articles in which the
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specific ADR were stated. In this table, the percentages were
calculated by dividing number of patients who developed an
ADR to total number of patients recruited in each study. We
also calculated the ratio of ADRs per capita by dividing the
number of events to the total number of patient who
developed ADR from the studies that reported both
numbers. Additionally, we calculated the proportions of
each ADR by dividing the total number of patients
experiencing ADR to the total number of patients included
in the study.

Because of the importance of the drug-induced hepatotox-
icity (DIH) by anti-TB drugs, we separately extracted these
data in the second section of the findings. We summarize
the definitions used for DIH throughout the studies
in Table 3. We extracted details regarding hepatotoxicity in
two tables. In Table 4, general study characteristics such as
publication year, design, location and also participants’ char-
acteristics, exclusion criteria, comorbidities and treatment
protocol and so on, are summarized. The percentage of
DIH development, patients age, onset, symptoms, severity,
management, length of time needed for the resolution of
symptoms, associated factors, process of re-challenge and so
on, are extracted and summarized in Table 5. Wherever the
authors only reported increases in liver enzymes, we used the
general definition of DIH regarding rise of > 5 times upper
limit of normal (ULN) of liver enzymes for hepatotoxicity
(> 200 TU) and the definition of the WHO for the severity
of DIH based on liver enzymes and extracted the data
in Table 5. Studies that lacked most parts of the mentioned
characteristics are pointed in the text.

3. Findings

Our search process yielded 599 and 659 English and Persian
papers, respectively (Figure 1). Removing the duplicate articles
resulted in 314 and 146 articles in English and Persian,
respectively. Among these articles many were identified to
be irrelevant and were excluded. Therefore, ultimately we
found 21 studies suitable to be included in the present review.
According to the corresponding authors, 16 studies were con-
ducted by physicians (in one study the evaluation was based
on the first author due to undefined corresponding author)
and the remaining by pharmacists. Two-thirds of the studies
were in English language.

3.1 ADRs in general

3.1.1 Study characteristics and definitions

A total of 11 studies were included in this section of our review.
Among them five studies were in Farsi. The time span of the
publications was from 2002 onward. The main characteristics
of studies are shown in Table 1. Most of the study designs
were cross-sectional (63.6%), including four prospective stud-
ies, followed by cohort design in three studies (27.3%) and
one clinical trial. Only two studies by pharmacists specified a
definition for ADR (WHO definition) and criteria for

Anti-tuberculosis drugs adverse reactions

assessment of causality, severity and preventability [16,17). The
most common corresponding authors were physicians (nine
studies) followed by clinical pharmacists (two studies).

3.1.2 Anti-TB regimen

The majority of studies only included patients diagnosed with
drug-sensitive TB (60%) [16-22). Two studies reported the data
of MDR-TB patients [2.23]. There was only one study that
included both patients with sensitive TB and MDR [24].
Only one study evaluated the treatment of latent TB [25].
Details of the treatment regimens are summarized in Table 1.

3.1.3 Patients

All studies except three [22,25,26] were conducted in hospital-
ized patients. The mean age of patients was calculated to be
46.72 years in 889 patients from six studies. There was only
one study that exclusively included the pediatric patients
that assessed INH prophylaxis. None of the children in this
study experienced ADRs [25].

3.1.4 ADRs categorization

Except three, all other studies reported the ADRs as a result
of an integrated regimen. Javadi et al. reported that 32.4%
of detected ADRs could be attributed to the combination of
INH, RIF and PZA 17). Gholami ez al. reported ADRs for
each anti-TB medication [16]. The third study was the men-
tioned study on pediatric patients.

All studies reported ADRs by symptoms. However, two
studies additionally reported the ADRs based on WHO organ
system classification. In these studies, the most frequent
involved organs were ‘gastrointestinal system’ and ‘liver and
biliary system,” which were together responsible for almost
60% of total ADRs (58% [16] and 61.1% [17] of ADRs). As men-
tioned previously Aminzadeh et al. did not report any ADR.

3.1.5 Proportions of ADRs

The ratio of ADRs per capita was 1.9 based on the data
obtained from six studies that reported both the number of
ADRs and the total patient population. We also figured out
the total proportion of patients who developed an ADR to
be 33.63% based on the data derived from seven studies.
When we excluded studies of MDR-TB, the results were
nearly the same: proportion of patients with ADR and the
ratio of ADRs per capita were 30.5% and 1.94, respectively.
Among ADRs, hepatitis was reported in nearly all of the stud-
ies (except the study on the treatment of latent TB) [25] with
the proportion of 2.5 - 45.3% in different studies. The sec-
ond most frequent reported ADR was rash, which was
reported in seven studies, followed by ototoxicity and pruri-
tus, both of which were reported in 54% of studies. The high-
est prevalence ADR reported in these studies, regardless of the
number of articles reporting ADRs, was arthralgia (66.7%),
followed by headache (58.7%) and neuropathy (50.7%).
There is also one report of hyperglycemia in diabetic patients
(4.41% of total participants) (Table 2) [17].
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Table 2. Incidence of specific ADRs in studies.

ADR Incidence %

Hepatitis 2.5 (26], 3 [24]", 3.38 [22], 3.68 [21], 5 12317, 6.97 [19], 7.7 [29], 9.2 21",
10.78 [17], 14.5 [30], 20 [6], 25.3 [16], 45.3 [20]

Rash 0.5 [26], 0.51 [19], 1.3 [23], 1.96 [17], 4.81 [16], 14.7 [20],16.92 [22]*

Ototoxicity/hearing loss and tinnitus
Pruritus

Ocular toxicity
Neuropathy
Hyperuricemia
Nausea

Arthralgia
Vomiting

Vertigo

Headache
Anorexia

Diarrhea

Fever
Nephrotoxicity
Constipation
Hyperglycemia
Jaundice
Psychosis/suicide
Abdominal pain
Prolonged PT
Thromcytopenia
Thromcytopenia and prolonged PT
Epigastric pain
Dysuria

Weakness

Dry mouth
Hypothyroidism
Pigmentation
Gastric indigestion
Mood change
Neurologic (depression, suicide,

0.31[22], 0.6 [21], 1.3 [20], 14.5 [23], 19 [24], 46 [2]
0.5 [19], 0.6 [21], 1 [26], 7.5 [23], 8.8 [17], 16.92 [22]*
0.25 [19], 0.49 [17], 0.6 [21], 1.23 [22], 2.4 [16]
0.5 [26], 4.92 [22], 6.02 [16], 1.96 [17], 50.7 [20]
1.25 [23], 1.47 [17], 2.7 [20], 3.61 [16], 7.4 [21]
1.5 126, 11.36 [19], 11.27 [1715,12 [22%, 16.3 [23]
0.5 [26], 6.3 [23], 6.46 [22], 66.7 [20]

11.36 [19], 12.5 [23], 11.27 [17]F, 37.3 [20]

1.5 [26], 6.3 [23], 7.7 [22], 41.3 [20]

2.5 (23], 4.9 [17], 8.43 [16], 58.7 [20]

2.5 (23], 3.92 [17], 7.75 [19], 12 [22)}

0.25[19], 1.96 [17], 3.61 [16], 12 [22]

5 [23], 10.6 [21], 36 [20]

0.6 [21], 3.8 [23], 5.3 [20]

4.9117], 17.3 [16]

4.41 [17], 8.43 [16]

0.61 [22], 2.58 [19]

6.9 2], 7 [24]

0.49 [17], 13.8 [23]

2.04 [16], 7.36 [21]

17.3 [20]

0.98 [17]

6.45 [19]

4.81 [16]

3.8 [23]

1.47 [17]

1.25 [23]

1 126

0.98 [17]

0.49 [17]

7.5 [23]

convulsions, consciousness, psychosis)

*Ayatollahi et al. reported rash and pruritus 16.92% together.
*Javadi et al. reported nausea and vomiting 11.27% together.

YAyatollahi et al. reported gastrointestinal side effects (nausea, anorexia and diarrhea) 12% together.

IMDR-TB patients [23,24].
#MDR-TB/drug-sensitive TB [2].

3.1.6 Onset of ADRs

Unfortunately, most of the studies did not report the onset of
events. However, Baghaei ez al. reported that major side
effects appeared after the median of 21 days from the medica-
tion initiation [23]. Also, Gholami ez al. reported the occur-
rence of almost 90% of ADRs in the first 20 days [16].

3.1.7 Management of ADRs

Drug discontinuation was one of the strategies in six studies
and ranged from 34.5 to 100% in five studies, which reported
interventions for patients who developed an ADR [2,16,22-24].
Other interventions were symptomatic therapy along
with continuation of the regimen and also regimen modifica-
tion (drug replacement or dose adjustment).

3.1.8 Complications of ADRs

Some of the studies reported the need for admission and
length of hospitalization due to ADRs. The rate of hospitali-
zation as estimated by Javadi et a4l was 5.4% (7).
Gholami ez al. reported prolonged hospitalization in 59% of
patients. They also mentioned that ADRs, which led to
admission, occurred on days 21 - 30. However, 71.6% of
patients improved at last [16]. Likewise, significant extended
hospital stay was reported by Taramian er al [19].
Tabarsi er al. reported more cases of mortality or treatment
failure in patients with ADR. They also found that less
ADRs were experienced by patients with successful TB treat-
ment [24]. Most of the cases of mortality were due to hepatitis
that is described later. Mortality due to other ADRs was
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observed in two patients with MDR-TB as a result of sui-
cide [21. Moreover, in another study on patients with MDR-
TB, it was suggested that neurological side effects (depression,
convulsions, consciousness and psychosis) can be associated
with increased mortality [23].

3.2 Hepatotoxicity

3.2.1 Studies’ characteristics

Twenty articles reported hepatotoxicity or changes in liver
function tests (LFT). Ten studies were among the previously
mentioned articles that evaluated hepatotoxicity besides other
ADRs. Among other studies, six articles were mainly focused
on the aspects of hepatotoxicity or LFT changes. Among them
there was a clinical trial that evaluated the protective effects of
N-acetylcysteine on DIH. We only extracted data of the con-
trol group of this study [27]. The remaining four studies were
as follows: one study evaluated the pattern of LFT changes in
different time spans [28], another study focused on the risk fac-
tors of mortality due to TB in which authors reported total
number of DIH [29]. Other studies included a case series [6]
and a short report (30], both of which recruited patients coin-
fected with HIV and only reported the incidence of DIH
without other details. Among the latter 10 studies, the most
common corresponding authors were physicians (seven
studies), followed by clinical pharmacists. All of them were

published after 2002.

3.2.2 Diagnosis and definition of DIH

Eleven studies defined DIH as shown in Table 3; however; the
definitions varied widely, for example, the definition used by
Gholami ez al. [16] versus the one used by Afsharian ez al. [31].
Also, studies were not in consensus about minimum elevated
enzyme levels according to which the symptomatic patients
would be included as DIH. Additionally, cholestatic hepatitis
was defined and considered only in a limited number of
studies.

3.2.3 Patients

The 20 studies together recorded the data of 4849 patients
(prospectively or retrospectively). Their eligibility criteria var-
ied widely. For example, Tabarsi ez al. in their studies only
included TB patients coinfected with HIV [6,30], but these
patients were excluded from the studies by Ghasemi
Barghi ¢t al. (321 and Baniasadi ez a/. [27). The details of studies
characteristics are summarized in Table 4. All of the 10 studies,
which focused on hepatotoxicity, included patients with drug-
sensitive TB. However, in studies that included MDR-TB
patients that were mentioned earlier, hepatotoxicity was
also pointed.

3.2.4 Proportion of DIH

Among the total 4849 cases, 450 cases of DIH were defined
with the proportion of 9.28%. Due to the limited number
of cases with cholestatic hepatitis, we could not obtain an
incidence for this kind of hepatotoxicity separately.

Anti-tuberculosis drugs adverse reactions

Baniasadi ez al. reported three cases of hyperbilirubinemia [27].
Additionally, in the study by Afzali er al, 16 cases (8.5%)
experienced a rise in bilirubin (> 1.2 mg/dl) 21]. They also
reported rise in ALP in 24 (18.4%) patients (in 11 patients
ALP raised > 4 ULN) [21]. 33]. Only two studies reported cases
of jaundice [19,22]. The study by Sharifzade et al. was the only
study that characterized hepatotoxicity based on causality,
preventability and predictability. They noted that all of the
DIH cases were category A and none of them were prevent-
able or predictable [18].

Three studies reported hepatitis in patients with MDR-TB:
5% by Baghaei ez al. (23], 9.2% by Masjedi ez al. [2) and 3% by
Tabarsi ez al. [24]. In the latter study, both patients with drug-
sensitive and -resistant TB were included. By excluding these
studies from the total number of patients, the proportion of
patient developed DIH reaches 9.49%, which is slightly
higher than the previously mentioned percentage.

3.2.5 Onset of DIH

The mean time from initiation of the anti-TB medications to
the development of DIH ranged from 4.67 to 25.25 days
(reported in six studies). As reported by Sharifzade ez al., the
cumulative incidence of DIH during the first month of treat-
ment was 22%. It increased in the second month to 25% and
was constant through the next two months. Finally, in the
sixth month of treatment, it reached 27.7% [18].

3.2.6 Management of DIH

Only seven studies mentioned the management strategies for
cases of hepatitis. In these studies after confirmation of the
DIH, all of the anti-TB medications were discontinued.
However, in the study by Baniasadi e a/ 271 and
Sharifzadeh ez al. (18], only INH, RIF and PZA were discon-
tinued and the latter was the only study in which patients
received an alternative regimen during the time needed to
elapse for normalization of the enzymes. The mean time
passed for recovery and decreasing enzymes was between
7.5 and 23.45 days after discontinuation of the medications
and was reported in five studies.

3.2.7 Reinitiation of anti-TB regimen

Restarting the anti-TB medications was considered based on
the normalization of the transaminase enzymes in 4 out of
6 studies that addressed this issue. In another study, resolution
of symptoms was the criteria for reinitiation of the anti-TB
medications [22]. In contrast, in the study by Khalili ez 4/,
returning of the enzymes to < 2 ULN was acceptable to restart
the medications [33]. In three studies, the protocol of gradual
drug initiation was described. The reinitiation of the regimen
was successfully tolerated in most of the DIH cases. However,
in 29 patients out of 178, in whom the process was noted
(from four studies), this led to re-experiencing the DIH
(16.29% of all re-challenged patients). In the only study
that mentioned treatment strategy for the second DIH
episode, permanent discontinuation of the culprit agent and
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Table 3. Different definitions of drug-induced hepatotoxicity in studies.

Definitions of DIH

Studies

AST/ALT > 5 UNL

Ghasemi Barghi et al. [32], Khalili et al. [33], Sharifzadeh et al. [18],

Afsharian et al. [31], Baniasadi et al. [27], Rasoulinejad et al. [20],
Taramian et al. [19], Alavi-Naini et al. [29]

Symptoms of hepatitis
ALT & AST > 5UNL + symptoms of Hepatitis
ALT/AST > 3 UNL + symptoms of Hepatitis

Ghasemi Barghi et al. [32], Sharifzadeh et al. [18]
Gholami et al. [16]
Khalili et al. [33], Sharifzadeh et al. [18], Javadi et al. [17],

Taramian et al. [19], Alavi-Naini et al. [29]

ALT & AST > 2 UNL + symptoms of Hepatitis
AST/ALT > ULN + symptoms of Hepatitis

AIP > 2 UNL + jaundice or hyperbilirubinemia, pruritus
jaundice + abdominal sign and symptom

Total bil > 1.5 mg/dl

Based on definition of the American Thoracic Society
No definition

Rasoulinejad et al. [20]

Baniasadi et al. [27]

Khalili et al. [33]

Sharifzadeh et al. [18]

Baniasadi et al. [27]

Baghaei et al. [23]

Baghaei et al. [34], Hajibagheri et al. [28], Tabarsi et al. [24],

Masjedi et al. [2], Afzali et al. [21], Ayatollahi et al. [22], Ataei et al. [26],
Tabarsi et al. [30], Tabarsi et al. [6]

ALP: Alkaline phosphatase; ALT: Alanine transaminase; AST: Aspartate aminotransferase, Bil: Bilirubin; DIH: Drug-induced hepatotoxicity.

replacing a drug or prolongation of the treatment duration
was implemented [33].

3.2.8 Outcome and mortality due to hepatotoxicity
Khaili ez 4l noted that DIH was the leading cause of
treatment interruption (31.37%) and modifying treatment
regimen (13%) [33]. Mortality was reported in four studies.
Baghaei er al. reported that 13 patients (13.4% of total DIH
cases) died, which was significantly higher than those who
did not experience hepatotoxicity (21 cases, 3.2%) [34]. In
the study by Sharifzade ez al., two patients died as a result of
DIH complications (6.45%) [18]. Gholami ez al. reported
two deaths among 21 DIH patients (9.52%) [16]. In a 9-year
retrospective study on 715 patients, 55 cases developed DIH
(7.69%). Seventy-five deaths were reported, among which
22 patients had experienced DIH (40% of total cases with
DIH). Multivariate analysis revealed DIH as one of the major
risk factors for mortality [29].

4. Discussion

4.1 Summary of general findings

Although there are many studies reporting minor to life-
threatening side effects (14, TB treatment with directly
observed treatment short-course (DOTS) strategy is still the
most cost-effective of all the healthcare interventions [35]. In
this review, we gathered the results of published articles
related to the anti-TB medications in Iran. Commonly
reported ADRs in our review such as hepatitis, skin rash and
pruritus, nausea/vomiting, arthralgia, neuropsychiatric symp-
toms, ototoxicity and peripheral neuropathy were similar to
those reported by other investigators [5,36-39]. In accordance
with other studies, we found DIH to be the most common
reported ADR [36,37,39].

Following hepatitis, rash was the second most frequent
ADR, which is similar to other studies [38-40). Pruritus was
also reported commonly in included studies (0.51 - 8.82%),
which are close to the results of other studies
(0.4 - 6%) [39,41,42].

We calculated a ratio of 1.9 ADR per patient for about 75%
of total patients included in this review, which is comparable
and close to other reports. For example, Marra ez al. detected
646 ADRs in 318 patients (2.03 ADR per patient) [39]. Like-
wise, this ratio was 1.09 37] and 1.18 [5] in other studies. All
these mentioned studies are selected because of large sample
size consisting of > 1000 TB patients and reporting both the
number of events and patients. Total proportion of patients
who developed at least one ADR was 30.7% based on seven
studies in the present review, which is higher than that reported
in a systematic review of Chinese articles [43). Yin yin ez /. indi-
cated that the total incidence of anti-TB-induced ADR was
12.62% (43. We found that the two largest studies included
in our review tended to report relatively lower proportion of
ADRGs [19,22], which is consistent with previous observations [44].
However, we did not notice a relationship between the study
design (retrospective vs prospective) and proportion of ADRs
reported. It should be noted that this number was calculated
based on the data of about 30% of all the studies and cannot
be extrapolated to the total patient population with certainty.
Notably, most of the patients in the reviewed studies were hos-
pitalized at the initiation of the medications. This might poten-
tially be due to the more complex and serious condition and
can increase the probability of detecting ADRs as a result of
close monitoring. It is suggested that population-based studies
report lower incidence of ADRs [39].

WHO estimates that 3.7% of new TB cases and 20% of
previously treated patients were infected with MDR mycobac-
terium [3]. Fortunately according to the 2012 global TB
report, Iran is not among the 27 high MDR-TB burden
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Figure 1. Search process and number of eligible studies.

countries (3]. In our review, only three studies included MDR
cases and none assessed extensively drug-resistant TB. Due to
the heterogeneities in treatment of MDR cases regarding
medications, treatment duration and whether the adminis-
tered drugs are supervised or not, the comparison of different
studies is difficult 45). In these studies, the three most
reported ADRs were hearing loss, hepatitis and psychosis/
suicide attempts. However, the orders of frequency were not
the same through these studies [2.23.24]. The proportion of
patients who developed ototoxicity varied widely throughout
our studies and was between 0.31 and 46%. This wide range
can be attributed to the differences in treatment regimens.
The upper limit of this range (14.5 - 46%) belonged to stud-
ies on MDR-TB cases in which patients received amikacin.
The lower side was reported in sensitive TB cases
(0.31 - 1.3%), among them limited number of patients
received streptomycin as an alternative to ethamburol. This
pattern is in agreement with previous literature in which oto-
toxicity was more prevalent in the treatment of MDR-TB
patients (41.8%) [46] compared with drug-sensitive TB
(1.7%) (51. However, patients with MDR-TB in our review
received neither capreomycin nor kanamycin both of which
are known to have auditory adverse effects [41]. Psychosis
and suicide ideation were among common ADRs in studies

on MDR-TB patients [2,23.24. The proportions reported in
our reports were comparable to Shin ez al. [47) but were lower
than T6riin er al. [48].

4.2 Factors associated with ADR

Seven studies evaluated factors that may potentially increase
the susceptibility to ADRs. However, in some of the articles
only factors with significant correlation were mentioned and
the evaluated factors (without regard to the significance of
association with ADRs) were not clearly mentioned. Demo-
graphic factors were evaluated as risk factor in a number of
studies. In contrast to other studies [38,39,49], none of our
articles found increased age as a significant risk factor.
Female gender was found to be a significant determinant
of ADRs [17,22], which is in line with other studies [38,39,44,49].
Several studies reported that MDR-TB cases are more vul-
nerable for ADRs (339]. This was determined in the study
that included both patients with drug-sensitive and MDR-
TB cases [24]. In one of the included studies, HIV-positive
status  significantly enhanced the chance of specific
ADRSs 201 Lack of significance of this factor in other studies
might be attributed to unavailability of HIV serostatus for
many patients [16,17,22] and the low number of HIV-positive
patients in studies [19.23.24]. Nutritional status, which was
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shown to be a risk factor for developing ADR ([57], within the
Iranian study population.

4.3 DIH determinates, associated factors and
management

Hepatotoxicity is shown to be one of the most frequent side
effects of anti-TB treatment (1. DIH is also the leading cause
of treatment interruption in this patient population (5051].
Heydari ez al., in a retrospective study of 534 pulmonary TB
patients, found that DIH was responsible for 25.5% of treat-
ment interruptions or delay [52]. This was also reported by
Khalili ez 2/ 33]. In almost all of the studies (20 out of 21)
included in our review, hepatotoxicity was addressed. Accord-
ing to our review, 9.28% of patients who received anti-TB reg-
imen ultimately developed DIH. Although a wide variation in
proportion of patients (from 2.5% [26] to 45.3 [20]) and defini-
tions exist. During the standard TB treatment, the range of
incidence of DIH is reported to be between 2 and 28% [1,53],
which represents the variation across studies all over the world.
The incidence is reported to be 3% in Canada and the USA,
4% in the UK, 11% in Germany, 5% in Hong Kong, 5.3%
in Singapore, 16.1% in Taiwan, 36% in Japan, 8 - 36% in
India, 9.9% in Argentina (50,53 and 15% in Egypt [4]. In a sys-
tematic review of the published literature in China, the overall
incidence of hepatic injury was 11.9% [43]. These diversities in
the rate of hepatotoxicity can be attributed to the lack of uni-
formity in the definition of hepatotoxicity, the population (1],
treatment regimens and types of monitoring [4].

In six studies of the present review, the investigators evalu-
ated the factors associated with development of DIH. None
of these studies found female sex as a risk factor. However,
this was a risk factor for hepatotoxicity in several other stud-
ies [1,35,50]. Nevertheless, this factor was not revealed to be treat-
ment limiting or statistically significant and some of the studies
did not show an increased risk of DIH in women [4,54]. Two of
our studies found that patients older than 65 years were signif-
icantly at higher risk for DIH (31,34, Despite the fact that
increasing age is among risk factors for DIH [1,43550), there
are studies like some of our reports in which no association
was determined in this regard (4,1827,3233,54. The correlation
between concomitant use of other hepatotoxic agents and
DIH was evaluated in three studies but a significant association
was recognized in only one [33]. Lack of finding a correlation
between this factor and DIH may be due to the differences in
concomitant agents among studies [33.34. Coinfection with
HBV (15054, HCV (14550 and HIV [50] are suggested to be
the risk factors for DIH. These coinfections were evaluated in
three studies, and only in the study by Khalili ez 2/ 33 it was
demonstrated that patients with HCV and HIV coinfections
were significantly more susceptible to DIH. Lack of this associ-
ation in other two studies [31,34] may be somehow due to the fact
that viral hepatitis and HIV serostatus were not checked for all
of the patients and the frequency of positive patients was not
representative of a real distribution of these infections. It was

also proposed that lack of association between hepatotoxicity
and viral hepatitis coinfection might be due to the sole consid-
eration of being positive or negative for viral markers without
considering the chronic liver injury or chronic hepatitis 31.
In two studies that only included TB patients coinfected with
HIV, the frequency of DIH was 14.5% [30] and 20% [6]. Unfor-
tunately, none of the studies exactly determined the number of
HIV patients receiving antiretrovirals while they were under TB
treatment. It should be noted that the impact of HIV in devel-
opment of DIH cannot be separated from that of antiretroviral
therapy or viral hepatitis coinfections in these patients [34].
Three studies could not identify any specific risk factor for
DIH despite evaluating the role of age and sex in this
regard [1827,32]. The mean onset of the DIH was between
4.67 and 25.25 days after treatment initiation (as mentioned
is six studies), which is consistence with other studies that
reported most of the cases of DIH in the first two months of
treatment [1,53]. It is assumed that the majority of patients
recover spontaneously from the DIH by discontinuation of
the culprit drugs (351, and this was the modality mentioned in
six studies that addressed the management of DIH in our
review. It is an accepted method to reintroduce the medications
after resolution of the DIH [53]. Based on the data of four stud-
ies, it was found that 16.26% of patients re-experienced the
DIH after reinitiation of the anti-TB medications. This is
higher than the study by Sharma ez 4/, in which they found
that DIH reoccurred in 10.9% of the patients [51]. The low fre-
quency of recurrence found by Sharma ez a/. might be attrib-
uted to the differences in patient population because they
excluded patients at high risk for hepatotoxicity [551. However,
the prevalence of DIH recurrence was 24% in another study [56].
Finally, it is worth mentioning that this serious adverse effect
can result in considerable morbidity and mortality [1] and can
decrease the effectiveness of treatment [1,53]. In our review, the
major cause of ADR-induced mortality was DIH and it was
shown that death rate was higher in patients who developed
DIH [16,29,34].

5. Conclusion

The review of Iranian studies shows that patients receiving
anti-TB medications are vulnerable to a variety of adverse
effects. Among them, the most frequently reported ones
were hepatotoxicity, rash and ototoxicity. To the best of
our knowledge, this is the first review of the published lit-
erature on adverse reactions of anti-TB treatment regimen
in Iran. However, the limitation of this review is particu-
lary related to the paucity of well-designed studies that
mainly concern ADR. Many of the studies lacked some
of the data regarding patients’ characteristics. Also, discrep-
ancies were noted about the categorization of ADRs, defini-
tions, patient populations, concomitant medications and so
on. The causality assessments were conducted in limited
studies, which might have led to the misclassification
of diagnosis.
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6. Expert opinion

The ADR pattern in general was comparable to other studies
in terms of frequently reported ADRs, the most common
ADRs and number of ADRs per patients. But we faced the
higher proportion of patients experiencing ADRs to the total
patients undergoing TB treatment. Because of the aforemen-
tioned heterogeneities of the studies on MDR-TB cases in
the text, it was difficult to compare the results within MDR-
TB population. But the whole pattern of common ADRs
with slight difference was also comparable to other studies.
Associated factors with ADRs in the first section were almost
similar to other studies (e.g., female gender, MDR-TB, and
HIV-positive patients), except the age of patients that was
not found to have significant association in none of our stud-
ies. Majority of the studies were similar in considering the
characteristic and quality of studies. Many studies did not
include any specific definition for ADR and they did not assess
causality, preventability and severity of ADRs. Most of the
authors only reported ADRs of the combinations of anti-TB
medications rather than reporting for individual agents. More-
over, a large amount of articles did not report the onset and
duration of ADRs. Additionally, the studied populations
were mostly sensitive TB cases and were hospitalized. Many
of the articles lacked some necessary explanations and details.
All of the above-mentioned points could be considered as con-
founding factors. These factors make the comparison between
the studies difficult or evan sometimes unreliable because the
available data do not provide enough informative bases for
the comparison of the results. These can also lead to studies
with lower quality. Nevertheless, we did our best to extract
the data mentioned in the articles in a way to be similar as
much as possible in order to eventually achieve some conclu-
sions. Another consideration is that different approaches of
physicians and pharmacists in conducting studies can make

Anti-tuberculosis drugs adverse reactions

the results of the studies somehow different. All of the included
studies in this review were concerned about DIH. This shows
the high importance of this ADR in patients receiving anti-TB
medications. Among the causes of drug-related mortality in
TB patients, DIH stands first, followed by neuropsychiatric
events associated with second-line agents used for the treat-
ment of MDR-TB. This finding emphasizes on the roll of
anti-TB medication-induced DIH. We calculated the propor-
tion of Iranian patients who developed DIH; however, these
data need to be interpreted cautiously. One of the most impor-
tant points that facilitate pooling data of different studies
together is the consistency between the studies’ inclusion and
exclusion criteria. Historically several risk factors are
suggested to be associated with increased incidence of DIH.
The different approaches of the articles with the inclusion of
patients with these risk factors along with the different defini-
tion of DIH can make the conclusion difficult. Currently, the
only intervention that is recommended for the management of
the DIH is discontinuation of the regimen that interrupts
treatment as was noted in the included studies. However,
most of the authors did not address the consequences of this
interruption. Finally, it worth mentioning that the included
studies did not focus on the differences of the ethnicities
among Iranians in the development of ADRs and none were
multicentral. Therefore, the authors suggest that researchers
follow these areas.
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