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Abstract

Background: Elderly patients with pulmonary tuberculosis are less likely to achieve treatment success than younger
patients, and patients aged >60 years have a substantial increase in mortality.

Objectives: To compare treatment outcomes over 2 periods during the transition of Thai national tuberculosis (TB)
reporting systems and determine treatment success rates and mortality for elderly patients in TB treatment-care settings
in Thailand.

Methods: Retrospective cohort study of all records of elderly patients extracted from 2 national TB databases in
Thailand: the TB Case Management (TBCM) database of the National TB Program (2014—2015) and the database of
the National Health Security Office (NHSO; 2010-2011).

Results: There were 8,301 elderly patients with TB in the TBCM cohort and 11,869 in the NHSO cohort. Overall
treatment success rates were 78.5% for patients in the TBCM cohort and 87.5% for patients in the NHSO cohort. High
success rates for treatment were found for those aged 60—-69 years: 91.1% in 2010-2011 and 85.0% in 2014-2015. High
mortality was reported for patients aged >90 years: 34.6% in 2010-2011 and 50.0% in 2014-2015.

Conclusions: Compared with the NHSO historical cohort, success rates for treatment were lower and death rates
were higher in the TBCM cohort. Because NHSO enforced intensive case monitoring and follow-up while TBCM has
no such mechanism, the estimates from the TBCM database may be less accurate for TB circumstances in Thailand.
Frequent routine home visits may ensure more complete treatment-care information and support, and increase the

treatment success rate in the elderly.
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Pulmonary tuberculosis (PTB) is emerging as a significant
health problem among the elderly in Thailand. The incidence
of PTB in Thailand was estimated at 137 per 100,000 popu-
lation in 2010 and 172 per 100,000 population in 2015 [1, 2].
According to a national report, the notification rate for a new
positive acid-fast bacilli sputum smears in the group patients
aged >65 years appeared to be the highest compared with that

of other age groups, increasing from 132.5 per 100,000 popu-
lation in 2008 to 134.6 per 100,000 population in 2009 [3].
In 2016, about 23.2% of all cases of PTB registered were in
patients aged >65 years [4].

PTB in the elderly is more likely to present with dyspnea,
nonspecific symptoms, and an atypical radiographic appea-
rance [5]. Problems for the elderly with TB include delays in
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diagnosis and treatment-related issues. Key problems have
included poor compliance with treatment, poor tolerance of
drug therapy, and the presence of underlying or associated
diseases [6, 7]. The main cause of failure of treatment for
PTB, at whatever age, is related to poor patient compliance,
and this problem is particularly accentuated in the elderly.
A study in Taiwan found that patients aged >60 years with
extensive radiographic disease presentation were associa-
ted with unfavorable outcomes [8]. A study in Hong Kong
found that factors independently associated with unfavorable
outcomes of patients with PTB included age >65 years with
moderate-to-extensive disease and positive acid-fast bacilli
sputum smears [9]. A study in Korea found that cases of PTB
in elderly patients showed higher frequencies of adverse drug
reactions: 40.7% in 2005 and 32% in 2009 [10]. Similarly, a
study in China suggested that the main reason for interrupted
treatment mentioned by patients was the presence of adverse
effects during treatment (46.5%); and such interruption of
treatment was found to be highly associated with noncure
outcome [11, 12].

In Thailand, the treatment success rates for patients with
TB for all age groups were 86.0% (2010), 85.0% (2011) [13],
82.3% (2014), and 80.9% (2015) [14]. Mortality rates for
all age groups of patients with TB were 7.0% (2010), 7.0%
(2011) [13], 7.7% (2014), and 8.0% (2015) [14]. According
to a report in 2015, PTB treatment success rates and mor-
tality of patients aged >60 years compared with those aged
<60 years differed; the treatment success rates were 74.3%
vs. 79.1% and mortality were 14.7% vs. 5.5%, respectively
[4]. These problems have raised concern by the Thai National
TB Program because of the high notification rate for elderly
patients with PTB and the apparent inability to increase treat-
ment success rate for PTB cases, particularly in the elderly.
The routine TB report from the Thai National TB program
categorizes elderly patients as those aged >60 or 65 years.
There has been no detailed empirical evidence about treat-
ment outcomes, focusing on success and mortality among
elderly.

Therefore, the objective of the present study was to inves-
tigate treatment success and mortality rates in various age and
sex subgroups of TB patients. Because of the changes in case
management and reporting mechanisms to the Thai National
TB program, this study collected data from 2 national data-
bases in Thailand. The Thai TB Case Management (TBCM)
database contains data that are collected by TB clinic units;
the clinics are required to compile information from indivi-
dual patients and enter it into the database program and submit
to 3 upper levels: the provincial health offices, the Office of
Disease Control and Prevention, and the Thai National TB
Program. The other data source was the Thai National Health
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Security Office (NHSO) database that contains data collected
at the hospital level, which is required to compile information
from individual patients for cost reimbursement. The other
primary objective of this study was to compare the differences
in identification of TB treatment outcomes among elderly in
the 2 databases over the 2 periods, TBCM (2014-2015) and
NHSO (2010-2011).

Methods

Study design

We conducted a retrospective cohort observational study, which
we report here according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement
(http://www. strobe-statement.org/).

Ethics approval

The deidentified data were collected from the TB databases
of the TBCM and NHSO. Access to the records was permit-
ted by an authorized person for each organization. The study
was reviewed and approved by the ethics committee of the
Faculty of Tropical Medicine, Mahidol University (certificate
No. MUTM 2013-026-01-04).

Study setting and data sources

This study utilized data from the 2 national TB electronic
case-based systems in Thailand, the TBCM and NHSO. We
extracted records from the 2 databases representing 2 cohorts;
the TBCM cohort comprised TB patients during 2014-2015.
Data in the TBCM are maintained by the Thai National TB
Program or Bureau of Tuberculosis (BTB), which is the orga-
nization responsible for disease control programs. The data
from the BTB are routinely analyzed and sent as feedback at
regional, provincial, and hospital levels. As a historical com-
parison group, the NHSO cohort included data from patients
with TB during 2010-2011. The NHSO is the organization
responsible for health insurance. Under the reimbursement
mechanism, hospitals are required to complete and submit TB
reports to the NHSO. In an attempt to create a single natio-
nal TB database system in Thailand, there has been a transi-
tion period for the TBCM and reporting systems at a national
level, and recently, the TBCM and NHSO databases were
reconciled.
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Participants

The present study focused on all new TB patients aged
>60 years with positive acid-fast bacilli sputum smears, who
were registered for first-line drugs for PTB treatment with
a 6- to 9-month course of chemotherapy. The study focused
on TB patients with new positive smears because they can
spread TB infection to other person, and thus, it is important
to increase treatment success among this group. The follow-up
period for each patient was 12 months. Data from the TBCM
from October 1, 2013, to September 30, 2015 (fiscal year
2014-2015), were extracted. During this period, the data came
from 32 hospitals in 2014 and 836 hospitals in 2015, covering
9,451 patients. The data from the NHSO from October 1, 2009,
to September 30, 2011 (fiscal year 2010-2011), were extrac-
ted from records from all 859 hospitals registered under the
Bureau of Policy and Strategy of the Thai Ministry of Public
Health, covering 16,335 patients.

Variables

The independent variables were the year of TB treatment regis-
tration (data sources), and age and sex subgroups of patients
with TB. The dependent variable was the treatment outcome
focusing on treatment success and mortality.

Data collection and management

Data obtained from the TBCM and NHSO were retrieved by
individuals authorized to access the 2 systems. The personal
information of each patient was deidentified, but outcomes
were still monitored throughout the follow-up visits during
the treatment period with the newly assigned study identifi-
cation number. In both databases, treatment outcomes were
extracted from the databases for each patient with PTB who
started their treatment in the previous 12 months. A follow-
up of treatment outcome at 12 months was conducted to
allow sufficient time to obtain complete data recorded in the
databases regarding treatment outcome. Once a person com-
pleted treatment, outcome was categorized in 1 of 5 catego-
ries (success, failure, died, loss to follow-up, and transferred
out) [15].

The treatment outcomes were classified according to
2009 WHO guidelines [16]. Successful treatment was defined
as the patients with cases of PTB who successfully completed
treatment, whether using bacteriological evidence of success

“cured”) or without (“treatment completed”) [17]. Failure
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was defined as a new patient whose culture or sputum smear
microscopy was positive for acid-fast bacilli at the end of the
Sth month or later during treatment. Death was defined as a
patient who died from any cause during the course of treat-
ment. Lost to follow-up was defined as a patient who did not
start treatment or whose treatment was interrupted for 2 con-
secutive months or more [15]. Transferred out was defined as
a patient who was transferred to a health facility in another
basic management unit and for whom treatment outcome was
unknown.

For the purpose of the present study, treatment outcomes
were focused on treatment success and death. Successful treat-
ment was defined as the sum of cured and completed treat-
ment [18]. Unsuccessful treatment was defined as unfavorable
outcome or the sum of treatment failure, deaths, loss to follow-
up, and transfer out to other services [18]. Death from any
cause during the course of treatment was extracted as origi-
nally coded in the databases.

Statistical analyses

Treatment outcomes (success and mortality) for elderly pati-
ents with PTB were analyzed by different age subgroups, sex,
and year of treatment registration. The patient age was divided
into 4 subgroups with the following ranges: 60-69, 70-79,
80-89, and >90 years. Treatment outcomes of the 4 age sub-
groups, sex, and year of treatment registration are presented
descriptively and compared using a binomial regression model
[19]. As this study was based on large cohorts following up
elderly patients with PTB from treatment initiation to treat-
ment outcome, the adjusted risk ratios (aRRs) and 95% confi-
dence interval (CI) estimated by the binomial regression were
calculated for the treatment outcomes of interest using all vari-
ables in the equation.

Bias

As the present study was conducted using secondary data
from the 2 Thai national data sources, the typical data
quality, particularly the completeness of the data, was the
major source of bias. Nevertheless, data from all registered
cases with complete and incomplete treatment outcomes
were extracted from the 2 databases by authorized personnel
and thus represented the evidence-based data at the national
reporting systems. There were different monitoring and eva-
luation processes of the 2 national offices (TBCM-BTB and
NHSO), which might, in turn, affect the data completeness
and quality.
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Results

Completeness of records of elderly patients with PTB in
the databases

Data within the TBCM during fiscal year 2014-2015 were
obtained from 9,451 elderly patients with PTB. Among them,
1,150 were excluded due to change in diagnosis, no sputum
result, or because no treatment outcomes were recorded. The
final complete records were for 8,301 patients are as shown in
Figure 1. From the NHSO database during fiscal year 2010—
2011, for 16,335 elderly patients with PTB, 16,321 records
had been correctly recorded for patients with age >60 years.
Of these patients, 15,833 had a new positive acid-fast bacilli
sputum smear and 11,869 had PTB treatment outcomes availa-
ble for review as shown in Figure 1.

Treatment outcomes among different age groups of
elderly patients with PTB

The records in the TBCM revealed that among 8,301 elderly
patients with PTB, the overall cases with treatment success
was 6,519 (78.5%), those with treatment failure was 81 (1.0%),
those with death was 1,325 (16.0%), those with loss to follow-
up was 153 (1.8%), and those with transferred out was 223
(2.7%). The treatment success rate was 85.0% for those aged
60—69 years, and the mortality was 50.0% for elderly aged
>90 years. Analysis of the historical data in the NHSO databa-
ses revealed that among a total of 11,869 elderly patients with
PTB, the treatment success was 10,388 (87.5%), treatment
failure was 183 (1.5%), death was 976 (8.2%), loss to follow-
up was 163 (1.4%), and transferred out was 159 (1.3%). The
treatment success rates for elderly patients with PTB in the
historical database was 91.1% for those aged 60—-69 years, and
the mortality was 34.6% for those aged >90 years as shown in
Figure 2.

Comparisons of treatment outcomes among different

groups of elderly with PTB

Treatment outcomes for elderly patients with PTB in the 2
databases were significantly different. The treatment success
rate in the 2014-2015 cohort (TBCM) was lower than that in
the 20102011 historical comparison cohort (NHSO), 78.5%
vs. 87.5%, respectively (Table 1). The treatment success
rate for patients in the TBCM cohort was about 9% percen-
tage points lower than that for those in the NHSO cohort
(aRR = 0.91, 95% CI 0.90-0.92). Mortality in the 2014-2015
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cohort (TBCM) was higher than that in the 2010-2011 histori-
cal comparison cohort (NHSO), 16.0% vs. 8.2%, respectively
(Table 2). The mortality of patients in the TBCM cohort was
about 2 times than that in the NHSO cohort (aRR = 2.01, 95%
CI 1.86-2.17).

Significant differences were found between treatment
success rates for PTB patients in the 4 age subgroups (P <
0.001). Compared with patients aged 60—69 years, those aged
70—79 years had a lower aRR or chance of treatment success
at 0.94 (95% CI 0.93-0.95), those aged 80-89 years had a
RR of 0.83 (95% CI 0.81-0.85), and those aged >90 years
had a RR of 0.61 (95% CI 0.55-0.68). Female patients had a
higher chance of treatment success with an aRR of 1.03 (95%
CI 1.02-1.04) compared with male patients (Table 1). Crude
and aRR models showed a similar trend. Significant differen-
ces in mortality between the 4 age-subgroups and sex were
found (P < 0.001). Compared with patients aged 60—69 years,
those aged 70—79 years had a higher aRR or chance of death
at 1.95 (95% CI 1.78-2.15), those aged 80—89 years had a RR
of 3.58 (95% CI 3.24-3.94), and those aged >90 years had a
RR of 6.19 (95% CI 5.26-7.28). Female patients with PTB
had a lower mortality than male patients (aRR = 0.78, 95% CI
0.72-0.85) (Table 2).

Discussion

The present study compared patients from 2 cohorts that repre-
sented data from 2 sources, the TBCM and NHSO. Data coll-
ection in the TBCM program started in 2014, while data coll-
ection in the NHSO program started in 2010. The numbers of
the PTB cases in the 2 databases are different, 11,869 in NHSO
and 8,301 in TBCM. This is because of the transposition of the
PTB reporting system of the TBCM that included incremental
coverage from hospitals across the country. The completeness
of the data sets in the 2 databases seemed to differ; the data
completeness of TBCM was 87.8% (8,301/9,451), while that
of the NHSO was 72.7% (11,869/16,335). However, if focu-
sing on elderly with new positive acid-fast bacilli sputum
smears and excluding patients whose subsequent diagnosis
changed to not to be TB, 8,588 (=8,633 — 45) in the TBCM
cohort and 15,723 (=15,833 — 110) in the NHSO cohort, the
patients with no treatment outcome reported in the TBCM
cohort were 3.3% (287/8,588) and those in the NHSO cohort
were 2.5% (3,854/15,723). This might have been because the
NHSO has implemented PTB patient monitoring mechanisms,
while the TBCM simply accumulated routine data from TB
clinics or hospitals. The NHSO has a reimbursement mecha-
nism for local health care entities to conduct routine home
visits. Thus, the NHSO could be expected to have more
complete information on case management and outcomes.
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TBCM (n =9,451)
NHSO (n =16,321)

v
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NHSO (n = 14)
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= no sputum smear result

v
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TBCM (n =8,633)
NHSO (n =15,833)
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= changed diagnosis
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TBCM (n =45)

for each patient

v

NHSO (n =110)
= no treatment outcome
TBCM (n =287)

treatment outcomes
TBCM (n =8,301)
NHSO (n =11,869)

Elderly patients with PTB
age >60 years and new positive
acid-fast bacilli sputum smear with

NHSO (n = 3,854)

Figure 1. Diagram of elderly patients with pulmonary tuberculosis (PTB) in Thai TB Case Management (TBCM) database from October 1,2013, to
September 30, 2015, and in Thai National Health Security Office (NHSO) database from October 1, 2009, to September 30, 2011

By contrast, the TBCM collected only routine data in the
health care database system.

This study showed the overall treatment success rates
among all elderly patients with new positive sputum smears
indicating TB differed for the 2 periods. The treatment success
was 87.5% among elderly patients with PTB in 2010-2011
(NHSO cohort) against 78.5% among elderly patients with
PTB in 2014-2015 (TBCM cohort). By contrast, the overall
mortality among elderly TB patients aged >60 years was 8.2%
in the NHSO cohort and 16% in the TBCM cohort. These fin-
dings were unanticipated because the success rates appeared
to be lower and mortality appeared to be higher in the cohort
covering the more recent time (TBCM) compared with those
in the historical cohort (NHSO). The differences may be due

to the differences in case management and reporting mecha-
nisms between the TBCM and NHSO as mentioned earlier.
The NHSO reimburses payment to hospitals that conduct
patient home visits until the end of treatment and complete
PTB reports submitted to the NHSO, but the reporting of pati-
ents with PTB registered to the TBCM program of the BTB
has no reimbursement mechanism. Thus, the more recent
statistics on treatment outcomes based on TBCM dataset in
2014-2015 as shown here may reflect a less accurate picture
of the TB situation for the elderly in Thailand. As TBCM data-
bases have been in transition to become national databases and
NHSO databases have been phased out, we recommend main-
taining the treatment outcome monitoring mechanism as pre-
viously employed by the NHSO. For Thailand and elsewhere,
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(2014- (2014- (2014- (2014- (2014- (2010- (2010- (2010- (2010- (2010-

2015) 2015) 2015) 2015) 2015) 2011) 2011) 2011) 2011) 2011)
M Success 43.6 61.2 76.6 85 78.5 60.3 79.6 87 91.1 87.5
Failure 0 0.4 1 1.2 1 0.6 1.1 13 1.9 1.5
B Death 50 33.2 17.5 9.8 16 34.6 15.9 9.3 4.4 8.2
B Loss to follow up 5.3 1.5 2.1 1.7 1.8 2.6 1.9 13 1.3 1.4
Transferred out 1.1 3.8 2.8 2.4 2.7 1.9 1.5 11 1.4 1.3

Figure 2. Distribution of treatment outcomes by age group (in years) for elderly patients with pulmonary tuberculosis in 2010-2011 and 2014-2015

Table 1. Factors associated with treatment success among elderly patients with PTB in Thailand, 2010-2011 and 2014-2015

Variable Total assessed, N Success, n (%) Nonsuccess, n (%) RR, (95% Cl) aRR, (95% Cl)
Year

2010-2011 11,869 10,388 (87.5) 1,481 (12.5) 1 1

2014-2015 8,301 6,519 (78.5) 1,782 (21.5) 0.90 (0.89-0.91)* 0.91 (0.90-0.92)*
Age group, y

60-69 10,109 8,943 (88.5) 1,166 (11.5) 1 1

70-79 6,898 5,719 (82.9) 1,179(17.1) 0.94 (0.93-0.95)* 0.94 (0.93-0.95)*
80-89 2,913 2,110(72.4) 803 (27.6) 0.82 (0.80-0.84)* 0.83 (0.81-0.85)*
90 250 135 (54.0) 115 (46.0) 0.61 (0.54-0.68)* 0.61 (0.55-0.68)*
Sex

Male 13,505 11,215 (83.0) 2,290 (17.0) 1 1

Female 6,636 5,673 (85.5) 963 (14.5) 1.03 (1.02-1.04)* 1.03 (1.02-1.04)*
*P < 0.001

aRR, adjusted relative risk; Cl, confidence interval; PTB, pulmonary tuberculosis; RR, relative risk

the lesson learned is that an intensive case follow-up approach
to monitor treatment outcomes can improve the quality of data
within the TB case-based systems and will result in more accu-
rate estimates of disease burden.

Compared with the treatment success rates for TB pati-
ents among all age groups as reported by the national TB
program, the findings in this study revealed that elderly
patients in the 2010-2011 cohort appeared to have similar
success rates (elderly: 87.5% vs. all ages: 86.0% (2010)

and 85.0% (2011)), but elderly in the 2014-2015 cohort
appeared to have lower success rates (elderly: 78.5% vs. all
ages: 82.3% (2014) and 80.9% (2015)). The mortality for all
age groups of TB patients was slightly lower than that of
the elderly in the 2010-2011 cohort (elderly: 8.2% vs. all
ages: 7.0% (2010) and 7.0% (2011)) but much lower than
that of the elderly in the 2014-2015 cohort (elderly: 16.0%
vs. all ages: 7.7% (2014) and 8.0% (2015)). When examining
the treatment outcomes in details of the cases with complete
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Table 2. Factors associated with death among elderly patients with PTB in Thailand, 2010-2011 and 2014-2015

Variable Total assessed, N Death, n (%) Not death, n (%) RR (0.95% Cl) aRR (0.95% Cl)
Year

2010-2011 11,869 976 (8.2) 10,893 (91.8) 1 1

2014-2015 8,301 1,325 (16.0) 6,976 (84.0) 1.94 (1.80-2.10)* 2.01(1.86-2.17)*
Age group, y

60-69 10,109 677 (6.7) 9,432 (93.3) 1 1

70-79 6,898 865 (12.5) 6,033 (87.5) 1.87 (1.70-2.06)* 1.95(1.78-2.15)*
80-89 2,913 658 (22.6) 2,255 (77.4) 3.37 (3.05-3.72)* 3.58 (3.24-3.94)*
>90 250 101 (40.4) 149 (59.6) 6.03 (5.10-7.13)* 6.19 (5.26-7.28)*
Sex

Male 13,505 1,612(11.9) 11,893 (88.1) 1 1

Female 6,636 681(10.3) 5,955 (89.7) 0.86 (0.79-0.94)* 0.78 (0.72-0.85)*
*P < 0.001

aRR, adjusted relative risk; Cl, confidence interval; PTB, pulmonary tuberculosis; RR, relative risk

data in the 2 cohorts, the loss to follow-up rates were not
significantly different: 1.8% among elderly TB patients in
the TBCM cohort and 1.4% among elderly TB patients in
the NHSO cohort. These findings may not be related to the
quality of the data in the databases but support good care
to increase compliance and successful treatment for elderly
patients with PTB.

Nevertheless, from both data sources at 2 time periods, the
results suggested that patients with PTB, aged 60—69 years,
had a high treatment success rate and low mortality. By con-
trast, patients with PTB aged >90 years had low treatment
success rates and high mortality. This finding is consistent with
other studies conducted in Asian and Europe where treatment
success was associated with younger age [20-22]. Mortality
of the elderly was reported as a factor influencing treatment
outcomes [23]. Advanced age is obviously a significant risk
factor for unsuccessful treatment because advanced age itself
contributes to higher mortality, in part through comorbidities
[20]. As reported in other studies, mortality showed a substan-
tial increase with age [24]. As Thailand has sought to increase
treatment success rates for elderly patients with PTB, those
with older age have increasing risks and should receive more
attention. Intensive home visits with good care of elderly pati-
ents might improve the treatment success rate for PTB [20].

Elderly women with TB had a higher treatment success
rate (85.5%) and lower mortality (10.3%) than elderly men
with TB. Similar findings have been observed by others [25];
treatment success for women was 1.4 times higher than that for
men [26]. European surveillance data showed that male pati-
ents with TB had an approximately 50% higher risk of death
[27]. The higher risk in male patients was explained as the
consequence of low compliance with anti-TB therapy, leading
to repeated, short interruptions of treatment or a greater loss

to follow-up. Improved case-holding strategies may improve
treatment outcomes [27-29].

This study employed a retrospective cohort design and was
conducted using secondary data compiled from 2 data sources.
As with other studies, when using data collected through time,
one should be cautious in drawing conclusions in that the
results were based on the assumptions regarding the complete-
ness and validity of the data in the databases. As the data from
the 2 sources were those compiled from different periods, it
would be unfair to make claims as changes overtime.

Conclusions

The chances of treatment success and risk of mortality
were associated with increasing age of elderly TB patients.
Higher treatment success rates were found for elderly aged
60—-69 years, and higher mortality was found for elderly aged
>90 years. Patients of advanced age were less likely to achieve
treatment success. Female patients had higher antitubercu-
losis treatment success and lower mortality than male pati-
ents; women generally had better treatment compliance. We
suggest increased awareness of disease progression and better
treatment support for those with advanced age. The comple-
teness of the data in the 2 databases seemed to differ; this
might have been because the NHSO has implemented PTB
patients monitoring mechanisms, while the TBCM simply
accumulated routine data. Frequent routine home visits to
elderly patients would not only furnish a mechanism to ensure
complete treatment and care information for patients with
PTB be reported to the national databases but also provide the
necessary support and increase the treatment success rate for
elderly patients with PTB.
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