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SUMMARY Drug-induced liver injury (DILI) due to anti-tubercular treatment (ATT) leads to increased morbidity
and mortality in patients with tuberculosis (TB). The aim of this study was to find the impact of
malnutrition on the development of DILI. This was a prospective cohort study (September 2017 to
August 2019) in which all newly diagnosed in-patients with tuberculosis above the age of 18 years
were included. Those patients with a body mass index (BMI) of < 18.5 kg/m” were considered
malnourished. The patients were monitored for the development of DILI. Liver function tests were
done at the baseline (before initiation of ATT), on the third day and at discharge in all the patients.
Chi-square tests and conditional multiple logistic analysis was performed to identify risk factors
associated with DILI. Out of the 319 subjects who were enrolled, a total of 138 patents chose to
follow up at our hospital. A total of 14 patients (10%) developed DILI. The median time to onset
of DILI was found to be ten days. Extra-pulmonary TB, low BMI and high baseline liver enzyme
levels had a significant association with the development of DILI (p < 0.05). Low serum albumin
had increased odds ratio but wasn't statistically significant. Malnutrition is an important risk factor
for TB-DILIL
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1. Introduction

Tuberculosis (TB) is an epidemic of massive
proportions and is a significant cause of concern in
a developing country like India. With an incidence
of approximately 2.8 million cases in 2018, India
accounts for almost a quarter of the world's TB affected
population (/). Malnutrition in TB is both a cause and
an effect. Malnutrition leading to dysfunction of the
immune system is one of the most frequent causes of
secondary immunodeficiency worldwide (2). It must
be recognized as one of the driving reasons for the
slower decline of the TB epidemic in India despite all
the steps taken nationally towards TB eradication (3).
Given the multifaceted nature of this two conditions,
tuberculosis and malnutrition, it is of great importance
to understand the link between the two and ensure that
high-quality treatment can be provided to these patients
with minimal interruptions. Drug-induced liver injury
(DILI) is a significant cause of treatment interruption

in people on anti-tubercular treatment (ATT) (4). This
leads to increased morbidity and mortality among
affected patients. It is hence imperative to consider the
implications that coincident malnutrition may have
on the impact of DILI in patients with tuberculosis,
especially considering that the incidence of DILI is
far more in developing countries where malnutrition
is rampant (5). The study aimed therefore, to find the
impact of malnutrition on the development of DILI.

2. Materials and Methods

This was a cohort study conducted between September
2017 and August 2019 at a tertiary care hospital in South
India after taking approval from the Institute's Ethics
committee (approval number: 660/2017). All newly
diagnosed in-patients with tuberculosis (pulmonary
and extra-pulmonary) above the age of 18 years were
included in the study. Those patients with a past history
of tuberculosis were excluded. A brief clinical history,
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examination and baseline laboratory parameters of
all the recruited patients were obtained and recorded
according to a pre-defined questionnaire. Those
patients with a body mass index (BMI) of < 18.5 were
considered malnourished. This was done according to
Asian classification. After ATT was started, the patients
were monitored for the development of symptoms of
DILI. Liver function tests were done at the baseline, on
the third day and at discharge in all the patients. The
frequency of LFT was increased depending on the risk
factors and development of symptoms. This was done at
the treating physician's discretion. DILI was defined as
an increase in serum aminotransferase level > 5 times the
upper limit of normal (ULN) in asymptomatic individuals
and > 3 times the ULN in symptomatic patients. In
patients diagnosed with DILI, ATT medications were
withheld and were reintroduced sequentially once liver
function tests were normalized. The offending drug was
identified and replaced with an alternative drug as per
the judgement of treating physician. Those patients who
chose to continue treatment at our hospital were followed
up until the end of the study period.

Data analysis: Chi-square tests and conditional
multiple logistic analysis was performed to identify risk
factors associated with DILI.

3. Results and Discussion

In this study, a total of 319 patients were enrolled. A total
of 188 of these were diagnosed with pulmonary TB (PTB)
(58.9%), and the remaining 131 were diagnosed with
extrapulmonary TB (EPTB) (41.06%). Majority of the
subjects of the total cohort were male (male, 209; female,
110) and belonged to the age group of 40-49 years. The
mean age was 46.3 + 16.62 years. PTB was prevalent
in the age group 40-49, whereas EPTB was prevalent in

the 20-29 age group. It was found that 35.7% of these
subjects were under-nourished. The mean BMI was 20.3
+ 4.01. The proportion of individuals with low BMI was
significantly higher in PTB than in EPTB (45% vs. 22%,
»<0.001).

Out of the 319 subjects, 181 (56.7%) were transferred
out to their respective directly observed treatment short-
course chemotherapy (DOTS) centre while the remaining
138 (43.2%) chose to follow up at our hospital.

Of the 138 patients who were managed at our
hospital, a total of 45 (32.6%) of these patients were
cured, 65 (47.1%) completed treatment, 19 (13.8%)
were still on ATT, and a total of nine (6.5%) patients
died during treatment. A total of 14 patients (10%)
developed DILI. All patients who developed DILI were
initially started on four-drug ATT. The median time to
onset of DILI was found to be ten days. The primary
drug attributed to causing this liver injury was found to
be pyrazinamide, seen in about 8 of the 14 cases. This
was followed by rifampicin, seen in 2 cases. Others were
undetermined.

A total of 20% of the patients who were malnourished
developed DILI while only 5.4% of the patients with a
BMI of > 18.5 kg/m’ developed DILI. BMI was found to
have a significant association with DILI. EPTB and high
baseline transaminase levels were also found to have a
significant association with DILI (Table 1). However,
other attributed risk factors such as pre-existing liver
disease, low serum albumin levels, female sex and
human immunodeficiency virus (HIV) coinfection were
not associated with increased risk for DILI. Low serum
albumin had increased odds ratio but wasn't statistically
significant.

DILI is a possible adverse outcome of the consumption
of ATT. DILI is one of the leading causes of treatment

Table 1. Chi-square test and conditional multivariate logistic regression analysis to determine factors associated with DILI

Items DILI, No. (%) non-DILI, No. (%) p-value OR (95% CI)
Sex 0.827 1.137 (0.702-2.088)
Male 9(10.6) 76 (89.4)
Female 509.4) 48 (90.6)
Type 0.034 0.15 (0.35-0.64)
PTB 4(6) 63 (94)
EPTB 10 (14.1) 61 (85.9)
BMI 0.025
<18.5 9(20) 36 (80)
18.5-22.9 2(3.8) 50 (96.2)
>23 3(7.3) 38(92.7)
Albumin 0.207 2.024 (0.38-6.22)
<35 7 (14.6) 41 (85.4)
>335 7(7.8) 83 (92.2)
HIV 2 (20) 8 (80) 0.284 0.414
HBV 0(0) 2 (100) 0.632 1.016
HCV 0(0) 2 (100) 0.632 1.016
CLD 0(0) 5(25) 0.491 1.051
Baseline ALT 56+95.9 27.7+283 0.056 0.99 (0.98-1.0)

*DILI, drug-induced liver injury; OR, odds ratio; CI, confidence interval; BMI, body mass index; HIV, human immunodeficiency virus; HBV,
hepatitis B virus; HCV, hepatitis C virus; CLD, chronic liver disease; ALT, alanine transferase.
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Table 2. Comparison of DILI and attributed risk factors among various studies

No. of patients

Duration of

Incidence Median time

Studies Location of study Risk factors attributed

enrolled (N)  study (years) of DILI (%) of onset (days)
Current study Manipal, India 134 2 14 (10) Low BMI, EPTB, high baseline ALT 10
Saha et al. Vellore, India 252 5 26 (9.5) Nil
(2008-2012) (8)
Latief et al. Jammu & Kashmir, 200 3 16 (8.4) Female gender, EPTB <14
(2012-2015) (7)  India
Naidoo et al. South Africa 94 3 Age >35 years, Low Albumin 31
(2009-2012) (11)
Abbara et al. England 1,529 4 105 (6.9) Low BMI, HIV-TB coinfection,
(2010-2014) (9) Alcohol, High baseline ALP 12.5
Tweed et al. London 1,927 58 (3) Older age, Asian ethnicity
(2018) (10)

*DILI, drug-induced liver injury; BMI, body mass index; HIV, human immunodeficiency virus; ALT, alanine transferase; ALP, alkaline

phosphatase; TB, tuberculosis; EPTB, extrapulmonary tuberculosis.

interruption in patients on ATT. The risk factors of DILI
in previously published studies have been compiled in
Table 2. According to Saukkonen et al., the incidence of
DILI attributable to ATT is 5-33% (6). A total of 10% of
the patients developed DILI in our study. Similar results
were observed in studies conducted in India by Latief
et al. (2012-2015), and Saha ef al. (2008-2012) wherein
the incidence rates for DILI were found to be 8.4% and
9.5% respectively (7,8). The median time of onset of
DILI was found to be within ten days of starting the
treatment with ATT. This correlates well with similar
studies done by Abbara et al. wherein it was found
to begin within 12.5 days of treatment initiation (9).
Other studies from India have also reported DILI onset
to be common in the first two weeks of starting ATT
(7,8). Therefore, patients with risk factor, who are
started on ATT, should be followed for the first two
weeks of treatment with LFTs. This will help in early
identification of DILI.

Three of the five first-line ATT drugs have
been known to cause hepatotoxicity, i.e. isoniazid,
pyrazinamide, and rifampicin. Pyrazinamide has been
documented as being the most hepatotoxic, according
to Saukkonen et al. (6). The drug that most commonly
attributed to the development of DILI in our study was
also pyrazinamide (in 8 of the 14 patients).

Malnutrition plays a two-fold role in increasing
the morbidity and mortality rates of people suffering
from TB. Nutritional depletion has a major impact
on immune function, and loss of CMI is not an
advantageous factor in an individual fighting an
invasive mycobacterial infection. Primary malnutrition
is known to not only increase the frequency of
occurrence but also to exacerbate clinical manifestations
of TB. In addition to ATT, these patients require an
adequate supply of nutrition during the treatment/
recovery phase. In our study, patients with low BMI

were significantly at a higher risk of developing DILI.
Malnutrition increases the risk of developing DILI due
to altered drug metabolism pathways (9).

Increasing age has been reported as a risk factor
of DILI in several studies. This is because of the age-
related decline in liver function. A study was done
by Naidoo et al., found a higher incidence of DILI in
patients above the age of 35 years (/0). Similar results
were observed by Tweed et al., who found that DILI
was more common in the elderly. In our study, the age
difference between the two groups was statistically
insignificant (p-value 0.261). No association with
gender and DILI was found in our study, though certain
studies done in North India have found an association
with female gender and DILI (7). Interestingly, the
same study found an association with EPTB and
DILI, as was the case in our study. This may be due to
subclinical involvement of the liver as a part of EPTB.
However, the exact reason for the same remains unclear.
Though HIV-TB coinfection and association with DILI
have been reported previously, this association was
not found in our current study. Similar results have
also been observed in a study done by Tweed et al. in
England (/7). In that study, an increased number of
HIV-TB coinfection patients showed elevated liver
enzymes, but that result was not statistically significant
(7). A study was done in South India, which also failed
to find such an association (7). Sharma et al. reported
low serum albumin as an independent risk factor for the
development of DILI (/2). Low serum albumin level
as a risk factor for DILI was reported in studies done in
South Africa as well (/0). However, in our study and
other studies done in India, low albumin level was not
found to be a risk factor for the development of DILI
(7,8).

In conclusion, malnutrition, presence of EPTB and
pre-existing increased liver enzymes are an important
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risk factor for TB-DILI. Further studies are needed to
evaluate whether nutritional interventions, along with
ATT, will help in mitigating this risk.
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