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Abstract Objective To assess the costs incurred by the

public health services and patients as a result of tubercu-

losis (TB) treatment. Setting The study was conducted in a

government hospital located in the northern region of

Malaysia. Method Retrospective data were collected from

medical records and the patients were observed until the

completion of their medication. A pharmacoeconomic

evaluation was applied to calculate direct and indirect

costs. Main Outcome Measure Direct and indirect costs of

tuberculosis treatment in a government health institution.

Results Two hundred and one tuberculosis patients were

included in the study. Different regimens with various

durations of treatments were used. The direct medical and

non-medical costs as well as indirect costs were calculated

and were found to be as follows: US$61.44 for anti-

tuberculosis drugs and supplies, US$28.63 for X-ray

examinations, US$28.53 for laboratory tests, US$20.03

for healthcare staff time, US$4.28 for hospitalisation,

US$43.20 for overhead costs, US$608.11 for transportation

and meals and US$118.78 for time away from work. The

cost to the patients constitutes approximately 80% of the

total cost of the treatment. Conclusion The cost of treating

the illness of tuberculosis per patient was US$916.4. The

cost of anti-tuberculosis drugs constituted the highest

proportion of the cost to the public health services (31.7%)

while the cost to the patient constituted the major propor-

tion of the total cost of the illness (79.4%).
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Introduction

In spite of the availability of effective anti-tuberculosis

drugs, tuberculosis (TB) is considered as the first single

infectious killer disease in the world. Approximately one

third of the world’s population is infected with Mycobac-

terium Tuberculosis, with approximately 9 million new

cases and 3 million deaths per year [1–4]. Approximately

75–80% of tuberculosis cases are in the economically

productive age group, especially in developing countries,

where 95% of new cases and deaths occur [5].

The economic impact of tuberculosis comes from the

large direct and indirect costs incurred by the patients,

suffered as a result of loss of income following the inability

to work (average of 20–30% of annual household income)

and premature deaths (fifteen years of lost income) [6].

Studies conducted in some developing countries found

that the average cost for the treatment of susceptible tuber-

culosis was in the range of US$276–1,546; for multi-drug

resistant tuberculosis, this was US$1,000–10,000 [6, 7].

The Malaysian National Tuberculosis Control Pro-

gramme (NTB) was launched in 1961. At that time,

tuberculosis was the number one cause of morbidity and

mortality. As in other developing countries, and in spite of

the implementation of the World Health Organization

(WHO) and Malaysia Tuberculosis Control Programme

guidelines and recommendations (that resulted in the
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treatment of tuberculosis patients through directly observed

therapy which was the most cost-effective means of com-

batting non-adherence to the intermittent (less than daily)

regimens of therapy [8]), the number of tuberculosis

patients was steadily rising annually at the incidence rate of

62.3 per 100,000 individuals in the year 2001 [9].

The implementation of NTB activities in Penang, a state

in the northern region of Malaysia, was achieved through

the State TB Managerial Team of the state. This part of the

country also witnessed an annual increase of tuberculosis

cases with the incidence rate of 61.7 in the year 2001 [10].

This study was conducted to determine the economic

burden of tuberculosis treatment in Penang both for the

patient and the payer i.e., the government, and to provide to

the policy-makers and health planners the information on

the cost to treat these cases. This information would give

justification for the continuous financial allocation for

tuberculosis treatment and its management and more

importantly, for health promotion and preventive measures.

This study would also provide preliminary findings for

future cost-effectiveness studies to identify effective new

interventions in the service delivery with lower costs.

Methods

Study design

Retrospective and prospective prevalence-based partial

pharmacoeconomic evaluations were used in this study. In

this study, the authors have considered only the cost factors

and not the outcomes of therapy. All costs were calculated

according to the societal perspective (i.e., most of the rel-

evant and important costs and consequences that individual

members of the society could experience related to tuber-

culosis were included). Prior to the data collection process,

permission to conduct this study was obtained directly

from the director of the hospital and the relevant heads of

departments. Verbal consent was obtained from each

patient. Patient confidentiality has been strictly maintained

throughout the study period.

All types of direct costs were obtained from different

hospital departments while the indirect costs to the patient

were estimated by interviewing 30 patients who were

randomly selected. The total costs studied included direct

medical costs covering the assessed cost of hospitalisation,

medications, diagnostic laboratory tests, X-ray films and

reagents and the cost of time incurred by health personnel.

For example, the total cost of the laboratory tests used for

tuberculosis patients throughout the treatment period was

obtained by multiplying the total number of each type of

laboratory test with the cost per test. The personnel cost

was estimated by using the cost per minute according to the

government monthly salary. The health personnel in this

study included all staff from different departments dealing

with tuberculosis patients at the diagnosis stage, during the

treatment process or during the hospitalisation period. The

cost of working time spent by health personnel was esti-

mated for X-ray staff, laboratory staff, pharmacy staff,

Chest Clinic staff, staff involved in DOT and ward staff.

All costs of anti-tuberculosis drugs were calculated

according to the standard government drugs price list.

Direct non-medical costs included the cost of transporta-

tion to the clinic and back home, meals and telephone,

electricity and water bills. The standard government trans-

portation rate produced by the Ministry of Finance was used

in the calculation of the total cost of transportation by mul-

tiplying the distance from home to the clinic (both ways) for

each patient with the cost per kilometre (approximately

US$0.13 per kilometre). The total cost of food throughout

the period of treatment was estimated by multiplying the

total number of visits with the average cost per meal (i.e.,

US$0.79). The costs of building, vehicles and equipment

were excluded in this study because the information could

not be obtained and the reliability of the sources of infor-

mation was questionable. Overhead costs or utilities included

in the study were electricity consumed in the clinic and the

water and telephone bills incurred throughout the period of

the study. These costs were obtained from the management

office and they were estimated according to the actual bills

incurred in the hospital for the specified period of time.

Indirect costs included the cost of time away from work or

lost of productivity. For the estimation of the cost of time

away from work, a simple survey was conducted on 30

patients chosen randomly from the list of TB patients to

determine the time during which the patient was not able to

work due to the illness and to obtain the patient’s monthly

income when he or she was healthy and working (i.e. time

(day) away from work 9 daily wage/patient = out-of-work

cost).

All costs were calculated in Malaysian currency (RM)

and converted to American dollars according to the 2003

exchange rate of US$1.00 = RM 3.80.

Study location, time frame and population

Penang is one of the fourteen states in Malaysia. It is an

island, which is separated from the west coast of Peninsular

Malaysia by the Straits of Malacca. The island measures a

modest two hundred eighty five square kilometres and is

inhabited by 1,337,400 people. Penang was selected for

this study for its high prevalence of tuberculosis cases

compared with other states [10].

The community varies from poor to rich and there are

different ethnic groups––Malays, Indians with the majority
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group being Chinese. The Chest Clinic at the Penang

Hospital was the location selected for this study because of

the large tuberculosis case loads, the availability of

essential data, a good recording and reporting system and

the presence of a consultant.

The study population consisted of all tuberculosis

patients, on directly observed treatment (DOT), who star-

ted a new course of treatment at the clinic from May 2002

to February 2003 and these cases were followed through

until the completion of treatment in August 2003. Patients

were excluded from the study if they were transferred from

the hospital to complete their treatment at other health

facilities, if they were without treatment during the

observation period or if they died before the completion of

treatment. All patients studied were required to go to the

hospital during working hours to take their medication

under the direct observation of the Chest Clinic nurses.

Pulmonary and extra-pulmonary patients were attended

upon daily for the first two months and then twice weekly

for the remainder of the duration of treatment.

The drug regimen was prescribed according to the type

of tuberculosis disease. In the case of susceptible tuber-

culosis, patients were mainly taking three or four drugs in

the initial two-month phase and two or three drugs in the

subsequent four-month phase. Essential anti-tuberculosis

drugs were rifampicin, isoniazid, pyrazinamide, ethambu-

tol and streptomycin. Pyridoxine was given to prevent side-

effects of isoniazid drugs. If the patients suffered relapses,

interrupted their treatment or did not respond to the regi-

men given for susceptible tuberculosis, a retreatment

regimen consisting of rifampicin, isoniazid, pyrazinamide,

ethambutol and streptomycin was used for the initial two

months while in the subsequent phase, streptomycin was

added for one month, and rifampicin, isoniazid and eth-

ambutol for another 5 months.

Data analysis

The statistical package for the social sciences (SPSS) for

the Windows version (11.0) and Microsoft Excel were used

for data analysis. All findings were reported descriptively

using percentages; the currency used was in US dollars.

Results

Demographic and clinical analysis

All patients selected were managed to be interviewed and

followed up. One hundred and forty-nine (74.2%) of the

tuberculosis cases were male patients and 52 cases (25.8%)

were females. Most of the patients were within the 15–54

age group (66.2%), which is considered the most eco-

nomically productive. Sixty-eight patients (33.8%) were

more than 54-years-old. There were 112 Chinese patients

(55.7%), followed by 68 Malay patients (33.8%), 19 Indian

patients (9.5%) and two Indonesian patients (1.0%). One

hundred and seventy-seven patients (88.0%) had completed

primary and secondary schools, seven patients (3.6%) had

university education while 17 patients (8.4%) possessed no

formal education. One hundred and six patients (52.8%)

were not working, 71 patients (35.3%) had a monthly

income of less than US$263.15 and only 24 patients

(11.9%) enjoyed a monthly income of more than

US$263.15. One hundred and sixty-seven patients (83.1%)

had pulmonary tuberculosis, 22 patients (10.9%) had extra-

pulmonary tuberculosis, six patients (3.0%) had tubercu-

losis in combination with HIV, three patients (1.5%) had

drug resistant tuberculosis and three others (1.5%) had both

pulmonary and extra-pulmonary tuberculosis. Other infor-

mation on the drug regimen and duration of treatment is

shown in Table 1.

Cost analysis

Costs to the public health services (direct medical

and

non-medical costs)

Table 2 shows the total costs incurred by the public health

services. The study found that the average number of X-ray

films used per patient was between five and six films. The

cost per film was US$4.87 (including reagents). Therefore,

the total cost of X-ray examinations (including supplies

and reagents) was US$5,754.47 with an average cost

incurred per cured patient being US$28.62.

Table 1 Drug regimes and duration of treatments

Item %

Drug regimens

2SHRZ/4SHR 122 (60.4)

2HRZE/4HR 41 (20.3)

2HRZ/4HR 21 (10.4)

Others 18 (8.9)

Duration of treatments

6 months 146 (72.3)

9 months 34 (16.8)

12 months 19 (9.4)

[12 months 3 (1.5)

Note:

S = Streptomycin, H = Isoniazid, R = Rifampicin, Z = Pyrazina-

mide, and E = Ethambutol

2 = 2 months and 4 = 4 months
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Laboratory tests represented the initial step in the

diagnosis, management and monitoring of tuberculosis

patients till the patients were cured. In the clinic, tuber-

culosis patients were ranked as group ‘‘C’’ patients. This

meant that they were charged at the lowest price for all

laboratory tests used. The results showed that the total cost

for all tests was US$5,734.47.

The total cost of anti-tuberculosis drugs and supplies

used based on the government drugs price list

was US$12,350.75 and the cost per patient was US$61.44.

The total cost of time spent by the health staff was

US$4,026.46. The cost of hospitalisation per day, including

food, was US$0.79 and therefore, the total cost incurred by

each patient was US$860.52.

Overhead costs or utilities cost estimated was US$8,

684.21 and the cost per patient was US$43.20.

Cost to patients

Cost of transportation (direct non-medical cost). Table 3

shows the costs borne by the patients for transportation,

food and time lost due to illness. The transportation cost

per patient was US$516.87, which constituted 71.1% of the

total costs incurred by the patient.

Cost of meals (direct non-medical cost). As mentioned,

all patients underwent their treatment through the directly

observed short-course therapy. Therefore, patients would

make frequent visits to the clinic––either daily or twice

weekly––to have their tuberculosis treatment. During these

visits, it was estimated that a patient needed to have one

meal per visit, the estimated average cost per meal being

US$0.79. The total cost of food throughout the period of

treatment was US$18,340.26, by multiplying 23,231 visits

with US$0.79 (i.e., the average cost per meal). The cost to

the family member accompanying the patient was not

calculated because the data were collected retrospectively

and this information was not found in the records.

Cost of time away from work (indirect cost). The aver-

age time away from work was 14.15 days (ranging from 0

to 84 days) and the average of money lost per patient was

US$118.78.

Cost of treatment per patient cured

Table 4 shows that the money paid by patients constituted

approximately 80.0% of the total costs of the tuberculosis

treatment compared to 20% covered by the government

health services.

Discussion

The study found that 88.1% of the patients had only

attained a low level of education. In terms of age distri-

bution, the study found that 65.8% of the patients were

within the age range of 15–54 years. As frequently repor-

ted in studies, e.g., those conducted by Lyawoo (2004) [9]

and Zwarenstein et al (1998) [11] , this would be consid-

ered the most economically productive period of a person’s

life. The economic impact of tuberculosis comes from

the largest direct and indirect cost to the patient due to lost

of income by disability to work and premature death.

Tuberculosis is the first killer that kills nearly two million

people yearly at their most economically productive

age. According to WHO, 20–30% of an annual household

income (3–4 months) is lost due to the illness and about

15 years of income is lost due premature deaths [6].

It was determined that pulmonary tuberculosis was

suffered by more than 82.0% of patients, while extra-

pulmonary tuberculosis constituted 10.8%. Therefore, there

was a higher proportion of pulmonary tuberculosis patients.

This result is consistent with the national data reported by

Lyawoo [9]. Pulmonary TB commonly accompanies with

Table 2 Costs (in USD) to the government health services on

tuberculosis treatments

Item Total costs Cost per patient %

1. X-ray examinations 5,754.47 28.63 15.1

2. Laboratory tests 5,734.47 28.53 15.0

3. Drugs and supplies 12,350.75 61.44 32.4

4. Health staff time 4,026.46 20.03 10.6

5. Hospitalisation 860.52 4.28 2.3

6. Stationery 680.94 3.39 1.8

7. Overhead costs 8,684.21 43.20 22.8

Total costs 38,091.82 189.50 100.0

Table 3 Costs (in USD) of meals, transportation and time away from

work

Item Total costs Cost per patient %

1. Meals 18,340.26 91.25 12.5

2. Transportation 103,891.35 516.87 71.1

3. Time away from work 23,875.63 118.78 16.4

Total costs 146,107.24 726.90 100.0

Table 4 Estimated cosst (in USD) of tuberculosis per patient cured

Item Cost per

patient

%

1. Cost covered by government health services 189.50 20.6

2. Cost paid by patient 726.90 79.4

Total costs 916.40 100.0
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extra-pulmonary tuberculosis [2, 13]. It is estimated that

one person with active tuberculosis left untreated will

infect 10–15 people in the community annually. This is

avoidable and if proper preventive measure is

implemented.

Since HIV infection was considered the strongest risk

factor for the development of active tuberculosis disease

[12, 13], the Malaysian Tuberculosis Control Programme

had recommended that the HIV test should be carried out

for all patients. TB has continued to thrive in low-income

countries to the extent where TB was identified as the

infectious disease causing the largest burden of ill health to

adult populations worldwide. In these nations, the advent

of HIV has made this situation even worse. The study

found that the test had actually been conducted for the

majority of the patients. In addition, the study also found

that other laboratory tests were used to monitor drugs side-

effects, such as to the liver, and therefore, the liver function

test had to be carried out. These additional tests would

definitely contribute to the higher costs of managing the

patients. But however, these proactive initiatives would

definitely contribute to cost saving from unnecessary con-

sequences due to HIV including its related ill-effects and

side-effects of drugs. In addition, patient with HIV positive

has different treatment regimen as compared to patient

without HIV positive. Treatment for TB will be effective if

this condition is known.

The study found that a large proportion of direct medical

costs from the total costs of illness was associated with

anti-tuberculosis drugs (32.4%) at the cost per patient

equivalent to US$61.44, which was similar to the finding

by Islam (2002) who compared the drug costs with overall

total expenditure (37.8%) [14]. On the other hand, as

reported in the Sanderson (1995) findings [15], the study

also found that there was an additional cost associated with

streptomycin (which is the only drug used through injec-

tion). This drug required additional supplies (i.e., water for

injection and syringes) and therefore, it contributed an

additional cost in the management of the patients.

Since an active monitoring programme had been

implemented for tuberculosis patients at the clinic, a higher

cost was associated with laboratory examinations per

patient. The study found that the cost of laboratory tests per

treated patient was US$28.50 which constituted 3.1% and

15.2% of the total costs and costs of government health

services, respectively.

Hospitalisation was recommended only in the initial

intensive phase of treatment for patients with advanced

tuberculosis, patients with other complications such as

HIV, patients with drug resistant tuberculosis or those who

may not have adhered to the prescribed treatment. The

costs of treating patients with TB remains high, especially

when patients require hospitalisation. Furthermore, extra

costs are incurred if multi-drug resistant strains develop as

a result of patient non-compliance with treatment. These

costs result from lengthy hospitalisation, expensive second-

line drugs and sometimes surgery. Therefore, the cost for

hospitalisation per patient in this study (i.e., US$4.30) was

considered low. Sanderson (1995) reported that the cost of

hospitalisation per patient had been US$23.13.

The implementation of treatment for tuberculosis

patients was achieved through the direct observation

strategy. For that, the cost associated with transportation to

and from the clinic constituted a high portion of the costs to

the patient and to the total costs of treatment, 71.0% and

56.5%, respectively. The estimated cost of meals for

patients during the treatment period was calculated as

12.5% of patient costs and 9.9% of the total cost of treat-

ment. This cost had not been mentioned or calculated in

other studies.

The cost associated with the loss of productivity (i.e.,

US$118.78) constituted 16.3% of the costs incurred by the

patient and 12.9% of the total costs. Different explanations

can possibly be made for this low cost estimate. Active

health education and periodical seminars might encourage

people to seek for immediate treatment by attending to

health centres which offer tuberculosis services instead of

taking a long time treating themselves via religious prac-

titioners, herbal medicine and divining [16] all of which

might cause unnecessary health consequences to the

patients and increase the economic burden of the society.

Similar to the findings of the previous study [17], the

costs to the patients constituted approximately 80% of the

total costs of the treatment. The costs to the patients could

have been reduced through early diagnosis and detection to

avoid loss of time away from work due to illness and by

applying an alternative treatment design to reduce the cost

of transportation which was incurred by patients e.g., the

patient took their drugs weekly or fortnightly from the

nearest health unit in the initial phase and monthly in the

subsequent phase.

In addition, tuberculosis causes social and psychological

problems such as person with this disease may be rejected

from the society or may not accepted for marriage. Due

loss of income, households may make strategies to reduce

total family expenses such as by removing their children

from school, decreasing of food intake by the family, sell

assets and borrow money for their daily living. Fortunately,

these situations in Malaysia are reduced because all

patients with TB are given free drugs and treatments by the

government.

This study is the first of its kind in Malaysia and has

definitely contributed significant information to the policy

makers, healthcare managers and practitioners; this is in

spite of the fact that some of the relevant information on

costs could not be obtained when it was conducted. The
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study would have been more meaningful if the sample size

had been larger. The authors hope that more studies related

to tuberculosis will be conducted in the future, taking into

consideration the few limitations made evident in this

study. The inclusion of other types of costs e.g., mortality

costs and the effect on the society, could make such studies

even more informative.

Recommendations

Since the costs to the patients were high compared to the

costs to the public health services, it is recommended that

further research be conducted to create an alternative

treatment design to reduce these costs. Further prospective

studies in cost-effectiveness are required to determine actual

clinical outcomes and the most cost-effective drug regimens

used for tuberculosis treatment. There are additional costs

associated with streptomycin compared with ethambutol.

Ethambutol is the companion drug to prevent drug resis-

tance. Centers for Disease Control and Prevention (2003)

preferred that ethambutol to be used as first-line treatment

and streptomycin as second-line [18]. Furthermore, strep-

tomycin has limited penetration into membranes. Therefore,

it is recommended that the extended use of ethambutol

should be reviewed and supported, if possible, to reduce the

costs of treatment.

Conclusion

The pharmacoeconomic analysis showed that the estimated

average cost of the tuberculosis treatment per patient is

US$916.40. The cost of anti-tuberculosis drugs constitutes

the highest portion of the costs incurred by the government

health services. The cost of transportation to and from the

Chest Clinic constituted the major portion of the costs to

the patient. The cost of tuberculosis treatment increases

with the increase in the duration of the regimen (the longer

the duration, the higher the cost of treatment).
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