
eGFR were done. Development of hepatotoxicity was watched by 
monthly monitoring of liver enzymes and bilirubin serum profiles.
RESULT: The selected 148 patients were older and four fifths were 
males. 16 patients developed ATT-DIH at first or second month 
monitoring following DOTS. They were more undernourished, 
hypoproteinaemic, bore more extensive disease and were sputum AFB 
positive. Their eGFR profiles were normal but significantly lower 
and plasma antioxidant capacity significantly reduced. Oxidative 
stress marker levels also were insignificantly raised. They exhibited 
subclinical elevation of serum enzymes AST and ALT. No significant 
influence of age and gender was seen on incidence of ATT-DIH.
CONCLUSION: Frailty with extensive disease constituted 
phenotype vulnerable to ATT-DIH. Hypoalbuminaemia, reduced 
plasma antioxidant capacity, subclinical elevated profile of 
transaminases before starting DOTS were forewarning laboratory 
indices. LFT ought to be monitored at fortnight, a month and at 2 
months in such patients as minimum necessity to timely detect and 
address hepatotoxicity. 

Key words: DOTS; Primary antitubercular drugs; Hepatotoxicity; 
transaminases; monitoring in tuberculosis
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INTRODUCTION
Tuberculosis continues as huge health care problem globally. Cur-
rently recommended first line treatment for TB includes regimen of 
isoniazid (INH), rifampicin (RMP), pyrazinamide (PZA) and etham-
butol (EMB) for initial 2 months followed by 4 months of INH and 
RMP and/or EMB[1]. Among the first line quadruple therapy drugs 
(INH, RMP, PZA, EMB), first three are metabolized mainly by the 
liver and are potentially hepatotoxic. A fair fraction of TB patients on 
chemotherapy with isoniazide and rifampicin exhibit elevations in 
serum levels of liver enzymes, alanine aminotransferase (ALT, earlier 
called SGPT) and aspartate aminotransferase (AST, earlier SGOT) 
activities. A small fraction of these can worsen further to compel 
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ABSTRACT
CONTEXT: Phenomenal number of people suffers tuberculosis 
and is prescribed primary line DOTS antitubercular chemotherapy. 
Evidence based clinical practice to minimize risk of hepatotoxicity is 
primary imperative. 
AIM: Study generates evidence for predicting individual hepatotoxic 
risk using patient’s constitutional and health parameters and disease 
characteristics and adopting right course of management. It is 
observational study in patients consecutively selected by defined 
inclusion and exclusion criteria.
METHODS: Newly enrolled pulmonary tuberculosis patients for 
DOTS were studied to examine host and disease specific predictors 
of hepatotoxicity risk. Pretreatment baseline liver function tests and 
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chemotherapeutic agent withdrawal that may increase morbidity and 
substitute drug may have worse profile leading to treatment failure 
and relapse[2].

Liver dysfunction markers
Serum levels of liver enzymes ALT and AST are markers of hepato-
cyte integrity and ALP (alkaline phosphatase), is shed into circulation 
in cholestasis. Decreased serum albumin can truly be called indicator 
of decreased functional liver mass. Both transaminases are concen-
trated in liver however, AST is present in other tissues as well hence, 
ALT is more specific indicator of liver damage. 
    Up to 5 fold rise over upper normal levels (UNL) of the transami-
nases is taken to indicate mild liver damage; 5 to 10 fold indicates 
moderate and >10 fold severe damage[3]. Conjugated bilirubin is vir-
tually absent in serum due to rapid secretion in bile. Levels increase 
when liver has lost half its excretory capacity. Raised bilirubin there-
fore always indicates liver disease. In absence of enzyme elevation 
raised bilirubin level would indicate drug induced cholestasis. Hypo-
albuminaemia without rise in levels of transaminases indicates extra-
hepatic cause for low albumin level.

Hepatic drug metabolism
Drug induced liver injury most often is consequent to unpredictable 
idiosyncratic reactions that are metabolic reactions or hypersensitiv-
ity and do not depend on the drug dose. Metabolic idiosyncratic reac-
tions may result from genetic or acquired variations in drug metabo-
lism pathways effecting synthesis or abnormally slow detoxification 
of a hepatotoxic metabolite. Such reactions occur at unpredictable 
latent period after drug administration. A recurrence of such reactions 
on re-exposure to the drug is more predictable however[4]. Asymp-
tomatic transient elevations of ALT may reflect minor, non progress-
ing injury to hepatocyte, mitochondria, cell membrane or other struc-
tures. The latter does not lead to inflammation or histopathological 
damage. Induction of hepatic microsomal P450 enzymes represents 
another kind of adaptation.

Antitubercular drug induced hepatotoxicity (ATT-DIH)
First line anti-TB chemotherapeutic agents have hepatotoxic poten-
tial. RMP is found to increase serum level of liver enzymes AST, ALT 
and ALP[5]. INH and RMP increase formation of reactive oxygen spe-
cies which play role in mediating hepatotoxic effect and elevation of 
markers of structural and functional impairment. Tuberculosis is pro-
oxidant state as active inflammation involves activated inflammatory 
cells that secrete cytokines and free radicals. There is progressive 
decline in plasma antioxidant activity and increasing oxidative stress 
causing organ damage including liver in TB patients[6,7].
    Elevation of trasaminases is seen more frequently and more mark-
edly in slow acetylators. The monoacetyl hydrazine metabolite is tox-
ic to liver by way of free radical generation[8]. RMP, which is inducer 
of microsomal enzymes, causes faster production of the metabolite 
and thus increased idiosyncratic toxicity of INH[9]. 
    60% instances of ATT hepatotoxicity were reported to have oc-
curred in first 3 months and around 80% in 6 months[10]. INH toxicity 
is mostly age related. Severity of the same also reportedly increased 
with age with higher mortality in patients older than 50 years. Wom-
en may not suffer more frequently but exhibit more severe INH hepa-
totoxicity[11]. Alcohol consumption doubles the toxicity rate of INH. 
Active viral hepatitis also increases the risk of hepatotoxicity.
    Conjugated hyperbilirubinaemia is caused by RMP inhibiting 
bile salt exporter pump[12]. Intermittent large dose regimen is found 
associated with hypersensitive cholestatic reaction with symptoms 
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and moderate elevations of ALT and bilirubin levels[13]. The drug  
increases metabolism of many other drugs due to induction of mi-
crosomal enzymes[14]. PZA exhibits both dose related and the idio-
syncratic toxicities including hypersensitivity. It alters nicotinamide 
adenyl dehydrogenase activity in hepatocytes resulting in increased 
generation of free radical species. RMP-PZA combination is far more 
hepatotoxic[15]. Drugs may inhibit mitochondrial function through 
effect on oxidative and respiratory chain enzymes, impairing cellular 
aerobic respiration and metabolism of free fatty acids. Accumulation 
of lactate and reactive oxygen species occurs. Final toxic metabolites 
getting into bile would damage biliary epithelium[16,17]. INH and RMP 
induced hepatotoxicity also apparently involves oxidative stress. 
There are multiple factors believed to increase risk of ATT-DIH 
namely, older age, female sex, alcoholism, underlying liver disease, 
acetylation phenotype, N-acetyl transferase-2 activity, glutathione 
transferase activity, hepatitis B and C virus infection, HIV infection, 
extensive disease and malnutrition[18]. Asymptomatic increase in AST 
has been observed in 20% of patients receiving standard four drug 
ATT regimen[19].
    There is no easy means to predict individuals destined to develop 
liver damage, however. Drug monitoring is too costly to be practical. 
Awareness of risk groups therefore is crucial to detect and address 
ATT-DIH. Findings from evaluation of hepatic dysfunction among 
pulmonary tuberculosis patients newly put on primary line anti TB 
treatment (ATT), under the DOTS unit in the medical college over 
period of June 2012 to December 2013 are presented. The find-
ings contribute local clinical evidence base facilitating appraisal of 
hepatotoxicity risk in TB patient, and evidence based preventive ap-
proaches. 

PATIENTS AND METHOD
Consecutive patients with diagnosed pulmonary tuberculosis aged 
between 20 to 65 years, of either sex, newly enrolled for DOTS regi-
men were chosen for the observational study. Those consuming alco-
hol, any other prescribed or over the counter medications, suffering 
co-morbidity besides TB or giving history of liver disease and current 
symptoms were excluded. Extrapulmonary TB cases were excluded 
for reason of uniform application of chest X-ray and sputum tests 
as measures of disease severity. Patients were to be further assessed 
over course of study and excluded whenever any alcohol consump-
tion or viral hepatitis came to detection. 
    The protocol was approved by college ethics committee and in-
volved monthly checkup including liver function tests. Patients were 
explained of the protocol and were assured of no revelation of per-
sonal identity without concurrence. Their informed consent was so 
obtained before inclusion in study. Patients were educated about signs 
and symptoms of hepatotoxicity. They were instructed to report upon 
experiencing any adverse event to the unit and comply with neces-
sary instructions. Every month they were enquired for any experience 
of adverse events or taking any other medications or alcohol, and if 
so found, were removed from the study. Liver function tests were 
performed at each monthly follow up, and at instance of symptoms 
suggestive of hepatotoxicity. 219 cases of pulmonary TB of chosen 
age range were included in study. 23 of these were excluded for al-
cohol consumption; 43 for significant co-morbidities, past history of 
hepatitis and exhibiting aberrant liver function profile at the outset 
and 5 patients for acquiring viral hepatitis. Total 148 cases of pulmo-
nary tuberculosis were retained and the count includes those suffering 
hepatotoxicity with consequent treatment withdrawals.
    Detailed clinical history, demographic details age, gender, body 



weight and height record was made. Symptoms of hepatitis, i.e. nau-
sea, anorexia, malaise, vomiting, abdominal pain, fever and jaundice 
were keenly enquired for. Body mass index (BMI) was calculated as 
body weight in kg/height in m2. Sputum smear were examined for 
acid fast bacilli. Chest X-rays were sought and patients showing infil-
tration under 30% of lung field were rated as mild; those between 30 
to 50% as moderated and those > 50% as having severe disease.
    All patients underwent liver function test before starting antituber-
cular therapy. Patients were instructed to come overnight fasting for 
blood collection. 10 mL blood samples were collected in anticoagu-
lant (EDTA) vials. Plasma was separated by centrifugation at 2,500 
g for 10 minutes. After taking third of aliquot for assay of malonal-
dehyde and plasma total antioxidant capacity, rest was sent to central 
laboratory facility for serum creatinine determination and tests for 
liver function. The latter included serum bilirubin, AST, ALT, ALP, 
total protein and albumin concentrations estimated by standard labo-
ratory procedures. Malonaldehyde level (as indicator of oxidative 
stress), was determined as thiobarbituric acid reactive substances[20]. 
Total plasma antioxidant capacity was determined by FRAP (Fer-
ric oxide reducing ability of plasma) method[21]. Colourless ferric tri 
pyradyl triazine complex is reduced by plasma sample to blue ferrous 
complex due to the contained antioxidants. The change in absorbance 
is measured upon 4 minute reaction time at 593 nm which indicates 
total reducing power of electron donating antioxidants present in 
plasma.
    Serum creatinine concentration was measured by Jaffe’s method 
and glomerular filtration rate was estimated using the abbreviated 
equation of the 4 variable modification of diet in renal diseases 
(MDRD) formula[22]. The formula for uniform ethnicity is: 
    eGFR (mL/min/1.73 m2) = 186 × serum creatinine level – 1.154 × 
age × 0.742 in case of women.
    Liver chemistry tests for serum bilirubin and enzymes were per-
formed every month after starting the therapy and when patient 
reported with complaints. Peak estimated value reaching the defined 
range of hepatotoxicity or sub-hepatotoxicity, formed the basis of 
classifying individual patients as having no hepatotoxicity, sub-hep-
atotoxicity and hepatotoxicity. Whenever patient had 2 fold rise of 
transaminases over UNL (ALT 41 IU/L and AST 38IU/L), markers of 
acute viral hepatitis A, B, C and E[23], were requisitioned. Abdominal 
ultrasonography was also sought to check presence of fatty liver or 
chronic liver disease. Intense enquiry was made in such cases of any 
alcohol use or self medication and in case of positive detection the 
patient would be excluded from study.
    BMI of less than 20kg/m2 was indicative of poor nourishment. 
Hypoalbuminaemia was defined as serum albumin level of less than 
3.5 mg/dL. Upper normal level for ALT was 41 IU/L and AST 38 IU/
L. ATT-DIH was defined by AST and ALT levels raised 5 times the 
UNL (upper normal limit, 40 IU/L) OR 3 times above UNL along 
with clinical symptoms viz. malaise, anorexia, nausea, fatigue, ab-
dominal pain vomiting, jaundice etc. and negative serological tests 
for viral hepatitis A, B, C, E. Decline of raised transaminases at least 
to 50% within one month of ATT withdrawal finally provided con-
firmation. The patient was deemed to have served the study purpose 
and managed as per requirements. ATT medications, INH, RMP, and 
PZA were with held till the transaminase levels normalized.
    Patients showing rise of AST, ALT levels after starting ATT but 
not meeting the levels to hepatotoxicity definition, were made into a 
separate category of mild or subtoxic LFT alteration.

Statistical data analyses
The categorical data consisted distributions as present of absent and 
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distribution around a defined cut off or score or around common 
whole sample median. The serum bilirubin and enzyme levels were 
measured at baseline and consequent monthly intervals. All other 
parameters were determined once only at baseline. For statistical 
analyses, values of individual parameter in different patient catego-
ries (based on LFT abnormalities), were pooled and common median 
value was identified in 148 cases sample. Then segregation of num-
ber of patients from each category as those with above the median 
values and those at or below the common median value were tabu-
lated. Only peak monitored value of cases showing defined abnor-
mality were noted and compared to the baseline value. For bilirubin 
and serum enzyme parameters, the actual values are presented and 
difference from the baseline value of no hepatotoxicity group was 
examined by paired t-test. Comparative distribution of patients in dif-
ferent groups around common median value of given parameter was 
analyzed by Chi square (Moods median) test.In comparisons where 
number of observations in any cell were less than 5,Fishers exact test 
was resorted to for analysis.

OBSERVATIONS AND RESULT
As seen in table 1, sample median age is high, 47 years. No signifi-
cant differences in age distribution among the non hepatotoxic and 
hepatotoxic categories were seen. Sample also comprised four fifths 
of males. Significant sex differences among patients distributed 
in various categories were not seen. The hepatotoxicity group had 
insignificant higher proportion of female patients. 63 of 148 cases 
(42.6%) had BMI less than 20kg/m2 and were poorly nourished. 
The proportion of malnourished cases was significantly high (75%), 
among those developing hepatotoxicity. Extensive (severe) pulmo-
nary disease was detected in 48 of studied 148 (32.4%) cases. Such 
proportion was significantly high (62.5%), among patients develop-
ing hepatotoxicity. Sputum smear AFB positive rate was 62.8% (93 
of 148 cases) in general, while in patients developing hepatotoxicity 
it was significantly higher (81%). None of the patients spared of 
hepatotoxicity ever complained symptoms of hepatic illness. All 16 
cases developing hepatotoxicity and 4 of 26 cases with sub-toxic LFT 
alterations complained symptoms of hepatic illness.
    Table 2 depicts biochemical profiles at baseline before starting ATT 
in different categories. The patient’s later developing hepatotoxicity 
frequently had lower plasma protein concentration. Albumin concen-
tration was also significantly more often lower among hepatotoxicity 
and even subtoxicity group. Significantly high proportion of such cases 
had eGFR values on the lower side of general median. All study sub-
jects however had eGFR above the critical 60 mL/min/1.73 m2.level.
There was no significant difference in relative prevalence of elevated   
oxidative stress levels indicated by malonaldehyde concentration. Me-
dian malonaldehyde concentration was high compared to that (under 
2 micromoles/L), in healthy people. The patients who suffered hepa-
totoxicity had significantly lower baseline plasma antioxidant capacity 
indicated by the FRAP values. Median plasma antioxidant capacity 
value is quite low compared to over 1,000 micromoles/L value ob-
served to prevail in healthy adults.
    Tables 3 presents baseline and monitored peak estimate data of liver 
enzyme and bilirubin serum levels for different groups. As stated, the 
baseline values of all 148 cases were pooled to obtain common median 
value for each studied parameter. Consequent monitored peak estimate 
in the cases formed the basis of categorizing them as no hepatotoxicity; 
sub-hepatotoxic LFT alteration and hepatotoxicity groups. Distribution 
of patients in each group around the common baseline median value 
initially and also at peak estimate level is shown in table 4.
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    Proportion bearing higher baseline ALT and AST values were sig-
nificantly higher among hepatotoxicity group. Serum bilirubin or se-
rum ALP enzyme profiles at baseline did not significantly differ among 
the three categories of patients. Hepatotoxicity group also exhibited   
higher than median values of ALP activity at baseline, although not 
statistically significant.

DISCUSSION 
Identification of risk factors associating ATT-DIH in areas endemic 
in TB and liver disease is of major significance. Hepatotoxicity is 
major adverse effect of first line anti-TB drugs and causes significant 
morbidity and mortality often enforcing modification of ATT drug 
regimen. Identification of patients at increased risk of hepatotoxicity 
with clinical and feasible laboratory indicators is worthwhile. 
Published studies have reported 4.3% to 19% incidence of ATT-DIH. 
It is difficult to assess real incidence for any select patient community 
as context of host, disease, therapy and terms of defining toxicity 
vary. ATT-DIH incidence is reported to be higher in developing 
societies where older age of patients, concomitant viral hepatitis and 

chronic liver disease, alcohol consumption, indiscriminate drug use, 
intestinal parasites and infections, malnutrition and extensive disease 
may be the determinants[24-26]. Hepatotoxicity incidence may depend 
upon ethnic susceptibility. Several studies have examined host 
factors, environmental factors or genetic factors as HLA typing[23] 
and specific cytochrome P450 E family or acetylator status[27].
    Present study differs from most referred studies in very restrictive 
patient selection viz. 20 to 65 year age group and careful exclusion 
of risk factors from past and personal history (past liver disease, 
alcoholism and other hepatotoxic drug intake, co-morbidities etc). 
Even extrapulmonary TB cases which are reportedly more vulnerable 
to ATT-DIH[28] were excluded in order to have uniform severity 
assessment with X-ray and sputum smear test. The design essentially 
selects examination of role of host constitutional and environmental 
(nutritional) factors and disease severity for bearing on ATT-DIH.

Table 1 Baseline demographic and clinical profile of cases in various 
categories.

Parameters
No-
Hepatotoxicity 
(n = 106)    

Mild LFT 
Alterations 
(n = 26)     

Hepatotoxicity 
(n = 16)

Chi 
Square 
Analysis

Age Median (47 years)
Median & below                         58 09 07
Above median                                48 17 09

Gender
Male 83 22 12
Female 23 04 04

BMI
20 kg/m2 and 
below                      

41 10 12

Above 20kg/m2                              65 16 04 *
X-ray grading

Mild 28 10 00
Moderate 46 10 06
Severe 32 06 10 *

Sputum (AFB)
Positive 63 17 13
Negative 43 09 03

*indicates statistically significant comparisons.

Table 2 Distribution of patients under different categories around general 
median values of baseline biochemical parameters.
Parameters 
(Median value)

No-
Hepatotoxicity 
(n = 106)    

Mild LFT 
Alterations 
(n = 26)     

Hepatotoxicity 
(n = 16)

Chi 
Square 
Analysis

Total Protein (6.77g/dL)
Above M 61 09 04
M and below                                            45 17 12 *

Serum albumin (3.6 g/dL)
Above M 63 08 03
M and below                                            43 18 13 *

eGFR (83.2 ml/min/1.73 m2)
Above M 59 14 01
M and below                                            47 12 15 *

Plasma MDA (3.47 µmol/L)
Above M 50 13 11
M and below                                            56 13 05

FRAP (612 µmol/L)
Above M 61 11 02
M and below                                            45 15 14 *

*indicated statistically significant differences

Table 4 Distribution of patients of different groups around baseline 
common median values of Bilirubin and liver enzymes.
Parameters 
(Median value)

No-
Hepatotoxicity 
(n = 106)    

Mild LFT 
Alterations 
(n = 26)     

Hepatotoxicity 
(n = 16)

Chi 
Square 
Analysis

ALT (56 IU/L)
Baseline
Above M 56 12 06
M & Below 50 14 10
Peak
Above M - 24 16
M and Below - 02 00 *

AST (44 IU/L)
Baseline
Above M 40 21 14
M & Below 57 05 02 *
Peak
Above M - 26 16
M & Below - 00 00 *

ALP (178 IU/L)
Baseline
Above M 49 15 10
M & Below 57 11 06
Peak
Above M - 26 16
M & Below - 00 00 *

Serum Bilirubin (0.7 mg/dL)
Baseline
Above M 52 12 10
M & Below 54 14 06
Peak
Above M - 10 16
M & Below - 16 00 *
*Indicates statistically significant differences 

Table 3 Liver function profiles in different patient categories.
Parameters No-Hepatotoxicity 

(n = 106)    
Mild LFT 
Alterations (n = 26)

Hepatotoxicity 
(n = 16)

ALT IU/L (M ± SD)
Baseline 38 ± 11.2 38 ± 11.6 46 ± 12.2*
Peak - 176 ± 96 670 ± 282*

AST IU/L (M ± SD)
Baseline 32 ± 10.2 42 ± 12.3 51 ± 13.6*
Peak - 192 ± 112 456 ± 274*

ALP IU/L (M±SD)
Baseline 176 ± 80 183±68 180±72
Peak - 232±102 268±126

Serum Bilirubin mg/dl (M ± SD)
Baseline 0.67 ± 0.2 0.62 ± 0.23 0.69 ± 0.25
Peak - 0.96 ± 0.6 2.36 ± 1.8*

*Indicate statistically significant difference, student t test.



    Higher age did not significantly associate ATT-DIH in present 
study, despite many such reports[23,29]. The median 47 year age 
indicates higher age profile of study sample than 35 year cut off 
used in most other reports, which may explain the divergence. 
Study sample also has excess four fifths comprised of male patients. 
No significant gender association to hepatotoxicity was manifest. 
Numerically the proportion of females to males in hepatotoxicity 
victims was 1: 3, i.e higher than overall 1: 4 proportion. Females 
are believed to differ from males in having lower BMI and slower 
pharmacokinetics including acetylation[30], and thus at greater risk of 
DIH which may be more severe too.
    All patients developing hepatotoxicity in our study sample 
complained of symptoms of hepatic illness and had liver enzyme and 
bilirubin alterations at instance of 1st or 2nd month monitoring which 
is in agreement to other reports. Shakya found median 28 days (15-61 
days), latent period for occurrence of DIH after commencing ATT[31]. 
Mahmood et al[32] reported DIH onset in most patients within 14 days 
of starting ATT and return of raised enzyme profiles fast in 2 weeks 
on withdrawing ATT. Shakya et al[31] reported similar observation. 
In study by Makhlouf et al[33], DIH occurred between 15 to 60 days 
(median 30 days), of initiating ATT and after stopping therapy, 
LFT normalized between 15 to 45 days. 72% of slow acetylators as 
opposed to 27% of fast acetylators exhibited raised transaminases in 
first week of commencing ATT[34], but no differences occurred after 
8 weeks. The duration of detection of hepatotoxicity in this study 
apparently exceeds the period predicable for difference of acetylator 
status leading to early INH toxicity. PZA toxicity occurs after longer 
periods of treatment.PZA hepatotoxicity, though high, are dose 
dependant. At 30 mg/kg prevalent dose, taken for 2 months, there are 
rare chances of DIH[35]. The hepatotoxicity in context is attributable 
primarily to INH therefore.
    Both BMI and low albumin states significantly associated ATT-
DIH in present study.Poor nutrition associates higher DIH risk[36,37]. 
ATT-DIH is increased in hypoalbuminaemia and low BMI. Protein 
energy malnutrition may hamper enzyme function including 
acetylation[38]. Poor nutrition implies lower glutathione storage and 
hence greater vulnerability to oxidative injury. Two thirds of subjects 
developing subsequent hepatotoxicity had higher than median 
malonaldehyde levels in contrast to even proportion among those 
not developing ATT-DIH. Oxidative stress is part of inflammation 
associated to tuberculous infection. The plasma antioxidant potential 
to protect organs against oxidative stress determines the extent 
of oxidative damage. Plasma antioxidant capacity in all patients 
measured as FRAP was lower than known for healthy adults, e.g. 1,000 
µmoles/L. Significantly lower FRAP level prevailed in patients that 
suffered ATT-DIH.
    Higher proportion of ATT-DIH cases had severe disease, consistent 
with other reports. Sputum smear positive cases are also reported to 
suffer more severe DIH; probably due to release of toxic contents of 
killed heavy bacterial load[39]. The ongoing immune inflammatory 
responses of tuberculous infection cause cachexia[40]. The disease 
sets in vicious circle of oxidative damage and nutrient erosion. Liver, 
the drug metabolizing high activity organ must bear the brunt of free 
radical damage. Slower drug metabolizing trait and high dose of ATT 
in relation to body weight may as well be important risk factor for 
hepatotoxicity[41].
    Serum levels of liver enzymes ALT and AST were significantly 
higher, although within normal limits, at baseline estimates in 
patients that developed hepatotoxicity. This observation suggests 
ability of ALT AST profiles to mark tuberculosis patients at increased 
risk of ATT-DIH even before starting therapy. Neither ALP nor serum 
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bilirubin profiles at baseline carried such hint. ALP primarily rises 
following cholestasis and bilirubin does not rise before significant 
liver damage has already occurred. The baseline imbalance of 
oxidative stress and deficient antioxidant status imparts vulnerability 
to develop ATT-DIH. Majority of ATT-DIH patients displayed lower 
normal values of baseline eGFR in significant contrast to other 
patients. Decline in renal function therefore indicates as risk factor.

CONCLUSION AND EPILOGUE
The study findings collectively emphasize poor nutrition and 
extensive disease as evident risk factors for ATT-DIH. Their co-
existence with subclinical elevations in ALT and AST liver enzyme 
levels should cause alarm. It implies serious cognizance and 
correction of nutritional deficit and intensive monitoring of liver 
function at fortnight, first month and second month of starting 
DOTS. Patients with baseline elevation of enzyme profile should be 
prescribed non-hepatotoxic ATT. Renal function declines should also 
caution on increased risk of ATT-DIH.
    Mild liver dysfunction (less than 5 fold ALT/AST rise and no 
symptoms), occurs in 20% of patients[19]. It is found to be reversible 
even on continuing treatment[42]. Severe liver disease occurs in 1 to 
3% of patients but in India reported rates are 8 to 39%[43]. If that goes 
undetected, liver failure would occur and death unless liver transplant 
is an option. 
    Available guidelines indicate baseline LFT before starting ATT. 
Routine (regular) measurement of hepatic function during treatment 
is indicated in patients showing baseline abnormalities and those 
with documented viral hepatitis B or C or alcohol abuse[44,45]. Early 
identification may offer scope for applying interventions to improve 
prognosis. Other studies have confirmed such benefit of regular 
monitoring[46,47]. Rapid increase of ALT implies need to investigate 
viral hepatitis and toxicity to any other drugs and more frequent 
monitoring, e.g. on fortnightly basis. For patients with abnormal liver 
function at baseline, ATT be not started till normalization with rest, 
diet and hepatoprotective therapies.
    Yet there is no consensus on frequency of LFT monitoring in 
ATT[48]. American thoracic society recommends monitoring every 
2 to 4 weeks for patients at risk. JTC-British thoracic society[45] 
recommends monitoring every week for first 2 weeks, then every 2 
weeks for 2 months. In Chinese, national programme, LFT done at 
baseline and after 2 months of starting ATT[49]. Standard approach 
to ATT-DIH is to stop INH if ALT raises at least 3 fold over UNL 
along with jaundice and/or symptoms of hepatic illness. In absence 
of symptoms ALT rise 5 times is deciding factor[50]. When ALT does 
not recover following ATT withdrawal, detailed investigations for 
autoimmune disease are indicated. Restoring of ATT depends on risk 
benefit assessment, which would mandate frequent liver function 
monitoring as errant drug is very likely to inflict injury again.
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