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Summary
Antituberculosis drug-induced hepato-
toxicity is quite common. However, fac-
tors predicting its development are still
controversial. The objective of the pre-
sent study was to evaluate the role of
certain factors (age and sex ofthe patient,
alcoholism, chronic liver disease, hepatitis
B virus carrier status, acetylator status,
nutritional status and antituberculosis
treatment (ATT) regimen) in predicting
the development ofATT-induced hepatitis.
In a case-control study, 60 consecutive
patients with evidence of ATT-induced
hepatitis were studied to assess the possi-
ble association of the above-mentioned
factors with ATT-induced hepatitis. Body
mass index was found to be significantly
lower in ATT-induced hepatitis patients
(17.2 ± 2.7) than in controls (19.5 ± 3.3)
(p<0.05). Pyrazinamide was used in
addition to isoniazid and rifampicin in a
significantly higher percentage of
patients in the ATT-induced hepatitis
group (70%) as compared with those in
the control group (42%). No significant
differences were observed between the
two groups with regard to the rest of the
parameters.
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Introduction

Tuberculosis is becoming an increasingly
important problem worldwide, especially with
the alarming increase in the incidence of
acquired immunodeficency syndrome
(AIDS).' Drug-induced hepatotoxicity is a
potentially serious adverse effect of the cur-
rently used antituberculosis chemotherapeutic
regimens containing isoniazid, rifampicin and
pyrazinamide.2-4 The underlying mechanisms
of antituberculosis treatment (ATT)-induced
hepatotoxicity and the factors predisposing to
its development are not clearly understood.
The age and sex of the patients,56 chronic
alcoholism and chronic liver disease,6'7 hepatitis
B virus carrier status,8 acetylator status,39 and
nutritional status'0 have all been incriminated
as possible predisposing factors in earlier
studies. However, contradictory results have
been reported by other workers"-"3 and con-
sensus regarding their role is lacking. In view of

the considerable controversy, the present study
was aimed at clarifying the role of the above
factors as predictive markers for the develop-
ment of ATT-induced hepatitis.

Patients and methods

In this case-control study, 60 consecutive
patients with ATT-induced hepatitis attending
the out-patients department or admitted to the
All India Institute of Medical Sciences, New
Delhi, formed the study group. The criteria
followed for diagnosing hepatitis were clinical
manifestations of hepatitis along with serum
aminotransferase levels more than twice the
normal upper limit. An equal number of con-
secutive patients with tuberculosis who
received the full course of ATT without
developing hepatitis formed the control group.
These patients were started on ATT in our
hospital and were followed up regularly while
they were receiving ATT. In all patients who
presented to us with acute hepatitis while on
ATT, sera were analysed for the presence of
markers of acute viral hepatitis A, B and C
(IgM anti-HAV, IgM anti-HBc and anti-HCV
antibodies by ELISA, respectively). We exc-
luded those patients whose results of serologic
tests indicated that the acute hepatitis was of
viral origin. All patients underwent a detailed
clinical assessment. The details of the ATT
received including the nature of drugs, dosage
and duration, patient compliance and intake of
other potentially hepatotoxic agents including
alcohol were carefully recorded. A daily con-
sumption of more than 40 g of alcohol for at
least five years was considered as chronic
alcoholism. The nutritional status of the
patients was estimated by calculating the body
mass index (BMI) (weight in kg/height in m2).
Malnutrition was considered to be present if
BMI was less than 18.5.'4 The presence of
chronic liver disease was established by liver
function tests, endoscopy, ultrasonography
and liver biopsy (wherever possible).
A complete liver function profile including

serum bilirubin, serum aminotransferases,
total protein and serum albumin, serum
alkaline phosphatase and hepatitis B virus
surface antigen was carried out in all patients of
both groups. Determination of the acetylator
phenotype was done by the serum sul-
fadimidine test."5 Antituberculosis drugs were
discontinued for at least 48 hours before this
test was carried out. Acetylator status was
determined after the resolution of hepatitis in
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patients with ATT-induced hepatitis. Bio-
chemical tests of hepatocellular injury were
repeated every week till recovery in patients
with ATT-induced hepatitis.

Statistical analysis was done by applying
Student's t-test for continuous variables and
chi-square test with Yates' correction for
dichotomous variables. A p value of less than
0.05 was regarded as significant.

Results

There were 60 patients each in the study and
control groups. The mean age of the patients in
the ATT-induced hepatitis group was
40.7 ± 18 years and the majority of the cases
(69%) were aged between 14-50 years. The
mean ages of the patients in the study and
control groups were not significantly different
(table 1). ATT-induced hepatitis was seen
almost equally in males and females (table 1).
The interval between the start of ATT and

the appearance of hepatotoxicity varied from
three to 135 days with a mean of 29.1 ± 27.6
days. In two-thirds of cases, hepatitis was

evident within the first month of startingATT
while in nine cases (15%) the onset was delayed
for more than two months after the start of
treatment.
There was no significant difference between

the two groups regarding the number of
patients with a history of chronic alcoholism,
chronic liver disease and hepatitis B virus
carrier state. Determination of the acetylator
status was possible in 32 patients in the study
group and 54 patients in the control group. The
percentages of rapid and slow acetylators were
similar in the two groups (table 1).
BMI was significantly lower in the ATT-

related hepatitis patients compared with those
in the control group (table 1). In patients with
ATT-induced hepatitis, evidence of malnutri-
tion (BMI < 18.5) was found in 32 patients
(53.2%). Patients with malnutrition received
significantly higher doses of isoniazid, rifam-
picin and pyrazinamide compared with
patients without malnutrition (table 2).

All the patients in the study and control
groups had received isoniazid and rifampicin.
However, in addition, pyrazinamide was used
in a significantly higher percentage of patients
in the ATT-induced hepatitis group (70%)
compared with patients in the control group

(38.2%).

Discussion

There is wide disparity in the reported
incidence of ATT-induced hepatitis in
different studies, the incidence being much
higher in studies from India (8-39%).316,17
than in those from Western countries
(2-3%).18-2 Why only some patients who
receive ATT develop hepatitis is not clear.

Whether some host factors, genetic predisposi-
tion, environmental factors, or some interac-
tion among various factors is responsible is not
known. The reported mortality from ATT-
induced hepatitis after the development of
jaundice varies from 4-12%.21 22 No consensus

Table 1 Characteristics of ATT-induced
hepatitis

Patients Controls
(n = 60) (n = 60)

Age (years) 40.76 ± 18.02 37.52 ± 13.39
Sex M:F 33:27 34:26
Chronic alcoholism 2 (3.33%) 5 (8.33%)
Chronic liver disease 4 (6.67%) 5 (8.33%)
HBV carrier none 3 (5%)
Acetylator status 22:10 35:19

(rapid:slow)
BMI ratio 17.22 ± 2.75 19.50 ± 3.33*
(mean ± SD)

Treatment with 42 (70%) 23 (38.26%)*
pyrazinamide

*p <0.05; HBV: hepatitis B virus; BMI:body mass
index.

Table 2 Comparison of daily drug dosages
(mg/kg body weight) between patients with
and without malnutrition (mean ± SD)

No malnutrition Malnutrition
Drug (n = 32) (n = 28)

Isoniazid 6.01 ± 0.79 6.81 ± 0.67*
Rifampicin 9.00 1.17 10.31 1.27*
Pyrazinamide 27.50 3.08 32.14 4.14*

*p<0.01.

exists regarding any predictive factors which
can reliably identify those patients who form a
high risk group for the development of
hepatitis.

In earlier studies it has been observed that
the risk of ATT-induced hepatitis increases
with advancing age, the highest incidence being
in individuals older than 50 years.5 In the
present study, no significant correlation of age
with ATT-induced hepatitis was found.
Although it has been reported that women are
more prone to develop ATT-induced
hepatitis,6 we did not find any female
preponderance in our study patients. Such a
lack of sex difference has been reported ear-
lier."

Contrary to observations in earlier studies,6'7
no significant difference was found in the
prevalence of chronic alcoholism or chronic
liver disease among patients in the study and
control groups. This discrepancy is perhaps
due to the small number of alcoholics in our
study population (two) and also due to the fact
that almost half of our patients were women,
who do not traditionally consume alcohol in
India. Another study has also reported that the
presence of chronic liver disease does not
confer any additional risk of ATT-induced
hepatitis.'2

There is considerable controversy regarding
the relationship of acetylator status to ATT-
induced hepatotoxicity. Both rapid9'23 and slow
acetylators324 have been reported to be more
susceptible to drug-induced hepatitis. In our
study the percentages of rapid and slow
acetylators were similar in the ATT-related
hepatitis patients and in the control group.
Similar observations have been made by Gur-
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murthy et al from a large study in South Indian
patients"3 and by our group in a smaller number
of patients.25
A recent study from Taiwan reported a

higher incidence of ATT-induced fulminant
and subacute hepatic failure in hepatitis B virus
carriers compared to noncarriers.8 In our study
no significant difference in the number of
hepatitis B virus carriers was observed in the
study and control groups; these results are in
agreement with those of another study which
found no increased risk in hepatitis B virus

26carriers.
Low nutritional status is considered to be

one of the factors contributing to the relatively
high incidence of ATT-related hepatitis in
studies from the developing countries.'0'27
Drug metabolism pathways including acetyla-
tion pathways have been shown to be deranged
in states of protein energy malnutrition.28 In
the present study, the BMI of patients with
ATT-induced hepatitis was significantly lower
than that of patients in the control group.
Patients with malnutrition who developed
drug-induced hepatitis also had a tendency to
receive comparatively higher doses of
antituberculosis drugs (table 2).

In our study, pyrazinamide was used, in
addition to isoniazid and rifampicin, in a
significantly higher proportion of ATT-
induced hepatitis patients compared to patients
in the control group. This contradicts recent
reports that pyrazinamide is not hepatotoxic
when used at low doses.3'9 In earlier reports of
pyrazinamide hepatotoxicity, the drug was
used in higher dosages.3' Patients with severe
forms of tuberculosis are known to be at a
higher risk of developing ATT-induced
hepatitis.3'3' Since a large number of patients in
our series had been started on ATT by
physicians outside this hospital and reported to
us only after the development of drug-induced
hepatitis, we could not estimate reliably the
pretreatment severity of their underlying
tuberculosis. This may have confounded our
observation regarding the use of pyrazinamide
which we believe requires validation in a larger
number of patients.
We conclude that lower nutritional status is

the only factor studied that is definitely

Side-effects of common antituber-
culosis drugs

Isoniazid: hypersensitivity reaction, rash,
hepatitis, peripheral
neuropathy, lupus-like
syndrome, psychosis

Rifampicin: flu-like syndrome,
hepatotoxicity, rash,
hypersensitivity, drug
interaction,
immunosuppression

Pyrazinamide: hepatotoxicity, increased uric
acid levels, arthritis,
gastrointestinal symptoms

Ethambutol: optic neuritis, mental
confusion, joint pains

Streptomycin: ototoxicity, nephrotoxicity,
vestibular dysfunction

Cycloserine: CNS side-effects such as
headache, tremors, confusion,
psychosis, depression

Summary points

* tuberculosis, a disease common in third world
countries, is making a resurgence in developed
countries with the prevalence ofHIV
infection

* ATT-induced hepatitis is quite common
* various factors which might predispose to the
development ofATT-induced hepatitis have
been suggested (acetylator status, underlying
chronic liver disease, hepatitis B carrier status,
alcoholism, malnutrition, etc.)

* the present study has shown that malnutrition
is a predisposing factor for the development of
ATT-induced hepatotoxicity, while age, sex,
alcohol intake, chronic liver disease and
acetylator status are not

* pyrazinamide, in combination with isoniazid
and rifampicin, appears to be associated with
an increased incidence ofhepatotoxicity

associated with the development of ATT-
induced hepatitis.
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having given them a grant which helped in analysing the
viral markers in study patients.
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