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ABSTRACT: The aim of this study was to determine the current incidence of side-
effects severe enough to cause intolerance of standard antituberculosis therapy
with isoniazid, rifampin and pyrazinamide in patients hospitalized as a result of
pulmonary tuberculosis.

Five hundred and nineteen patients with proven pulmonary tuberculosis, who
initially received standard antituberculosis therapy, were retrospectively studied
in the department of infectious diseases in a teaching chest hospital. The incidence
of severe side-effects related to the therapy, which led to the definitive termina-
tion of one of the three standard drugs, was measured and the risk factors for
intolerance were analysed.

Final termination of either isoniazid, rifampin or pyrazinamide because of severe
side-effects was necessary in 121 of the 519 patients (23%). The most severe side-
effects leading to final termination of one drug were hepatotoxicity (11%), exan-
thema (6%), and arthralgia (2%). Pyrazinamide showed more severe side-effects
(15%) than isoniazid (7%) and rifampin (1.5%). Significant risk factors for intol-
erance of the standard therapy following a multivariate analysis were a history of
hepatitis (odds ratio (OR) 3.4; 95% confidence interval (95% CI) 1.6–7.6; p=0.0026)
and an age ≥60 yrs (OR 1.9; 95% CI 1.2–3.2; p=0.017). Both of these risk factors
were also significantly associated with the intolerance of pyrazinamide (history of
hepatitis: OR 2.5; 95% CI 1.4–4.3; p=0.0045; age ≥60 yrs: OR 2.1, 95% CI 1.3–3.5;
p=0.0029) but not of isoniazid and rifampin.

The side-effects of standard antituberculosis therapy are frequent in hospital-
ized patients aged ≥60 yrs or with a history of previous hepatitis, and are proba-
bly due to pyrazinamide rather than to isoniazid or rifampin.
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The most effective antituberculosis (anti-TB) therapy
is a combination of isoniazid, rifampin and pyrazinamide
for 8 weeks, followed by isoniazid and rifampin for a
further 4–7 months (standard therapy) [1]. Despite the
development of this powerful regimen, the treatment of
tuberculosis continues to be a problem in patients who
do not tolerate these drugs [2–4]. Surprisingly, although
there is a large body of evidence for additive toxicity
of the three standard drugs in humans, the incidence of
severe adverse effects related to the three major drugs
was shown to be low by meta-analysis and in most con-
trolled studies published so far [5–11]. However, if seri-
ous side-effects do occur and treatment with one of the
three drugs must be finally terminated, the patient no
longer receives the best treatment available and might
be at a higher risk of treatment failure and relapse [1, 12].

Since we had observed a discrepancy between the tol-
erance of standard therapy as determined in clinical tri-
als and the tolerance in our multimorbid patients, who
might be representative of a substantial proportion of
tuberculosis patients in industrialized countries, we

analysed the current incidence of side-effects severe
enough to cause intolerance of standard therapy and
investigated the risk factors for the occurrence of intol-
erance.

Material and methods

The files of 519 patients with microbiologically or
histologically proven pulmonary tuberculosis were retro-
spectively analysed. The patients had initially received
standard anti-TB therapy, including isoniazid (5 mg·kg-1

daily), rifampin (10 mg·kg-1 daily) and pyrazinamide
(25–30 mg·kg-1 daily) in our hospital between 1990 and
1994. The median total observation period was 59 days
(95% confidence interval (95% CI) 16–133 days) (fig.
1). In addition to the patients' data and all treatment
data, the files for the following information on risk fac-
tors for intolerance were analysed: alcohol abuse (>40
g·day-1); i.v. drug abuse; history of hepatitis; hepatic
damage at admission (liver enzymes at admission ≥2
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times normal values); history of diabetes mellitus; human
immunodeficiency virus (HIV) infection; and concomi-
tant therapy with other hepatotoxic drugs (table 1).

In general, all patients from countries with a known
high incidence of resistant M. tuberculosis strains, all
patients who had been treated previously, and all patients
with life-threatening tuberculosis received as initial anti-
tuberculosis therapy a combination of isoniazid, rifampin
and pyrazinamide, together with at least one additional
drug (ethambutol and/or streptomycin). All other patients
received only the standard therapy (isoniazid, rifampin
and pyrazinamide). All drugs were given as individual
drugs.

For this study, only side-effects severe enough to lead
to a discontinuation or final termination of one of the

drugs included in the standard therapy were recorded.
Clinical monitoring was performed by daily visits and
laboratory monitoring by weekly investigations. All side-
effects were observed during the hospital stay of the
patients.

Hepatotoxicity was accepted as a cause for temporary
discontinuation of therapy if previously normal values
of liver enzymes increased to more than three times the
upper normal limit during therapy (γ-glutamyl transpep-
tidase (γ-GT): >69 U·L-1; serum glutamic oxalo-acetic
transminase (SGOT) >54 U·L-1; serum glutamic pyru-
vic transminase (SGPT) >60 U·L-1). As a reason for
definitive discontinuation of therapy, hepatotoxicity was
assumed if re-exposure to the drug induced a new rapid
increase of liver enzymes to more than three times the
upper normal limit or if the transaminase index (TI=max-
imum value/value before therapy) increased to ≥5 fol-
lowing first exposure to the drugs.

In the case of exanthema, only generalized cutaneous
lesions resulted in a discontinuation of the suspected
drug and re-exposure to the suspected drug was tried in
most cases before final cessation of treatment. Arthral-
gia was accepted as a cause for stopping administration
of a drug only when the patient was severely handi-
capped. All other types of side-effects leading to drug
termination had been classified as severe by experienced
chest physicians.

When severe side-effects occurred, the drug respon-
sible was identified in one of two ways: either by ter-
minating the suspected drug alone; or by discontinuing
all three drugs, followed by a step-by-step reintroduc-
tion of at least two of the three substances.

Data analysis

Values are expressed as medians with 95% CI unless
otherwise indicated. In the univariate analysis, catego-
rial data were compared with 2×2 contingency tables
and Fisher's exact test using two-tailed p-values [13].
Odds ratios (OR) with 95% CI were calculated using an
approximation of Woolf. All factors showing an asso-
ciation with intolerance by univariate analysis (p<0.15)
entered a multivariate analysis. For the multivariate

Table 1.  –  Patients data

Total number of patients 519
Gender  F/M 180/339
Age  yrs# 44 (0.5–89)

Origin
Germany 327 (63)
Mediterranean countries 114 (22)
Asian countries 30 (6)
Eastern Europe 28 (5)
African countries 14 (3)
South America 6 (1)

Diagnosis of tuberculosis
Smear and culture positive 272 (52)
Only culture positive 193 (37)
Histology 54 (10)

Risk factors
Age ≥60 yrs 102 (20)
Alcohol abuse 99 (19)
Hepatic damage at admission 90 (17)
Previous anti-TB therapy 58 (11)
History of hepatitis 32 (6)
Diabetes mellitus 30 (6)
Concomitant hepatotoxic drugs 24 (5)
Positive HIV test 9* (4)
i.v. drug abuse 4 (1)

#:  mean, and range in parenthesis;  *:  9 out of 200 patients
in whom HIV tests had been performed.  Values for origin,
diagnosis and risk factors are presented as absolute number,
and percentage in parenthesis.  HIV:  human immunodefi-
ciency virus;  anti-TB:  antituberculosis.

Fig. 1.  –  a) Age distribution of 519 patients and b) duration of hospitalization.  Box plots:  median, 25th and 75th quartiles (whisker 97.5th
and 2.5th quartiles).
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analysis, logistic regression analysis was used in a nom-
inal logistic model. Following a Whole-Model test and a
Lack-of-Fit test the Wald Chi-squared values and the
Likelihood-Ratio Chi-squared values for effects were
calculated. A p-value of less than 0.05 was considered
significant. Statistical analysis was carried out by using
two commercial statistics programs (InStat 2.03, Graph-
Pad, San Diego, CA, USA and JMP 3.1, SAS Institute,
Cary, NC, USA).

Results

Discontinuation of at least one of the three standard
drugs because of side-effects was necessary in 134 of
the 519 patients (26%), who initially received the stan-
dard therapy alone (n=274) or in combination with other
drugs (n=245). Final termination of either isoniazid,
rifampin or pyrazinamide treatment because of severe
side-effects or recurrence of symptoms following re-
exposure was required in 121 of the 519 (23%). The
most severe side-effects leading to final termination of
treatment with one of the drugs were hepatotoxicity
(11%), exanthema (6%), and arthralgia (2%) (table 2). The
frequency of severe side-effects was highest for pyraz-
inamide (15%), followed by isoniazid (7%) and rifam-
pin (1.5%). No differences were seen between patients
who received standard therapy alone and patients who
received standard therapy in combination with other
drugs.

In patients with hepatotoxicity followed by the final
termination of one drug, mean maximum liver enzyme
levels were increased to 109 U·L-1 for γ-GT (median 81
U·L-1; 95% CI 72–146 U·L-1), 110 U·L-1 for SGOT
(median 85 U·L-1; 95% CI 71–148 U·L-1), and 175 U·L-1

for SGPT (median 124 U·L-1; 95% CI 118–232 U·L-1).
A TI ≥5 was seen in 37 out of 55 patients with hepa-
totoxicity (67%). The median TI in these 37 patients
was 14.5 (95% CI 10.2–33.9). The three drugs did not
differ in the median time interval between the start of
therapy and the detection of hepatotoxicity (isoniazid:
16.5 days, 95% CI 7–47 days; rifampin: 17.5 days, 95%
CI 14–33 days; pyrazinamide: 18.5 days, 95% CI 17–29
days). In contrast, exanthema due to isoniazid occurred
after 13.5 days of treatment (95% CI 2–41 days), where-
as exanthema due to pyrazinamide occurred after only
2 days (95% CI 1–11 days) (p=0.041). Arthralgia due
to pyrazinamide was seen after 25 days of treatment

(95% CI 18–36 days). Termination of pyrazinamide due
to severe hyperuricaemia was necessary in only three
patients.

The univariate analysis of all types of side-effects
associated with standard therapy in relation to the risk
factors of the patients (table 1) identified only a history
of hepatitis and an age ≥60 yrs as significant factors
predicting toxicity of the standard therapy (table 3).
Patients aged ≥60 yrs were also at higher risk for an
elevated TI (≥5) (OR 3.1; 95% CI 1.5–6.1; p=0.0024).
Following a multivariate analysis, including the five risk
factors with p<0.15 in univariate analysis (history of
hepatitis, age ≥60 yrs, female gender, diabetes mellitus,
and previous antituberculosis therapy), the two factors
"history of hepatitis" and "age ≥60 yrs" remained sig-
nificantly associated to intolerance of standard drug ther-
apy (table 4).

A multivariate analysis of risk factors for the termi-
nation of the standard therapy due to a single side-effect
also revealed a history of hepatitis (OR 5.4; 95% CI
1.9–15.1; p= 0.0022) and aged ≥60 yrs (OR 3.5; 95%
CI 1.3–10.1; p=0.016) as significant risk factors for
hepatotoxicity. Female gender was found to increase the
risk for exanthema (OR 3.1; 95% CI 1.3–7.6; p=0.010).
No risk factor could be identified for termination due to
arthralgia.

A more detailed multivariate analysis of the termina-
tion of a single drug due to all types of side-effects in
relation to the risk factors showed no significant risk
factors for the intolerance of isoniazid or rifampin, but
again showed a history of hepatitis (OR 2.5; 95% CI
1.4–4.3; p=0.0045) and age ≥60 yrs (OR 2.1; 95% CI
1.3–3.5; p=0.0029) as risk factors for the intolerance of
pyrazinamide.
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Table 2.  –  Number of side-effects due to isoniazid,
rifampin or pyrazinamide followed by final termination of
one of the drugs (n=519)

Side-effect Isoniazid Rifampin Pyrazinamide Total

Hepatotoxicity 19   (4) 8 (1.5) 28 (5) 55 (11)
Arthralgia 1 (0.2) 12 (2) 13   (2)
Exanthema 6 (1.2) 27 (5) 33   (6)
CNS toxicity* 8 (1.5) 8 (1.5)
Nausea 5 (0.9) 5 (0.9)
Others# 7 (1.4) 7 (1.4)
Total 34   (7) 8 (1.5) 79 (15) 121 (23)

Values are present as absolute number, and percentage in
parenthesis.  *:  including peripheral neuropathy (n=6) and
seizure (n=2);  #:  including leucopenia (n=1), fever (n=3) and
severe hyperuricaemia (n=3).  CNS:  central nervous system.

Table 3.  –  Univariate analysis of risk factors for severe
side-effects of standard antituberculosis therapy

Risk factor OR 95% CI    p-value

History of hepatitis 2.7 1.4–5.7 0.0085*
Age ≥60 yrs 2.0 1.3–4.4 0.0059*
Female gender 1.38 0.9–2.1 0.13*
HIV infection 1.96 0.5–7.5 0.45
Alcohol abuse 0.93 0.6–1.5 0.89
Hepatic damage at admission 1.33 0.8–2.2 0.27
Diabetes mellitus 1.99 0.9–4.3 0.11*
Concomitant hepatotoxic drugs 1.10 0.4–2.8 0.80
Previous antituberculosis therapy 1.56 0.9–2.8 0.14*
Foreign origin 1.01 0.7–1.5 1.00

*:  included in multivariate analysis.  HIV:  human immuno-
deficiency virus;  OR:  odds ratio;  95% CI: 95% confidence
interval.

Table 4.  –  Multivariate analysis* of risk factors for
severe side-effects of standard antituberculosis therapy

Risk factor OR 95% CI Likelihood p-value

History of hepatitis 3.4 1.6–7.6 8.0 0.0026
Age ≥60 yrs 1.9 1.2–3.2 5.6 0.017
Female gender 1.6 1.0–2.5 3.5 0.06
Diabetes mellitus 1.2 0.45–2.6 0.1 0.75
Previous TB therapy 1.3 0.3–2.1 0.3 0.56

*:  Whole-Model Test:  χ2=23.2;  p=0.0007;  Lack-of-Fit-
Test:  χ2=24.4;  p=0.380.  TB:  tuberculosis;  OR:  odds ratio;
95% CI:  95% confidence interval.
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Risk factors for the three main side-effects, hepato-
toxicity, exanthema and arthralgia, were also analysed
in relation to each of the three drugs. However, no sig-
nificant patient-related risk factors have been found for
the intolerance of a single drug due to a single side-
effect when analysed using the multivariate approach.

Discussion

Intolerance of anti-TB standard therapy, including iso-
niazid, rifampin and pyrazinamide, is a serious problem
in our hospital-treated patients with pulmonary tuber-
culosis. We are aware of the fact that the results obtained
in this study are clearly not representative of all tuber-
culosis patients, especially not for those treated as out-
patients. However, as co-morbidity and increased age
have already been shown to be risk factors for the in-
cidence of moderate hepatotoxicity [14, 15] in out-
patients, the present data might provide a realistic
assessment of the risk in patients with tuberculosis severe
enough to be treated in a hospital.

Hepatotoxicity was found to be the most frequent side-
effect in the present study. Not surprisingly, the most
important risk factors for hepatotoxicity in this study
were a history of previous hepatitis and age ≥60 yrs.
Although the risk of hepatotoxicity during anti-TB ther-
apy is well-known, the incidence of severe adverse effects
related to the three major drugs was shown to be low
in most previously published studies (range 0.6–3.0%)
[6–11]. However, most studies have reported only the
frequency of clinically apparent hepatitis but not that of
elevated liver enzymes or abnormal liver function tests,
and have not commented on patients at risk of hepato-
toxicity [16]. Therefore, it is difficult to assess the real
incidence of hepatotoxicity in selected patient groups
from the data published. It is possible that some risk
factors for hepatotoxicity [17], e.g. alcohol and i.v. drug
abuse, or concomitant intake, of other hepatotoxic drugs,
are less frequent in developing countries, where most
controlled studies have been performed, than in urban
populations at risk of tuberculosis in industrialized coun-
tries.

In contrast to a recent study of side-effects of anti-
TB therapy [18], which found no increased risk of side-
effects in elderly patients, we were able to show an age
≥60 yrs as a risk factor for intolerance. This difference
is probably due to the fact that we investigated the side-
effects of the standard therapy, including pyrazinamide
as a third hepatotoxic drug. A strong argument for this
point of view is the finding that intolerance of pyrazi-
namide was associated with the same risk factors (his-
tory of hepatitis and age ≥60 yrs) as intolerance of the
whole standard therapy. Moreover, increased age as a
risk factor for intolerance of anti-TB therapy has also
been demonstrated recently in patients from the UK,
where the frequency of side-effects leading to modifi-
cation of treatment was 2.3% in the 0–19 yrs age group
in contrast to 8.4% for those aged ≥60 yrs [14].

The incidence of side-effects other than hepatotoxic-
ity was low and is in accordance with the published fre-
quency [19]. For pyrazinamide only, a substantial part
of the severe side-effects was accounted for by exan-
thema and arthralgia. The importance of arthralgia is

debatable, since this type of side-effect occurred late
and might, therefore, not be critical for the overall effi-
cacy of therapy. Of more concern is the problem of
exanthema. Most patients developed exanthema directly
after the first dose of pyrazinamide. In such cases, an
attempt was made to reintroduce pyrazinamide at a
reduced dose, which was then increased to the normal
dose in the case of tolerance within the following days.
Using this approach, most patients with exanthema tol-
erated pyrazinamide. However, a substantial number of
patients also showed severe exanthema with the reduced
dose.

The problem of side-effects from anti-TB drugs in
hospital treated patients has two major aspects. One is
the patient's direct risk of developing severe life-threat-
ening complications. Such complications can easily be
reduced if patients at risk are monitored in an appro-
priate manner, including frequent laboratory testing. The
other side of the problem, which has not been addressed
in studies so far, is that side-effects may lead to with-
drawal of one of the basic drugs. Although the termi-
nation of a single drug can be compensated for by other
drugs, such as ethambutol or streptomycin, these alter-
natives do not provide the best treatment available, for
the following three reasons. Firstly, the total duration
of treatment is prolonged in such cases because any
treatment without isoniazid or pyrazinamide must be
continued for at least 9 months and treatment with-
out rifampin for at least 12 months [1]. Secondly, it is
well-known that adherence to therapy decreases with
increasing duration, making treatment failures more
probable. Finally, patients who do not receive a full course
of the standard therapy have a slightly higher risk of
relapse.

In addition to the consequences mentioned above, the
situation is even more complicated when side-effects fur-
ther limit treatment possibilities in patients with either
single- or multi-drug-resistant tuberculosis [20], in HIV-
infected individuals [21], or in patients with contra-
indications to other anti-TB drugs.

In our opinion, two conclusions can be drawn from
this study. Firstly, patients hospitalized for pulmonary
tuberculosis need closer monitoring for side-effects if
they show risk factors such as increased age or previ-
ous hepatic disease. Secondly, despite a safe and effec-
tive antituberculosis therapy for most tuberculosis patients,
there is still a need for new drugs with lower toxicity
for patients at risk of intolerance.
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