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ABSTRACT
BACKGROUND: The epidemiology of tuberculosis (TB) related recurrence and mortality is not
well characterized for British Columbia (BC) or Canada. The objectives of this thesis were: 1) to
estimate the incidence of recurrence of TB and identify predictors associated with TB
recurrence; to investigate the relative contribution of exogenous re‐infection as a mechanism
of recurrence; to characterize mortality among TB patients and to identify potentially
modifiable risk factors for patients whose deaths were attributable to TB.
METHODS: This study was conducted using population‐based data maintained by the
centralized provincial TB service (TB Control Division at BC Center for Disease Control). All TB
cases recorded with this Division from 1990 to 2006 were reviewed. TB patients who developed
recurrence and who died during the observation period were identified. Cox regression was
performed to identify risk factors associated with recurrence and mortality.
RESULTS: During the study period (1990 to 2006), over 5400 TB patients were registered with
the provincial TB control program. The incidence of recurrence was 370 per 100,000 person‐
years (pys). Several factors such as foreign‐birth, incomplete treatment, poor‐compliance to
treatment, place of initial diagnosis, HIV and drug abuse were significantly associated with TB
recurrence. The relative contribution of re‐infection was 8% and the incidence of reinfection
was 19 per 100,000 PYs. There was an excess mortality among TB patients compared to the
general BC population. 1069 TB patients died during 1990 to 2006 (29 per 1000 PYs). The
cumulative mortality at the first 6 and 12 months were 8% and 10% respectively. Increasing
age, Aboriginal ethnicity, miliary TB, HIV/AIDS, alcoholism, substance abuse, etc was
significantly associated with all‐cause mortality in multivariable analyses. Among these deaths,
109 (109/5408=2%) deaths were primarily caused by TB and another 177 (177/5408=3.3%)
deaths were partially contributed by TB (one of the causes of death). Miliary TB, far advanced
PTB and Aboriginal ethnicity were the strongest predictors of mortality related to TB.
CONCLUSIONS: This study identified several important risk factors in a population‐based TB
cohort. Effective interventions targeting these high‐risk populations are urgently required in
order to prevent recurrence and mortality related to TB.
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CHAPTER 1: BACKGROUND, STUDY JUSTIFICATION, AND
OBJECTIVES

1

1.1 OVERVIEW OF THE DISSERTATION
The PhD dissertation incorporates a manuscript‐based format as outlined by the Faculty of
Graduate Studies at the University of British Columbia. There are seven chapters in this thesis.
The first chapter is the introductory chapter, which discusses background, study justification
and the objectives of this thesis. Each chapter from two to six is representative of an individual
manuscript resulted from thesis related research. The primary focus of Chapter 2 is the risk
factors for recurrent tuberculosis (TB), whether Chapter 3 is an estimation of re‐infection and
relapse as a mechanism of recurrent TB. Chapter 4 is a systematic review of published literature
on TB‐related mortality. Chapter 4 and 5 discuss all‐cause mortality and cause‐specific mortality
among TB patients respectively. Chapter 7 is the concluding chapter that summarizes the key
findings from Chapters two to six, and outlines implications for future research and intervention
efforts.

1.2 BACKGROUND
1.2.1 Global Burden of Tuberculosis
In 1990, the World Health Organization (WHO) conducted a special study to estimate the global
burden of tuberculosis (TB). This report showed that approximately one third of the global
population was infected with Mycobacterium tuberculosis (MTB) (1). Since the publication of
the WHO report, the epidemiology of TB has changed in response to a number of factors
including the increased prevalence of human immunodeficiency virus (HIV), the emergence of
drug resistance disease and changes in TB management practices (2). Currently, there are more
new infections than ever, which translate a newly infected person with TB bacillus every second
(3). Fortunately, but not every case of latent TB infection progresses to active disease, only 5‐
10% of all infected cases will develop active illness during their life time (3,4).
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The most recent estimate published in 2009 predicted a total of 9.4 million new TB cases
globally in 2008 (5), a substantial increase of TB cases than that in last decades (6.6 million and
8.3 million in 1990 and 2000 respectively) (6). The burden of this disease has been greatest in
Southeast Asia and sub‐Saharan Africa in terms of both the absolute number of cases and
incidence. For example, about 55% of these incident cases occurred in Asian countries and 31%
in African countries. According to geographical region, the sub‐Saharan countries have, overall,
the highest incidence of TB (350 per 100, 000), almost two‐times higher than that of Southeast
Asia region, which accounted for the highest number of new TB cases (3). Until 2005, the global
incidence of TB had been increasing by about 1.1% annually despite the increased global efforts
to control this disease (7). Since then, although the global incidence of TB has been falling, but
the annual rate of decline has been very slow (less than 1%).

1.2.2 Tuberculosis in Canada
According to Health Canada, approximately 1600 new TB cases (e.g., 1547 new and re‐
treatment cases in 2007) occur each year in Canada (8‐10). Although the overall TB incidence in
Canada has shown a decreasing trend during the last two decades, the burden of TB recurrence
did not decline proportionally. Alberta, British Columbia (BC), Ontario and Quebec‐ the four
most populous provinces of Canada – are where approximately 85% of the total TB burden of
TB occurs , with BC having the highest incidence rate of TB among these provinces (8,9). In
2007, the TB incidence rate for BC was 6.3 per 100, 000 (national rate was 4.7) compared to a
rate of 5.1 (per 100, 000) in Ontario, 3.2 in Alberta and 3.0 in Quebec (8). There is also an over‐
representation of TB among Canadian‐born aboriginals. In 2007, Canadian‐born aboriginal
persons accounted for 20% of total reported cases, while Canadian‐born non‐Aboriginal
persons only made up 11% of total cases despite making up a much higher proportion of the
population (8).

In Canada, like many developed countries where a large number of immigrants are admitted
each year, the majority of TB cases occur among the foreign‐born. In Canada, approximately,
3

80% of immigrants originate from a country where the burden of TB is very high (9). The
proportion of all TB cases occurring in the foreign‐born has increased significantly over time ‐
from 18% in 1970 to 66% in 2007 (8,10). In BC, 75% of all TB cases were among foreign‐born
people (although immigrants accounted for only a quarter of total BC population according to
2006 census) and the incidence of TB among foreign‐born people was 19.2 per 100,000 (1.6
among non‐Aboriginal Canadians) in 2004 (11).

To address the large number of cases among the foreign‐born, TB control programs in the
industrialized nations need to actively support the development and implementation of TB
control initiatives in developing countries (12‐14). A recent article indicates that investment in
immigrants’ countries of origin, where the incidence of diseases is particularly high, may be a
cost effective means of reducing the incidence of TB among future immigrants migrating to
countries with a low burden of TB (14). The Canadian Lung Association has also recommended a
similar strategy.

1. 2.3 Recurrent TB
TB recurrence (the term retreatment is also frequently used as a measure of recurrence
globally) is a second episode of TB that takes place after the first occurrence has been defined
as cured or inactive (15). In low incidence countries (e.g., Canada) attempting to eliminate TB,
prevention of recurrence is critical for control strategies because it helps to reduce the
transmission of TB by decreasing the number of contagious cases. From a monitoring
perspective, the recurrence/retreatment rate is useful for assessing the quality of TB control
programs due to its potential association with treatment coverage and completion rates (16).
Several factors such as age, male gender, Aboriginal ethnicity, incomplete TB treatment, drug
resistant status, silicosis, alcoholism, HIV co‐infection, and extent of disease (e.g., advanced
stage, cavitations) have been found to be associated with recurrence (17‐26). However, the
majority of studies, focusing on recurrent disease, have not been conducted in population‐
based cohorts but rather in an institutional or clinical setting, which limits the application of
4

study findings to the general population. Moreover, population based studies, which more
accurately reflect burden of illness, can be of great use to health policy makers at the national
and international level. Additionally, information on TB recurrence from the Canadian setting is
limited. A case‐control study was conducted in the province of Manitoba during the 1980s,
which was limited by a relatively small number of cases, study methodology and duration of
follow‐up (23). The study also did not provide an estimate of incidence of recurrence. The
estimation of incidence and identification of risk factors for recurrence using population based
data represents a potentially useful means of improving TB control programs by targeting the
high‐risk population.

1.2.4 Mechanism of Recurrence: Relapse vs. Reinfection
Recurrence may be due to either endogenous reactivation (relapse) or exogenous re‐infection.
If both the recurrent episode and primary episode of TB are caused by the same strain of TB
bacillus, then it is considered to be a relapse. However, if a different strain is found for both the
initial and recurrent episode, re‐infection is considered the likely mechanism. Although
complex, it is important to know whether the recurrence is linked to ongoing community
transmission (i.e., re‐infection) or has occurred because of inadequate treatment of the initial
episode (i.e., relapse). Re‐infection is thus an important indicator of community transmission. A
precise estimate of the extent of re‐infection existing in specific communities is vital when
attempting to prioritize control efforts (e.g., effective detection and management of contagious
cases) to decrease the number of cases with new infection and re‐infection.

It is noteworthy to mention that the relative contribution of reinfection to recurrence has direct
implications on the development of an improved vaccine against TB (15,27). If the infection
from the first episode does not provide protective immunity against a new strain of
Mycobacterium tuberculosis, the development of new TB vaccines based on existing knowledge
of host defenses becomes more challenging (15,27,28). Moreover, if re‐infection is a frequent
cause of recurrence, then the evaluation of TB treatment regimens used in clinical trials
5

becomes problematic because it can be difficult to determine their effectiveness (i.e.,
successfully treated patients may unknowingly become reinfected during the study) (29). This
type of information is vital to the development of efficient and effective TB management
programs.

The relative contributions of relapse and reinfection as a cause of recurrence has been debated
for many decades, since both types of recurrences are not clinically distinct (15,27). Studies
published in the last few decades described relapse exclusively as the mechanism for
recurrence (29‐31). During this period, TB researchers were limited in resources or access to
techniques that could differentiate relapse from re‐infection. However, with the advent of
molecular epidemiology techniques, it is now possible to make quantitative assessment of the
contribution of reinfection to recurrence.

To date, few studies have been conducted to explicitly examine the contribution of reinfection
to TB recurrence. The relative contribution of re‐infection varies widely (0‐100%) across the
studies that have been conducted (29,31‐44). The majority of these studies have not been
population based and reported only the proportion of recurrence due to reinfection (no
incidence estimate of reinfection was available). A recent systematic review (15) on reinfection
raised concerns about the quality of many of the included studies. The authors of this review
(15) strongly recommended that future studies assessing this question should utilize a more
rigorous methodology to allow for an improved understanding of the possible mechanisms of
recurrence. Although studies have been conducted in several countries (mostly in the
developed world), no such information is available in Canada. A study (43) on reinfection was
recently conducted across North America among patients participating in a clinical drug trial, no
specific estimates were provided for Canadian patients. In addition because this was a clinical
trial, with very selective recruitment of patients, the study does not provide a true population
based estimate.
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1.2.5: Tuberculosis Mortality
TB‐related mortality continues to pose a significant public health problem locally and
internationally. Globally, TB accounts for 6% of all deaths and more than one fourth of all
preventable adult deaths (45‐47). An estimated two million people die of TB each year (1.8
million deaths in 2008 including 0.5 million HIV co‐infected deaths) with a case fatality rate
(CFR) of up to 53% (overall global CFR is 23%) %) (2,5,6). The number of deaths caused by TB
bacillus was higher than that of any other infectious agent in the pre‐HIV era (1,48). Currently
TB is the second commonest infectious cause of death due to a single agent (HIV ranks first). In
the modern era, all TB related deaths are potentially preventable. This raises an important
question, why do so many patients diagnosed with TB die when for the majority of cases
effective therapy is available. It is commonly acknowledged that further epidemiological
research is required on the determinants of TB mortality.

Although studies conducted in this area have identified several factors (e.g., older age, HIV
infection, multi‐drug resistance, co‐morbid conditions, and immune‐suppression status) as
being associated with TB‐related mortality (46,49‐55), the epidemiological risk factors for
mortality in TB patients requires further exploration. In addition, there is a scarcity of
longitudinal, population‐based studies. Most studies have been conducted on hospitalized
patients or in selected populations (46,50,51,56‐63)

Studies based on narrowly defined populations are prone to have limited external validity,
which often affects their application to the general population. Research focused on examining
the impact of preventable risk factors on TB related mortality in a general population setting is
clearly required to address these gaps. In addition, there is limited Canadian research
evaluating TB mortality (64‐66). A study (64) evaluating TB‐related mortality was conducted in
BC during the 1980s but this study was conducted in the pre‐HIV era. Since then, the
epidemiology of TB has changed substantially both globally and in Canada. In addition, the prior
BC study was limited by in terms of the number of cases, analytical techniques, and study
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duration. Recently, concern regarding TB mortality has emerged as a problem in many
industrialized countries of world (e.g., the USA) due to an increase in the number of TB related
deaths (56,67,68). This situation reinforces the need for an investigation of the risk factors for
TB related mortality in a Canadian setting.

1.3 RATIONALE AND JUSTIFICATION
Despite to increased efforts focusing on TB control, this condition continues to pose a
significant public health problem throughout the world. Canada, a country with a low incidence
of TB aims to eliminate TB. Prevention of infection and re‐infection are important components
of this elimination strategy. There is significant mortality among TB patients despite available
treatment strategies, which, at least for drug sensitive disease, is effective. Despite this there is
a limited body of research on TB recurrence and mortality in Canadian setting. Data from
studies conducted in other countries might not be relevant to Canada due to fundamental
differences in health care systems and population demographics. In addition, there are only a
limited number of population‐based studies. Studies based on selective groups of individuals
are prone to have limited external validity, which often affects their application to the general
population.

Moreover, there is a scarcity of systematic reviews on TB‐related morality. In addition, the
majority of mortality studies among TB patients evaluated the risk of dying from TB while
patients were on treatment. Only a limited number of studies investigated specific causes of
death among TB patients and identified risk factors among TB patients whose deaths were truly
attributable to TB (64,69,70). These studies demonstrated that a substantial proportion of
deaths while on treatment were not directly related to TB (the underlying cause), rather the
deaths were attributed to other illness/causes. Evaluating the performance of TB control
program based deaths during treatment might be misleading. Interventions based on such
findings have limited applicability in preventing deaths from other causes. Therefore, it is
widely acknowledged that more epidemiological research is required on the rates, patterns and
determinants of TB recurrence and mortality.
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1.4 OBJECTIVES
This thesis explores the following objectives:
1. To estimate the incidence of TB recurrence and to identify socio‐demographic and
clinical risk factors for recurrent TB in all TB patients in British Columbia
2. To estimate the incidence of re‐infection (exogenous re‐infection) and relapse
(endogenous reactivation) as the cause of recurrence using molecular epidemiology
techniques (DNA finger printing) in patients with culture proven TB
3. Conduct a systematic review of the literature on potential risk factors for TB‐related
mortality
4. To characterize the mortality among TB patients, to investigate the trend of deaths
compared to general population of BC and identify the risk factors associated with
mortality among TB patients
5. To identify potentially modifiable or preventable risk factors for patients whose deaths
were attributable to TB in all TB patients in British Columbia

1.5 HYPOTHESES


Socio‐demographic and clinical factors including foreign birth, drug‐resistance status,
HIV co‐infection, non‐adherence to TB treatment, and radiographic evidence of
cavitation will be positively associated with tuberculosis recurrence.



The relative contribution of re‐infection (exogenous reinfection) will be lower compared
to relapse (endogenous reactivation) among culture proven TB cases and occurrence of
re‐infection (rate of reinfection) parallels the overall TB incidence in the general
population.



TB patients experience excess mortality compared to the general population



Specific modifiable risk factors such as failure of diagnosis/missed diagnosis, alcoholism,
drug abuse and HIV co‐infection will be positively correlated with TB‐related mortality.
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Findings from this thesis, described in the following chapters, will improve our understanding of
the epidemiology of TB recurrence and mortality and provide a basis for health policy makers
and service planners to implement effective interventions targeting high risk patients.
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CHAPTER 2: A POPULATION BASED STUDY OF RECURRENT
TUBERCULOSIS IN BRITISH COLUMBIA, CANADA1

1

‐ “A version of this chapter will be submitted for publication. Moniruzzaman, A. Kazanjian, A. Wong, H. Elwood,
R.K. and FitzGerald, J. M. (2010) Recurrence of Tuberculosis: a population‐based study.”
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2.1. INTRODUCTION
Globally, in terms of morbidity and mortality, tuberculosis (TB) is one of the leading infectious
diseases, which caused the highest number of deaths by a single pathogenic agent in the pre‐
HIV era (1,2) and now ranks second to HIV. Recurrent TB remains a significant public health
problem for TB control programs globally, especially in resource‐poor countries. Recurrent
cases have higher mortality rates (3‐6) and also continue to transmit infection in the
community. A recent South African study reported an elevated risk of new TB (another episode)
among patients with a history of previous TB (7). In addition, management and treatment
becomes are more challenging in a patient with recurrent TB. Retreatment frequently involves
more expensive drugs and a longer duration, and thus provides an extra burden to resource
poor countries. In low incidence countries (e.g. Canada), attempting to eliminate TB, the
prevention of recurrence is critical for control strategies because it helps to reduce the
transmission of TB by decreasing the number of contagious cases. From a quality assurance
perspective, the recurrence rate is useful for assessing the effectiveness of a TB control
program due to its potential association with treatment coverage and completion rates (8‐11) .
Recurrence is widely used as an outcome measure in studies evaluating either efficacy or
effectiveness of a TB treatment regimen (12‐17). An improved understanding of recurrence is
valuable for future development of treatment regimens.

Several factors such as age, male gender, Aboriginal ethnicity, incomplete TB treatment, drug
resistant status, silicosis, alcoholism, HIV co‐infection, and extent of disease (e.g., advanced
stage, cavitations) have been found to be associated with the recurrence of TB (10,13,18‐25).
However, wide discrepancies are observed across studies in terms of methodology and criteria
that are used to define reactivated cases (8,23,26‐28) and the majority of studies, evaluating
recurrence, have been conducted on specific populations in institutional or clinical settings,
which limit the application of study findings to the general population. For example, findings
from clinical trials differ from population‐based studies as clinical trials usually follow rigid
selection criteria and a vigorous patient follow up and monitoring system. These criteria are not
being applicable in real‐life settings.
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Additionally, few studies have investigated risk factors of recurrence in the presence of multiple
factors including demographic and clinical characteristics, individual prognostic factors and
treatment related behaviors (26). Information on TB recurrence from the Canadian setting is
also limited. To our knowledge, the study published by Johnson et al. in 1985 is the only
Canadian study and this study investigated the recurrence of TB in the province of Manitoba
(22). However, it was a case‐control study that included only 58 reactivated cases and did not
provide an estimate of incidence of recurrence. The objectives of this study are to estimate the
incidence of, as well as the risk factors, for TB recurrence in the province of British Columbia
using population based data.

2.2 METHODS
2.2.1 Setting and Source of Information
This study was conducted in British Columbia, with a population of approximately 3.4 million.
Like other parts of Canada, this province has many immigrants, mainly from Asian countries.

The provincial TB service program is administered by the Division of TB Control (DTB) at the
British Columbia Centre for Disease Control (BCCDC), located in Vancouver (the largest city of
this province). This center acts as a referral centre for the prevention, control and treatment of
all TB‐related disease and infection occurring in BC. Since TB is a notifiable disease, this division
is notified with regard to all new active cases of TB that are diagnosed in BC. In addition, the TB
medications are dispensed by the Pharmacy division of BCCDC and myco‐bacteriology for all
active cases is also coordinated from the provincial TB laboratory located at the BCCDC. These
centralized activities work as an additional safeguard and ensure that the DTB is informed of all
TB and TB‐related cases that occur in the province.

A centralized computer based system has been in place from the 1960’s but this system was
upgraded and integrated into a more comprehensive database since 1990., The database
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maintains a comprehensive electronic database with records for all subjects whose care is
managed through the TB control program. This database contains several types of information
including: socio‐demographic profile, medical risk factors, treatment and related information,
mycobacteriology. Mycobacteriology related data is generated from the BCCDC TB laboratory
and is entered into the TB control by a trained TB clerk. Socio‐demographic and risk factor
information is obtained from several sources. If TB patients are seen in person in the BCCDC TB
clinic, then an interview clerk usually collects this information and enters it into the TB control
database. If the client is not seen in person (i.e. TB Control is consulted by private physicians or
the patient is in the hospital), then usually it is the local Public Health Nurse who collects
the socio‐demographic information for the patient in their area. A standardized data collection
form is used for this purpose. The information is then sent (mailed, faxed) to TB Control and
input by Medical Records Staff and Field Operations nursing personnel.

2.2.2 Study Design
A population‐based retrospective cohort design was used for this study. This study used data
from 1990 to 2006.

2.2.3 Study Population and Relevant Definition
The study population included all TB cases recorded in the DTB case registry from 1990 to 2006.
According to Health Canada, a tuberculosis patient with “documented evidence or history of
previously active tuberculosis which became inactive” (29) is defined as a recurrent/relapse
case. A TB patient who did not have history of prior TB was termed as a new case. In BC, the
same criteria set by Health Canada are being used to determine new and recurrent cases. It has
been recommended by Health Canada that all subjects who are diagnosed with TB in Canada
need to be recorded under the headings new and relapsed cases. Prevalence and incidence of
recurrence were investigated separately. A case whose recurrent episode was determined
between 1990 and 2006 regardless of its primary episode was termed as a prevalent recurrent
23

case. However, a recurrent case whose both primary and 2nd episode occurred between 1990
and 2006 was defined as an incident case. Therefore, the number of eligible cases differed
across these analyses. For prevalence, all recurrent cases reported between the observation
periods were included in the analysis. A TB patient with an unknown status as a new or
recurrent case was excluded from both the prevalence and incidence study.
However, a restricted sample was used to estimate incidence of recurrence as well as factors
associated with incidence of recurrence. In the incident study, recurrent cases whose primary
and subsequent episodes of TB occurred between 1990 and 2006 were considered for this
study. Any case having a history of a primary episode before 1990 was excluded from the
analysis. In addition, new TB cases diagnosed in 2005 and 2006 were not considered in the
incident study in order to allow a minimum of two years follow up time (since their primary
diagnosis date) for the development of recurrence. The period of inactivity (difference between
date of diagnosis of subsequent episode and the treatment end date of previous episode)
differs across studies ranging from 0 to 12 months (8,23,27,28,30). The Canada TB reporting
system recommends a 6 month period of inactivity to consider the case as a recurrent one. The
primary analysis for risk factors were conducted among all incident recurrent patients
regardless of period of inactivity (n=108). However, cases with less than 6 months of inactivity
were identified and an additional analysis was done among these recurrent patients (with more
than 6 months of inactivity).

2.2.4 Followup Time
Follow up time was estimated from the differences between time 1 and time 0. Treatment end
date of the primary episode was time zero and censoring date was time 1. Recurrent cases
were censored at time of 1st recurrence (time 1). Patients without recurrence were censored
(time 1) when death occurred, or they left the province or their follow‐up ended (Study end
date, 31st December, 2006).
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2.2.5 Variables Description

2.2.5.1 Outcome (Dependent) Variable – Recurrence
The recurrence of TB is our primary concern and therefore it was considered as the outcome
variable. For our prevalence study, prevalence of recurrence was the outcome while for our
incident study; it was the incidence of recurrence. New cases were the comparison group for
both scenarios. In the previous section, both recurrent and new cases were defined.
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Figure 2.1: Study population for incidence of recurrence (n=4464)

5433 TB cases registered with TB Division
between 1990 and 2006

Excluded (n=969)

Eligible for follow up (n= 4464)

1) TB patients with unknown
status (n=5)
2) Primary episode before
1990 (n=383)
3) Recurrent cases with
unknown primary episode
(n=24)
3) Recently (in 2005 and
2006) diagnosed new cases
(n=557)

Follow up interval: time1 – time0
Time 0: Treatment end date of 1st episode
Time 1: Date of recurrence/Date of
Death/Lost to follow up/Study end date
Outcome: Recurrence of TB (event=108)
Observation time: 29178 PYs

Incident cases with less than 6
months of inactivity (n=14)

Incident cases with more than 6
months of inactivity (n=94)

Primary analysis: Cox regression
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2.2.5.2 Independent Variables

2.2.5.2.1 Socio‐demographic Variables
Age

In the database, the exact age was not available; rather it was calculated from the differences
between date of diagnosis and date of birth. For patients with multiple episodes, date of
diagnosis at primary episode was used to calculate age. Age at diagnosis was analyzed as a
continuous variable.
Biological Gender

The data on gender in the primary database was almost complete and was coded as male,
female and trans‐sexual. For cases with trans‐sexual status, current gender was used. The risk
for females of recurrence was estimated by comparing females with males (reference
category).
Country of Origin/ Immigration Status
Under this variable, data for several categories (Canadian born, foreign‐born Canadian citizen,
landed immigrant, visitors, refugee, etc.) were included in the primary database. All categories
were collapsed into three groups‐ Canadian born non‐Aboriginals, Canadian born Aboriginals
and foreign‐born. The foreign‐born group includes landed immigrants, foreign‐born Canadian
citizens, foreign‐born people living on a work permit, minister’s permit, or as a refugee,
student, visitor, etc.

For several subjects, immigration status was missing or unknown.

Attempts were made to see if this information could be extracted from other variables such as
birth country, arrival year and Aboriginal community. Subjects with missing or unknown status
were reassessed for their immigration status according to these variables and adjustments
were made accordingly.
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Ethnicity

In the primary database, several categories were used to determine ethnicity. There were
substantial numbers of patients in certain ethnic groups, but few in other groups. In order to
optimize the number of variables during the analysis, these categories were collapsed into
seven groups as follows:


Caucasians‐ used as reference category



Aboriginals ‐ includes both registered and non‐registered subjects, Inuit and Métis



Chinese



Southeast Asian‐ includes East Indian, Punjabi, East Asian, South Asian, and Southeast
Asian,



Vietnamese



Filipino



Other, which includes the rest of the ethnicities

In the current study, Filipino and Vietnamese have been analyzed as a single group.
Birth Country Regions

As there were exhaustive lists of countries of birth‐place for TB subjects in the database, it
would be difficult to run the analysis for all countries. In light of this, all listed counties were
collapsed into several geographical regions according to WHO criteria. The birth country regions
are as follows:


Pan American Heath Region (PAHO) ‐ includes patients who were born in countries in
North America, South America and Central America. PAHO was used as the reference
category
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African Health Region: includes mostly sub‐Saharan countries (except Sudan and
Somalia) and other African countries (except Egypt, Libya, Morocco and Tunisia)



European Health Region ‐ includes all people born in Europe and Russia



Southeast Asia Region‐ includes Bangladesh, Bhutan, DPR Korea, India, Indonesia,
Maldives, Myanmar, Nepal, Sri Lanka, Thailand, and Timor‐Leste



Eastern Mediterranean Health Region‐includes Afghanistan, Pakistan, middle‐east
countries and few African countries ( Egypt, Libya, Morocco, Somalia, Sudan, and
Tunisia)



Western Pacific Health Region‐ includes Australia, Cambodia, China, Fiji, Hong Kong,
Japan, South Korea, Laos, Macau, Malaysia, Mongolia, New Zealand, Papua New Guinea,
Philippines, Singapore, Vietnam

Few cases belonged to the Eastern Mediterranean and European regions. Therefore, both
regions were collapsed into a single group and were analyzed accordingly.

Place of Diagnosis of Primary Episode

Several places were mentioned as the place of diagnosis for the primary episode in the TB
databases. Therefore, all the places were collapsed into three groups‐ BC, other Canadian
provinces, and outside Canada. Since there were few cases that belonged to the category to
“Other Canadian Provinces”, it was combined with the group Outside of Canada and was
analyzed as a single group (Outside of BC included patients who were diagnosed in other
Canadian provinces as well as in overseas countries). Patients who were diagnosed initially at
BC were used as the reference category.

Marital Status

There were several categories enlisted in the primary database. We collapsed the categories
into the two following groups‐
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Single‐includes single, separated, divorced, and widowed



Family –includes common law groups and married groups

The category “family” was used as the reference group during analysis.

2.2.6.2.2 Diagnosis and Treatment Related Factors
Type of Diseases

Several types of diagnosis were enlisted in the primary database under diseases type. All this
information was grouped into three broad categories as follows:


Pulmonary TB (PTB)‐ TB that involves primarily lungs and also includes pleural TB



Extra‐pulmonary TB (EPTB): includes TB that involves extra‐pulmonary sites such as
genitourinary organs, abdominal, meninges, bones or joints, lymph nodes etc. Patients
with disseminated/miliary TB were considered as EPTB.



Both: patients who had both pulmonary and extra‐pulmonary involvement

Cavitary Disease

This variable was derived from diagnosis type of diseases. Patients who had been diagnosed as
‘Cavitations of Lung TB’ were classified as ‘yes’. A patient who did not have such a diagnosis was
coded as ‘no’ and was used as the reference category.
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Duration of Treatment

Treatment duration was calculated from treatment end date and treatment start date. Patients
who did not receive any treatment due to post‐mortem diagnosis were assigned zero time and
were not accounted for in the analysis.

Completion of Treatment

This variable was derived from the variable “Reason Treatment Ended”. Several categories for
Reason Treatment ended were enlisted in the original database such as: completed
satisfactorily, Incomplete, Incomplete due to death, and Incomplete due to departure from
province. All these groups were classified into three groups:


Completed treatment/successful completion of treatment2: includes patients who
received at least 6 months therapy and completed medically recommended treatment
within acceptable timeframe and acceptable completion rate.



Incomplete treatment: includes patients who could not complete treatment due to
individual causes (such as clients’ decision not to continue treatment, non‐compliance,
drug reaction). In addition, patients whose treatment status had been coded as
incomplete, due to loss to follow up, were included in this category.



Other: includes patients who could not complete treatment due to death or relocation
out of province or could not receive treatment due to post‐mortem diagnosis or other
reasons.

In the current analyses, the effect of incomplete treatment was assessed compared to
complete treatment. A patient who was included in the “other treatment” category was not
accounted for in this analysis.

2

‐Successful completion of treatment mostly represents patients whose outcome was ‘cure’ (bacteriological) and
whose outcome was ‘treatment completed’.
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Compliance with Treatment

Information on compliance with treatment was coded in the TB databases as a percentage such
as “less than 50%”, “50% to 80%”, and 100%. Patients who had 80% compliance or less were
classified as non‐compliant/poor compliant while patients who had more than 80% compliance
were classified as compliant.

Administration of Therapy

This variable was originally coded in the database as ‘Self‐administered’, ‘Supervised once
daily’, ‘Supervised twice weekly’, ‘DOT’ and ‘Supervised thrice weekly’. All these groups were
categorized into two groups:


Self‐administered therapy: includes ‘Self‐administered’



Supervised therapy: includes ‘Supervised once daily’, ‘Supervised twice weekly’, ‘DOT’
and ‘Supervised thrice weekly’

2.2.5.2.3 Mycobacteriology Results
TB Culture

When a TB is suspected as diagnosis, smear and culture tests on available specimens are
routinely performed in order to confirm the TB diagnosis. Based on culture results, all TB
patients were categorized into two groups‐ culture positive cases and culture negative cases.
Patients whose culture reports were not available or could not be done were treated as
unknown. The effect of positive culture on recurrence was investigated and culture
negative/unknown cases were used as the reference group.
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Drug Sensitivity

Once culture tests are available, drug susceptibility tests were also routinely conducted on all
positive cultures. In the BCCDC TB lab, susceptibility testing is performed for four first‐lines anti
TB drugs: rifampin (RIF), isoniazid (INH), ethambutol (EM) and streptomycin (SM). If the
subjects are resistant to isoniazid (INH) or rifampin (RM), then the susceptibility testing for
pyrazinamide (PZA) is done. This based on the infrequent presence of PZA resistance. Since the
test reports for PZA susceptibility were unavailable for most of the cases, the results of PZA
were not considered to determine the status of susceptibility (i.e., whether it should be
considered as sensitive or resistant cases). Based on the susceptibility results, three subgroups
for resistance patterns and one group for sensitivity were created as follows:


Mono resistance: resistance to a single drug



Multidrug resistance (MDR): resistance to rifampin and isoniazid



Poly‐resistance: resistance to at least two drugs excluding MDR cases



Sensitive: sensitive to all four drugs

The laboratory report of drug susceptibility was originally coded as sensitive, resistant,
borderline sensitive/resistant cases. In addition to clearly resistant groups, all borderline
categories are also considered as resistant cases. In the current analysis, the poly and mono‐
resistance groups were collapsed into a single group and patients with sensitive isolates were
used as the reference group.

2.2.5.2.4 Co‐morbid Conditions
Under co‐morbid conditions, the variables that were analyzed were as follows: diabetes
mellitus, malnutrition, alcoholism, drugs or substance abuse, HIV status, malignancy and use of
immunosuppressive medications.
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Overall, all these variables were classified as a dichotomous variable ‐yes or no. “Yes” indicates
presence of co‐morbidity or illness while “No” indicates the absence of that particular disease.
There was an additional two categories (uncertain and not asked) in the primary database,
which were treated as unknown observations. Patients without a valid response (missing or
unknown) to co‐morbid conditions and patients without co‐morbidity were used as the
reference group.

The term “Alcoholism Yes” indicates a history or current intake of an excessive amount of
alcohol (subjective judgment), while “No” indicates the absence of such an intake of alcohol.
The variable “Substance abuse” was derived from drug abuse and methadone use and coded as
yes and no. Yes includes both past and present use of either non‐injection or injection drugs
(including methadone) while no means absence of such a habit. In the primary database, the
information on HIV and AIDS was available separately. Both variables were combined and
classified into a binary variable ‐ yes vs. no. Yes means sero‐positivity for HIV which includes
AIDS defining illness. No means negative for HIV.

The variable “Malignancy” was derived from four variables (lymphoma, leukemia and other
malignancy, chemotherapy for cancer) that were available in the current database. It was
coded into yes (presence of any malignancy) and no (absence of such a malignancy. The
variable “Chronic Renal Failure” was derived from two variables renal failure and kidney
transplant, which was later coded as yes or no. Immunosuppressive medications is a
combination variable of immune‐suppressive medications and steroid therapy. Patients who
received immunosuppressive or steroid therapy or are being treated with these medications
currently were coded as yes. Patients who did not have a history of such medications were
classified as no.
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2.2.6 Statistical Analysis
An initial descriptive analysis for the study population was performed. Comparisons of
continuous variables among groups (such as new vs. recurrent cases) were done using student t
test and Wilcoxon rank sum test whenever appropriate. Categorical variables were compared
using the chi‐square test and fisher’s exact test (if one of the expected cell values were less
than 5). For the prevalence study, logistic regression analysis was conducted to identify factors
associated with TB recurrence. Since the primary focus of this study was the incidence of
recurrence, a detailed description of the analysis for incident study was presented here.

For the incident study, incidence was estimated per person‐year of follow up and expressed in
terms of 100, 000 person‐years. Univariate and multivariable Cox regression were conducted to
identify predictors of incidence of recurrence. Variables which were found significant (p value
≤0.05) in Univariate analysis were considered for multi‐variable analysis. The effect of universal
confounders such as age and gender were adjusted for in the multivariable model regardless of
their statistical significance in bi‐variate analysis. Clinical relevance and evidence from literature
were also considered in choosing variables for the multiple regression analysis.

A series of multivariable model (Model 1 to Model 4) were conducted. Variables that were
considered for multivariable modeling were as follows: age, gender, immigration status, birth‐
country regions, place of diagnosis, culture status, completion of treatment successfully,
adherence to treatment, drug abuse, alcoholism and HIV/AIDS. The effect of “incomplete
treatment” and “non‐adherence to treatment” was evaluated in a separate multivariable model
in the presence of similar controlling variables. Immigration status and birth country regions
were not considered together in model building process. Model 1 and Model 2 included
variable “immigration status” whether Model 3 and Model 4 included “birth country regions”
rather than immigration status. Similarly, Model 1 and Model 3 evaluated the effect of
“Incomplete treatment” and Model 2 and Model 4 evaluated the effect of “non‐adherence to
treatment”. Otherwise, variables that were considered in these four multivariable models were
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the same. The strength and magnitude of the association between incidence of recurrence and
the risk factors was expressed in terms of a hazard ratio with 95% confidence intervals.
Variables were considered significant if the 95% confidence interval did not contain one. Two
additional analyses were conducted for this study‐ one among patients who successfully
completed their TB treatment during the primary episode and other analysis among patients
who were identified as recurrent TB cases using rigid criteria (more than 6 months of inactivity
since treatment end).

For socio‐demographic, diagnosis and treatment related factors, the categories “unknown/not
known”, “not asked” and “uncertain” were treated as missing.

However, for co‐morbid

conditions, unknown/missing were combined with “no” response and treated as the reference
group in the analysis. SPSS (Windows 17.0 version) and S‐plus (Windows 8.1 version) statistical
packages were used to run these analyses.

2.3 RESULTS

2.3.1 Prevalence of Recurrence
During the study period (1990‐2006), 5433 cases of TB were registered with the TB Control
Division (DTB) at the British Columbia Center for Disease Control. Among them, thirty patients
were not considered in the current analysis because of unknown outcome status (new or
recurrent) or they were diagnosed as new cases before 1990. The characteristics of the study
cohort (n=5403) are described in Table (Appendix A.1). The mean age of the study cohort at
the time of diagnosis was 46 years while the median was 44 years with a range from 1 to 104
years. There was predominance of males (55%) in this TB cohort. Foreign‐born individuals
accounted for 67% of the total TB cases, while Aboriginal people and non‐aboriginal Canadian‐
born accounted for 13% and 16% respectively.
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Out of 5403 cases, 490 patients had at least one recurrent episode. Overall the recurrence rate
was 9.1 % (95% CI: 8.3%, 9.9%). The prevalence was the highest in 1990 (12%) and the lowest in
1995 (6%). Although the prevalence of recurrence was decreasing over time, using the chi‐
square test for trend, it did not reach statistical significance (p=0.39). The trend of recurrence
from 1990 to 2006 is presented in Figure 2.1. Comparisons of socio‐demographic characteristics
and treatment‐related behaviors between prevalent recurrent cases and new cases were
presented in the Appendix A (Table A.2 and Table A.3).

2.3.2 Incidence of Recurrence
Out of 5433 registered cases, 4464 cases were eligible for this study. In total, 969 TB patients
were excluded from the analysis. The reasons for exclusions were: primary episode before
1990, recent diagnosis as a new case, and unknown status of primary episode. A detailed
description of the study cohort is presented in Figure 2.2. During the study period, 108 (2.4%)
patients developed recurrent disease. The incidence was 370 cases per 100,000 person years. A
few patients had more than one recurrence but our analysis was limited to the 1st recurrent
diagnosis. According to calendar year, the most number of incident cases was 14 (5%) in the
year of 2000 followed by 12 (4%) cases in 2002. The trend of the incidence of recurrence is
shown in Figure 2.3. As expected no case was observed in 1990. The characteristic of the study
cohort is presented in Table 2.1.
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Figure 2.2: Trend of recurrent (prevalent) cases from 1990 to 2006 in British Columbia,
Canada

The median age at the time of 1st diagnosis was 45 years with an inter‐quarterlies range from
30‐66 years. This study cohort was over‐represented by foreign‐born people who contributed
two‐third of total cases while Canadian‐born non‐aboriginal contributed only one sixth of total
cases. In terms of ethnicity, the largest group was Chinese (23%) followed by Caucasian (18%).
In addition, 566 (13%) patients were of Aboriginal ancestry.
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Table 2.1: Characteristics of study cohort (N=4464)

Variables
Case Status
New cases
Incident recurrent cases
Cumulative Incidence
Overall
At first year
At 2nd year
At 5th year
Median follow up time (IQR)
All cases
Incident cases
New cases
Age at diagnosis (primary episode)
Mean (SD)
Median (IQR)
Biological gender
Male
Female
Birth place
Canadian‐ born non‐Aboriginal
Canadian‐ born Aboriginal
Foreign‐born
Unknown
Birth Country regions
PAHO
African Region
East. Mediterranean
European Region
Southeast Asia Region
Western Pacific Region
Unknown/missing
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino
Vietnamese
Other
Unknown/Missing
Place of Diagnosis (1st episode)
In BC
Inside of Canada, outside of BC
Outside of Canada
Unknown/Missing

N (%)
4356 (98%)
108 (2%)
Per 100, 000 PYs
370
854
1500
2400
Years
6.1 (2.1, 10.7)
2.1 (0.8, 4.5)
6.2 (2.2, 10.8)
Years
47.4 (21.8)
45 (30‐66)
2405 (54)
2059 (46)
754 (17)
566 (13)
2943 (66)
201 (4)
1403 (31)
81 (2)
101 (2)
225 (5)
639 (14)
1762 (40)
253 (6)
803 (18)
566 (13)
1047 (23)
704 (16)
351 (8)
265 (6)
442 (10)
286 (6)
3909 (88)
5 (<1)
162 (4)
388 (8)
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Variables

N (%)

Marital status
Single
Not single
Other
Unknown/Missing

1992 (22)
1321 (30)
221 (5)
1930 (43)

Table 2.2: Occurrence of incident recurrent cases (n=108) over the follow‐up period (interval
between treatment completion time and date of recurrence)

Number of cases
Percentage of total
incident cases
Cumulative Percentage
of total incident cases

Within 6
months

Between
6 ‐12
months

Between
12‐24
months

Between
24‐36
months

Between
36 ‐48
months

Between
48 ‐60
months

After 60
months

14

18

21

17

9

4

25

13%

17%

19%

16%

8%

4%

23%

13%

30%

49%

65%

73%

77%

100%

The median follow up for the entire cohort was 6.1 years and was 6.2 years for new cases. The
median time to recurrence after treatment completion was 2.1 (IQR: 0.8‐4.5) years. Table 2.2
presents the occurrence of recurrence during the follow‐up period. About 30% of recurrence
cases occurred within 1 year and 60% within four years of treatment completion. Twenty‐five
(23%) cases developed recurrence even after the five years of follow up. Table 2.3 presents
time of recurrence among foreign‐born patients since their arrival in Canada. About 52% of
recurrence occurred within four years of arrival among overseas patients (Table 2.3).
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Figure 2.3: Trend of incident recurrent cases in British Columbia from 1990 to 2006

Table 2.4 presents unadjusted hazard ratios and the corresponding 95% confidence interval for
the socio‐demographic determinants for the development of recurrence. Compared to
Canadian‐born non‐aboriginal, foreign‐born people (UHR: 2.52) were three‐fold higher risk to
have recurrence. As expected, the risk of recurrence was 4 times higher among patients born in
African countries, twice as high in patients from Southeast Asia and also from the Western
Pacific region compared to patients born in the Pan‐American region. In terms of ethnicity,
Chinese (UHR: 2.84), Filipino/Vietnamese (UHR: 2.89) and Southeast Asian (UHR: 2.84) had
significantly higher risk to have recurrence compared to Caucasian subjects. Aboriginal people
had an elevated risk of having recurrence (UHR=1.75, 293 per 100, 000 PYs) compared to non‐
Aboriginal Canadian, but the 95% CI of the corresponding HR contained one. Patients whose
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primary diagnosis took place outside of BC were fifteen‐times (UHR=14.82) more likely to
develop recurrence compared to patients who were diagnosed locally.

Table 2.3: Occurrence of recurrence (incidence) among foreign‐born individuals (n=87) since
their arrival in Canada

Primary Episode

Number of cases
% of total incident
cases
Cumulative % of
total incident cases

Before
arrival

Same
year

1 year
Interval

2 year
Interval

3 year
Interval

4 year
interval

5 year
interval

After 5
years

30

12

5

4

0

3

1

32

35%

14%

6%

5%

0%

3%

1%

36%

49%

55%

60%

60%

63%

64%

100%

Recurrent Episode
Number of cases

‐

11

14

9

5

6

3

39

% of total incident
cases

‐

13%

16%

10%

6%

7%

3%

45%

Cumulative % of
total incident cases

‐

13%

29%

39%

45%

52%

55%

100%
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Table 2.4: Comparisons of socio‐demographic characteristics between TB patients who
developed a recurrence (n=108) and who did not (n=4356)

Variable

Incidence of recurrence
Overall (all cases)
Culture positive cases
Cases who completed treatment
successfully3
Age at diagnosis (primary episode)
Mean (SD)
Biological gender
Male
Female
Birth place
Canadian born non‐Aboriginal
Canadian born Aboriginal
Foreign born
Birth Country regions
PAHO
African Region
East. Mediterranean and Europe
Southeast Asia Region
Western Pacific Region
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino/Vietnamese
Other Ethnicity
Unknown/missing
Marital status
Single
Not single
Place of initial diagnosis
In BC
Outside of Canada4

Number of
Incident
cases/Total
person years

Incidence
per 100, 000
person years

Unadjusted Hazard
Ratio (95% CI)

108/29178
63/21064
73/27174

370
299
269

Years
43.3 (19.2)

Years
47.5 (21.9)

1.00 (0.99, 1.00)

53/14851
55/14328

357
384

Reference
1.08 (0.74, 1.58)

9/5197
12/4095
87/19363

173
293
449

Reference
1.75 (0.74, 4.14)
2.52 (1.27, 5.00)

22/9797
5/533
2/2276
20/4013
59/11898

225
939
88
498
496

Reference
4.0 (1.51, 10.56)
0.39 (0.09, 1.65)
2.07 (1.13, 3.79)
2.13 (1.30, 3.47)

9/5468
12/4095
31/7102
23/4611
21/4232
8/2698
4/971

165
293
436
499
496
296
412

Reference
1.80 (0.76, 4.26)
2.54 (1.21, 5.34)
2.84 (1.31, 6.31)
2.89 (1.32, 8.82)
1.68 (0.65, 4.35)
‐

16/8440
33/10836

190
305

Reference
0.65 (0.36, 1.17)

67/27402
41/1104

245
3715

Reference
14.82 (10.04, 21.87)

3

‐Recurrence among patients who completed initial treatment successfully was termed as relapse in several
studies
4
‐Outside of Canada also included patients who were diagnosed outside of BC, but within Canada (only few cases
belong to this category‐ outside of BC, but within Canada)
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Table 2.5: Comparisons of treatment and related factors between TB patients who developed
a recurrence (n=108) and who did not (n=4356)

Variable

Duration of Treatment
Mean (SD)
Median (IQR)
Rx completion of primary episode
Completed successfully5
Incomplete
Rx compliance of primary episode
Complaint
Non‐compliant
Major mode of Treatment at primary episode
Supervised
Self‐administered
Culture results at primary episode
Negative/no/unknown
Positive
Drug resistance status at primary episode
Sensitive
Mono/poly resistance
MDR
Disease type of initial episode
Pulmonary
Extra‐pulmonary
Both
Presence of Cavitations at initial episode
Yes
No

5

Number of
Incident
cases/Total
person years

Incidence per
100, 000
person years

Unadjusted
Hazard Ratio
(95% CI)

Years
0.67 (0.39)
0.65 (0.50, 0.83)

Years
0.68 (0.31)
0.67 (0.50, 0.81)

73/27174
24/1621

269
1480

Reference
5.62 (3.54, 8.92)

65/27487
18/1139

236
1581

Reference
6.53 (3.88, 11.01)

18/5893
56/22265

305
252

Reference
0.78 (0.46, 1.33)

45/8114
63/21064

555
299

1.96 (1.36, 2.93)
Reference

55/19104
7/1755
1/70

288
399
1420

Reference
1.40 (0.64, 3.08)
3.85 (0.53, 27.83)

65/19203
37/8661
6/1315

338
427
456

Reference
1.29 (0.86, 1.93)
1.30 (0.56, 2.99)

4/838
74/28213

477
262

1.26 (0.46, 3.47)
Reference

0.48 (0.22, 1.08)

‐This represents relapse, which was also used as a global measure of recurrence
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Table 2.6: Comparisons of co‐morbidity and other clinical characteristics between TB patients
who developed a recurrence (n=108) and who did not (n=4356)

Variable

Diabetes Mellitus
Yes
No/unknown
Malnutrition
Yes
No/unknown
Alcoholism
Yes
No/unknown
Drug abuse
Yes
No/unknown
Either HIV or AIDS
Yes
No/unknown
Any Malignancy
Yes
No/unknown
Immunosuppressive medication
Yes
No/unknown
Chronic Renal failure
Yes
No/unknown

Number of
Incident
cases/Total
person years

Incidence per
100, 000
person years

Unadjusted Hazard Ratio
(95% CI)

5/1714
103/27464

292
375

0.75 (0.30, 1.83)
Reference

2/239
106/28939

835
366

2.17 (0.54, 8.80)
Reference

7/1390
101/27781

504
364

1.39 (0.64, 2.98)
Reference

12/731
96/28434

1641
338

4.28 (2.35, 7.81)
Reference

14/838
94/28285

1670
332

4.28 (2.47, 7.40)
Reference

2/378
106/28804

529
368

1.37 (0.34, 5.53)
Reference

4/479
104/28699

835
362

2.10 (0.77, 5.71)
Reference

2/237
106/28941

845
366

2.24 (0.55, 9.08)
Reference

Table 2.5 presents the hazard of recurrence from Univariate Cox regression model for
treatment and related factors. The factors that had the largest effects on recurrence were
incomplete treatment (UHR: 5.62), and poor compliance to treatment (UHR: 6.53). TB patients
with negative or without culture (UHR=1.92) were two‐fold more likely to have recurrence
compared to culture positive TB patients. However, the mean duration of treatment and major
mode of treatment was similar among new and recurrent cases. In terms of diagnosis related
factors, no significantly elevated risk of recurrence was observed among patients with EPTB and
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patients with Cavitations. The impact of co‐morbid factors on the incidence of recurrence is
presented in Table 2.6. The relative hazard associated with drug abuse (UHR: 4.28) and positive
HIV status (UHR: 4.28) were significantly higher among recurrent cases.

The multivariable Cox regression showed that foreign‐born individuals, place of diagnosis,
incomplete treatment, poor‐compliance with treatment, drug abuse and positive HIV status
were consistently significant risk factors for recurrence (Table 2.7). Variables that did not reach
statistical significance in multivariable models were age, gender, being culture positive and
alcoholism. Table 2.8 presents findings from the analysis was restricted to patients who
successfully completed their treatment during 1st episode. Variable that was significant in
univariate Cox regression were foreign‐birth, born in African, Southeast Asia and Western
Pacific regions, diagnosis of TB outside of BC, positive HIV status and substance abuse.

Since information about co‐morbidities was limited in terms of missing observations, a
sensitivity analysis was conducted among patients with valid responses to the presence co‐
morbid conditions. Results of this analysis are presented in the appendix (Table A.4 and Table
A.5). Additional Cox Regression analysis was conducted among a selective group of recurrent
patients based on stricter definition criteria (who had a period of inactivity over 6 months).
Results of this additional analysis are presented in the Appendix A (Table A.6). Comparisons of
treatment completion and poor‐compliance rates across several risk factors are also presented
in Appendix (Table A.7).
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Table 2.7: Multivariable cox regression analysis of risk factors for recurrence

Variable

Age at primary episode (per year)
Biological gender
Male
Female
Birth place
CB6 non‐Aboriginal
Canadian‐born Aboriginal
Foreign‐ born
Birth Country regions
Pan‐American Health Region
African Region
East. Mediterranean/Europe
Southeast Asia Region
Western Pacific Region
Place of Diagnosis
Outside of Canada7
In BC
Culture positivity
Positive
Negative/unknown
Rx completion of primary episode
Completed successfully
Incomplete
Rx compliance of primary episode
Compliant
Non‐complaint
Alcoholism
Drug abuse
Either HIV or AIDS

Model 1
Adjusted
Hazard Ratio
(95% CI)

Model 2
Adjusted
Hazard Ratio
(95% CI)

Model 3
Adjusted
Hazard Ratio
(95% CI)

Model 4
Adjusted
Hazard Ratio
(95% CI)

1.00 (0.99, 1.01)

1.00 (0.99, 1.01)

1.00 (1.00, 1.01)

1.00 (0.99, 1.01)

Reference
1.19 (0.79, 1.80)

Reference
1.34 (0.86, 2.08)

Reference
1.15 (0.76, 1.74)

Reference
1.26 (0.81, 1.97)

Reference
1.11 (0.46, 2.71)
2.62 (1.25, 5.46)

Reference
1.30 (0.54, 3.14)
2.63 (1.21, 5.72)
Reference
2.57 (0.82, 8.07)
0.78 (0.17, 3.56)
3.20 (1.43, 7.16)
3.82 (1.92, 7.56)

Reference
3.85 (1.28, 11.59)
0.38 (0.05, 2.97)
2.73 (1.18, 6.33)
2.94 (1.45, 5.93)

9.98 (5.97, 16.69)
Reference

5.07 (2.62, 9.84)
Reference

9.24 (5.50, 15.52)
Reference

4.59 (2.33, 9.03)
Reference

1.25 (0.76, 2.05)
Reference

1.35 (0.76, 2.40)
Reference

1.18 (0.72, 1.95)
Reference

1.29 (0.73, 2.32)
Reference

Reference
4.29 (2.60, 7.08)

‐

Reference
4.64 (2.78, 7.68)

‐

Reference
3.98 (3.23, 7.10)
1.58 (0.64, 3.96)
2.50 (0.99, 6.29)8
4.97 (2.28, 10.87)

1.46 (0.62, 3.43)
2.68 (1.06, 6.76)
3.61 (1.69, 7.71)

1.84 (0.77, 4.41)
3.06 (1.13, 8.25)
4.16 (1.75, 9.87)

Reference
4.04 (2.24, 7.26)
1.76 (0.69, 4.44)
3.14 (1.18, 8.31)
4.63 (1.99, 10.82)

6

‐CB: Canadian‐born
‐ Outside of Canada also included patients who were diagnosed outside of BC, but within Canada (only few cases
belong to this category‐ outside of BC, but within Canada)
8
P value was 0.052
7
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Table 2.8: Incidence of recurrence across several risk factors among TB patients who
successfully completed treatment during the primary episode (n=3529)

Overall

Number of
Incident
cases/Total
person years

Incidence
per 100,
000
person
years

73/27174

269

Unadjusted
Hazard Ratio
(95% CI)

1.00 (0.99, 1.01)

Age at diagnosis
Male

36/13793

261

Reference

Female

37/13380

277

1.07 (0.68, 1.69)

Canadian‐born non‐Aboriginal

6/4737

127

Reference

Canadian‐born Aboriginal

6/3685

163

1.34 (0.43, 4.16)

Foreign‐born

61/18795

325

2.53 (1.09, 5.84)

Pan‐ American Health Region

12/8874

135

Reference

African Region

3/3502

597

4.22 (1.19, 14.97)

Eastern Mediterranean and European Region

1/12253

44

0.40 (0.04, 2.61)

Southeast Asia Region

12/123901

308

2.13 (0.96, 4.74)

Western Pacific Region

45/11583

389

2.78 (1.47, 5.25)

In BC diagnosis

50/25564

196

Reference

23/979

2348

11.98 (7.31, 19.64)

Positive culture

49/19765

248

0.70 (0.43, 1.15)

Negative/no/unknown culture

24/7409

324

Reference

PTB

42/18001

233

Reference

EPTB

29/7906

367

1.60 (1.00, 2.57)

PTB & EPTB

2/1267

158

0.55 (0.16, 2.67)

Diagnosis outside of Canada9

9

‐ Outside of Canada also included patients who were diagnosed outside of BC, but within Canada (only few cases
belong to this category‐ outside of BC, but within Canada)
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Number of
Incident
cases/Total
person years

Incidence
per 100,
000
person
years

Unadjusted
Hazard Ratio
(95% CI)

Cavitations yes

2/801

250

0.80 (0.19, 3.27)

Cavitations no

56/26306

213

Reference
1.53 (0.66, 3.55)

Rx duration (per year)
59/27037

218

Reference

2/394

507

2.20 (0.54, 9.01)

Supervised

15/5470

274

Reference

Self‐administered

38/21295

178

0.62 (0.34, 1.13)

Diabetes mellitus

4/1640

244

0.88 (0.32, 2.40)

Malnutrition yes

1/201

498

1.75 (0.24, 12.57)

Alcoholism yes

4/1191

336

1.26 (0.46, 3.45)

HIV/AIDS positive

4/601

666

3.95 (1.96, 7.94)

Drug abuse yes

9/707

1273

3.42 (1.48, 7.89)

Malignancy yes

2/370

540

2.10 (0.52, 8.59)

Compliant
Non‐compliant

2.4 DISCUSSION
Between 1990 and 2006, recurrent cases of active TB accounted for 9% of the total active TB
cases reported in BC. In comparison to national data reported by Health Canada (6% to 12%),
BC had a higher relapse proportion (% total BC cases) for most calendar years (31). A higher
prevalence of recurrence continues to pose a concern to Canadian TB control programs
because it is a source of ongoing transmission of infection for new cases in the community.
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This is the first Canadian study which estimated the annual incidence of TB recurrence. The
crude incidence was 370 cases per 100,000 person‐years. The cumulative incidence at the first
year and 2nd year were 854 and 1500 per 100,000 pys respectively. This incidence is lower than
has been reported in other comparable studies. For example, the North American TB trial
consortium study 22 and 23 conducted by Jasmer and others reported a recurrence rate of
3800 per 100, 000 person‐years, which was ten times higher than our study (32). The incidence
of recurrence was 550 per 100,000 person‐years in a Brazilian study (33). The incidence varies
widely under study conditions due to differences in background prevalence of tuberculosis
(high vs. low burden countries), selected population (population based vs. institutional setting),
study design (clinical trial vs. observational studies) and criteria to define recurrence. Several
studies (9,15,19,34,35) reported recurrence of TB (which sometimes was termed as a relapse)
in patients whose treatment outcome was ‘cure’ and/or ‘treatment completed’. Our study
demonstrated that the recurrence rate was 269 per 100, 000 pys in patients who completed
their initial treatments successfully (which represents patients with cure and treatment
completed). A recent Australian study restricted to culture positive cases reported that the
crude annual incidence of recurrence was 71 per 100, 000 after completion of successful
treatment (8). Their rate was much lower (compared to current study) which shares a similar
profile with Canada in terms of TB incidence (In our study, the incidence among culture positive
patients who completed treatment successfully was 248 per 100,000 pys).

As expected, the incidence of recurrence was much higher in subjects from countries with a
high incidence of TB. For example, a recent study conducted in a high‐burden setting
(Karakalpakstan, Uzbekistan) reported a high level of recurrence (36%) among patients who
were treated in the framework of a DOTS program (19). A Vietnamese study reported a relapse
rate of 9% among patients whose treatment outcome was documented as ‘cure’ (34). In
another study from Vietnam, the investigators reported a 13 % relapse rate among defaulters
or participants who had transferred out (36). The reported recurrence rate after treatment
completion in a systematic review (37) based on controlled trials (2290 per 100,000 at first
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year) and observational studies (7850 per 100,000 at first year) were much higher than in the
current study.

A recent population based study conducted in South Carolina reported an overall recurrence
rate of 2.9% over a period of 33 years (1970 to 2002), but did not provide any incidence
estimates (38). It must be noted, a wide discrepancy exists in setting criteria to define recurrent
cases across studies, which makes comparisons difficult. However, this American study (38)
used a minimum 12 months inactivity period to define recurrent cases as recommended by
Center for Disease Control (CDC), Atlanta. One possible explanation of the low incidence in this
setting might be related to quality of heath delivery through a centralized system, which
ensures uniform prescription of standard treatment regimens.

Our study showed almost a quarter of recurrent cases occurred five years after treatment
completion. The time to recurrent diagnoses varies widely from across studies Clinical trials
usually follow patients for a shorter period and in addition more difficult subjects are often
excluded. In addition many trials now include DOTs as an integral part of the study protocol.
Therefore, their reported time to recurrence is based on one or two years. Most observational
studies have a longer follow up. Kopanoff and others found (30) that 30% of total recurrent
cases occurred within five years of their prior TB diagnosis and 48% occurred after 11 years.
Another American study conducted in the 1970s found the median interval between the
original diagnosis and recurrence was 14 years (23). The Division of TB control in BC does active
surveillance of patients post treatment completion from several months to several years
depending on the severity of initial episode and associated medical conditions. Physician should
keep in mind that recurrence could occur a long period after the initial episode.

Several factors consistently emerge in this study as having a strong impact on recurrence in
multivariable setting: foreign‐birth, place of initial diagnosis, failure to complete initial TB
therapy, poor compliance to such therapy, positive HIV status and substance abuse. This study
demonstrated that foreign‐born people experience a significant, two‐fold higher risk of
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recurrence compared to Canadian‐born people. Although foreign‐born people bear a
disproportionate burden of TB in both USA and Canada, their increased risk of recurrence was
not consistently found in American studies. One American study demonstrated that foreign‐
born people were more likely to have recurrence (38) while another American study conducted
in New York City demonstrated contrasting findings that US‐born people were more likely to
have recurrence (9).

This study identified a particular group of TB patients with a very high risk of recurrence (about
40% of total recurrence occurred in this group). Patients whose initial diagnosis took place
outside of Canada had at least five times higher risk of recurrence compared to patients with a
diagnosis in BC. This was more reflective of patients who were born outside of Canada with a
prior history of TB. Vancouver (the largest city of BC) is a place of immigrants, especially from
Asian countries (such as China, Vietnam, Hong Kong, Philippines and India). Resources and
infrastructure for TB‐control programs are severely limited in these countries. Persons treated
for TB in these countries may receive inadequate or incomplete treatment. This puts foreign‐
born persons at greater risk for disease recurrence. Moreover, in foreign‐born TB patients,
about 45% of recurrence occurred within three years since their arrival in Canada. These
findings have significant policy implications to local TB control program. This offers an
important body of evidence to prioritize the development and implementation of effective
screening and treatment protocols for this high risk group (foreign‐born patients with prior
history of TB at their host country) since their arrival in Canada. Interventions such as
aggressive monitoring, post‐arrival active surveillance and prophylaxis should be prioritized in
the current TB control program.

This study demonstrated that patients with incomplete therapy were four to five fold more
likely (1680 vs. 269 per 100,000 pys) to have recurrence compared to patients who had
completed their initial treatment regimen successfully. The effect of incomplete treatment
remained significant in all multivariable models. This result is expected and similar findings have
been widely documented in previous studies (7,23,30,38). Incomplete therapy leads to
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inadequate bacteriological cure, which eventually increases TB patients’ vulnerability for a new
episode of active TB. A recent study conducted in Vietnam reported a 13% recurrence among
patients who defaulted or transferred out. This rate could be much higher in an area burdened
by high HIV infection. For examples, the study by Verver et al in South Africa reported a much
higher recurrence (28%, 6500 per 100, 000 person‐years) among those who defaulted from
treatment (7). The effects of incomplete therapy were well documented in studies conducted
pre‐HIV era (23). Although many current studies investigate recurrence rates among patients
who either completed therapy for their primary episode or were declared cured following initial
treatment, treatment effects are also reported in several recent studies. For example, a recent
American study reported that patients with sub‐optimal regimens were six time more likely to
have recurrence compared to patients who completed therapy within the optimal timeframe
(38). The study of Kopanoff and others demonstrated that 20% of total patients had not
received any chemotherapy and another 20% had received inadequate chemotherapy (30). In a
commentary, Bloom and Murray reported that about 35‐50% of patients from several American
cities did not complete an appropriate TB regimen (39).

This study demonstrated that poor compliance was one of the strongest risk factors for
recurrence. This finding has been consistently and widely documented in previous studies
(9,30,38,40). Kopanoff and others demonstrated a high rate of non‐compliance among their
recurrent cases (198/477) (30). Non‐compliance has been a long‐standing issue and an on‐going
problem for TB control. Both older and more recent studies identified non‐compliance to initial
TB treatment as the most threatening problem for recurrence (9,30,38,40). Non‐compliance to
TB treatment has increased substantially due to an increased prevalence of drug abuse,
alcoholism, HIV infection and homelessness (41). This study also demonstrated a significantly
higher rate of poor adherence among those reported as having alcoholism and drug abuse
(Table A.7 in the appendix).

Despite increased efforts, non‐completion of treatment and non‐adherence to treatment are
reasons for concern in resource‐rich countries like Canada. Interventions such as enhanced
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surveillance activities and aggressive monitoring targeting high‐risk patients (who default or did
not comply the initial therapy) should be prioritized to the current TB control program.
Moreover, efforts including involvement of well‐trained and committed outreach workers,
offering of incentives (such as bus tickets and meal voucher), increased education for
patients/family members and forceful confinement for defaulters are needed in order to
improve adherence to treatment to prevent the recurrence of TB. Improved understanding and
identifying patients with risk of non‐adherence at early stage could potentially improve the
treatment outcome.

As expected, this study also observed a significantly higher recurrence rate among patients who
had HIV infection (1680 per 100, 000 pys). In the era of HIV, the effect of HIV on increasing TB
recurrence have been reported in many studies (42,43). However, the magnitude of effect
differs across studies depending on the background incidence of TB and HIV and treatment
regimens. The Kenyan study (42) reported a 34‐fold increased recurrence (16.7 vs. 0.5 per 100
PYs) among HIV positive patients. The Kinshasa study (43) demonstrated a relapse rate of 18.1
per 100 pys among HIV infected persons. Several studies also reported a relatively higher
recurrence rate and non‐compliance among HIV infected persons compared to non‐infected
patients, but the difference was not statistically different (14,16,17,44). This study did not
demonstrate a high effect of HIV infection like Kenyan study. This might be due to treatment
regimens containing rifampin as a potent sterilizing drug, which has been very effective in the
management of HIV co‐infected persons. The Ugandan study conducted by Johnson et al
among HIV co‐infected participants demonstrated that patients receiving thiacetazone
containing regimens were at increased risk of recurrence. Studies conducted by Hawken et al.
and Perriens et al. reported significantly higher relapse rates among patients whose regimens
contained thiacetazone in their continuation phase (42,43). These results also reflect the fact
that these are second line drugs

In this study, the incidence of recurrence (1670 per 100, 000 pys) among HIV co‐infected
patients was higher than with other risk factors. Treatment incompletion and poor‐adherence
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was significantly higher among those reported to be infected with HIV. Interventions targeting
HIV infected persons should be employed so that these high‐risk populations complete the
treatment regimens within an acceptable time‐frame and with good adherence.

This study demonstrated that the incidence of recurrence was very high among those reporting
a history of substance abuse (1641 per 100, 000 person years) which is almost five times higher
than the overall incidence. The effect of substance abuse has been consistently found in
previous studies (9,28), in particular in studies conducted in North America (9,45). Patients who
use injection drugs were more likely not to comply with recommended treatment regimens,
which increase the likelihood of recurrence. This study also confirmed that the rate of
treatment incompletion and poor‐compliance was significantly higher in this high risk of
population. A systematic approach in identifying patients with substance abuse and refereeing
them for appropriate interventions should be prioritized in the current TB control program.

Surprisingly, the present study identified that supervised therapy does not have a significant
impact on the development of recurrence despite several studies demonstrating the
effectiveness of supervised therapy in reducing relapse, emergence of drug resistance and
mortality (17,41,46,47). The study by Alwood et al. reported significantly higher treatment
completion among patients who received DOT compared to non‐DOT treatment (41). However,
in the current study, the incidence of recurrence was slightly higher among patients who were
administered supervised therapy. The rate of non‐compliance was similar in both groups (11%
vs. 11%). Poor‐compliance and non‐completion of treatment were the most important
predictors of recurrence. The purpose of supervised therapy is to improve the rate of
adherence, and eventually increase the treatment completion rate. In the current study, the
administration of supervised therapy did not lead to a higher compliance rate when compared
to reported self‐administered therapy, and therefore failed to demonstrate a significant effect
on recurrence. Administration of anti‐TB therapy was not random in this setting, rather than it
was selective in nature. Patients that were deemed to have a high risk of recurrence often
received supervised therapy.
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Since the introduction of Directly Observed Therapy (DOTS), it has become the cornerstone of
TB treatment strategies. Although the WHO strongly recommends using DOTS under program
conditions, the effectiveness of DOTS was not consistently documented in previous reports. A
number of clinical trials conducted in high incidence settings such as India, Pakistan, and
Thailand demonstrated DOTS inability to achieve the expected treatment outcome (48‐50). The
controlled clinical trial in India, which evaluated three oral short course regimes, showed a
significantly lower relapse rate among the unsupervised treatment arm (48). This study
concluded partially or completely unsupervised treatment regimen as a viable alternative in
resource poor settings (48). However, a study in Uzbekistan (19) reported a very high rate of
recurrence and mortality among patients who were successfully treated with standard
chemotherapy under the DOTS program. A recent American study reported that recurrence
was 3.3% (78/2344) among patients who received DOTS, and higher than their overall
recurrence rate 2.3% (123/4571) observed in the same study (9). Another study conducted in
San Francisco reported similar rates of relapse, treatment failure and acquired drug resistance
among patients who received DOTS therapy and among those who received self‐administered
therapy (32).

Although the effect of drug resistance, in particular multi‐drug resistance (MDR) has been
significant in other studies (19), our study could not confirm this finding. Recurrence was higher
among drug resistant cases compared to sensitive cases and much higher in MDR cases, but the
differences were not statistically significant. Low number of MDR cases might be lead to this
non‐significant association. However, other potential explanation would be better management
of TB cases through this specialized center and in particular its use of a dedicated TB ward
which provides treatment for drug resistant cases, thus further preventing the recurrence
among drug resistant cases.

Presence of cavitations on chest radiograph has been frequently observed as a risk factor of
relapse (10,51). This study could not demonstrate any significant association between the
presence of cavitations and recurrence. Several African studies also reported no increased risk
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of recurrence among patients with residual cavitary disease. Treatment with potent sterilizing
TB drugs such as rifampin and pyrazinamide might increase the likelihood of persons with
cavitations being more successfully treated and hence reduce the risk of recurrence. Another
reason might be related to the use of potent sterilizing drugs that killed all potential organisms,
which would have otherwise caused further recurrence (53).

A particular strength of this study is the use of population‐based data under program
conditions. These data are more representative of real life settings when compared to data
from clinical trials. This study followed patients for a maximum period of 17 years, one of the
longest periods of time for observational studies on recurrence. TB is a notifiable disease in
Canada and TB control activities in this province are centralized. It is unlikely that this provincial
TB control program missed any potential subjects who developed TB while living in British
Colombia. Because of information from real‐life settings and our large sample size (over five
thousand patients), the findings of the current study are more robust and useful to health
policy makers. The confidence intervals for most findings were relatively small, providing
additional support for the significance of the findings.

This study has several limitations. Due to passive nature follow up, this study might not account
for a few recurrent cases which have moved from BC, which might lead to an underestimation
of incidence. A study conducted by Moran et al. 2004 in BC among TB contacts showed that
migration of TB patients was low (54).

The criteria set by World Health Organization (WHO) to define treatment cure or completion
could not be applied in this study. The inability to have treatment outcome information, which
is not systematically recorded in the current database, might make the findings less comparable
to other studies based on WHO criteria. Since bacteriological confirmation was not
systematically recorded during the study period, we could not categorize patients into relapse,
failure and default to be consistent with the WHO. However, treatment related information
was available from 1990‐2006. The treatment completion also included physician judgment on
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the clinical cure of patients. It is expected that the variable completion of treatment used in this
study is more representative of both treatment cure and completion. Several studies reported
no significant differences in recurrence rate among these two groups‐ cure and treatment
completed (10). We do not think that difference in methodology have substantially affected our
risk ratio estimates.

Another limitation of this research project was the percentage of missing observations. The
percentage of incomplete information was low for socio‐demographic characteristics. However,
the frequency of missing observations was much higher for co‐morbid conditions. We assumed
that patients with incomplete responses were more representative of patients with “No”
responses due to nature of collection of information followed in the TB control program.
Therefore, the effect of co morbidity was evaluated in comparison to patients with valid
responses and patients with unknown status. However, we also conducted separate multi‐
variable model restricting to patients with a valid response (yes or no) for each co‐morbid
condition. Although the magnitude of association differed, the patterns of significant variables
were similar (Table A.4 and Table A.5) in both scenarios.

2.5 CONCLUSIONS
This study shows that the incidence of TB recurrence is low in BC. However, it is not as low as in
a recent Australian study. The stable prevalence of recurrence is an issue of concern due to this
being a source of ongoing increased risk of infection. This study identified several important risk
factors for recurrent TB in a population‐based cohort. Treatment related factors such as
incomplete treatment and poor‐adherence to treatment were the strongest predictors of
recurrence. Development and implementation of effective interventions which work to
enhance completion rates and compliance to TB treatment are urgently required in order to
prevent recurrence. Besides treatment factors, foreign‐birth, place of diagnosis and HIV/AIDS
consistently emerged as risk factors contributing to the burden of recurrence. This study also
provides an empiric evidence to prioritize the development and implementation of effective
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screening and treatment protocols for foreign‐born patients with prior history of TB at their
host country. This very high risk group of patients should be monitored aggressively since their
arrival in Canada.

Several behavioral factors such as substance abuse and alcoholism, which were associated with
higher incompletion rates and poor adherence to treatment, were more frequent among
patients with recurrence. These behavioral factors including poor adherence to treatment are
subject to modification. Efforts should be made to improve the adherence rates of patients
through involvement of well‐trained and committed outreach workers. In addition,
interventions targeting these high‐risk populations would be valuable in the elimination of TB
from Canada.
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CHAPTER 3: A POPULATION BASED STUDY OF TUBERCULOSIS
RECURRENCERELAPSE VERSUS REINFECTION10

10

‐“A version of this chapter will be submitted for publication. Moniruzzaman, A. Kazanjian, A. Wong, H. Elwood,
R.K. Rodrigues, M. Tang, P, Sharma, M and FitzGerald, J. M. (2010) Recurrence of Tuberculosis: Relapse vs.
Reinfection.”
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3.1. INTRODUCTION
Recurrence refers to a new episode of tuberculosis (TB) after the prior episode has defined as
cured or inactive. Recurrence may be due to either endogenous reactivation (relapse) or
exogenous reinfection (reinfection). If both the recurrent episode and primary episode of TB
are caused by the same strain of TB bacillus, then it is considered to be a relapse. However, if
different strains are found for both episodes, reinfection is considered the likely mechanism.
Although complex, it is important to know whether recurrence is linked to an ongoing
community transmission (i.e., reinfection) or acquired through individual host mechanism (i.e.,
relapse). A patient living in a community that has a high prevalence of TB infection is at an
increased risk for a new episode of active TB. Reinfection is thus an important indicator of
community transmission. A precise estimate of the extent of reinfection existing in specific
communities is vital when attempting to prioritize control efforts (e.g., effective detection and
management of contagious cases) to decrease the number of cases with new infection and
reinfection.

It is noteworthy to mention that the relative contribution of reinfection to recurrence has direct
implications on policy‐making and effective allocation of resources for TB control and
prevention, such as the development of an improved vaccine against TB (1,2). If the infection
from the first episode does not provide protective immunity against a new strain of
Mycobacterium tuberculosis, the development of new TB vaccines based on existing knowledge
of host defenses becomes challenging (1‐3). Moreover, if reinfection is a frequent cause of
recurrence, then the evaluation of TB treatment regimens used in clinical trials becomes
problematic because it can be difficult to determine their effectiveness (i.e., successfully
treated patients may unknowingly become re‐infected during or after the study during the
follow up period) (4). This type of information is vital to the development of efficient and
effective TB management programs.

The relative contribution of relapse and re‐infection as a cause of recurrence has been an issue
of fundamental debate for many decades because both types of recurrence are not clinically
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distinct (1,2). Studies published in the last few decades described relapse exclusively as the
mechanism for recurrence (4‐6). During this period, TB researchers were limited in resources or
access to techniques that could differentiate relapse from re‐infection. However, with the
advent of molecular epidemiology techniques, it is now possible to make quantitative
assessment of the contribution of re‐infection to recurrence.

To date, few studies have been conducted to explicitly examine the contribution of re‐infection
to TB recurrence. The relative contribution of re‐infection varies widely (0‐100%) across the
studies that have been conducted (4,6‐19). The majority of these studies have been conducted
on selected populations and reported only the proportion of recurrence due to re‐infection (no
incidence estimate of re‐infection was available).

A recent systematic review (1) on re‐infection raised concern about the quality of supporting
evidence presented in many studies. The authors of this review strongly recommended that
future studies in this field utilize a more rigorous methodology to allow for an improved
understanding of the possible mechanisms of recurrence. Although studies have been
conducted in several countries (mostly in the developed world), similar information is not
available in Canada. A study (18) on re‐infection was recently conducted across North America
among patients participating in a clinical drug trial, no specific estimates were provided for
Canadian patients. In addition, no formal investigation of re‐infection has been conducted in
British Columbia. The objective of this study is to investigate the relative frequency of relapse
vs. re‐infection as a mechanism of recurrence and to estimate the incidence of relapse and re‐
infection separately.

3.2 METHODS
The Provincial TB service (TB Control Division) at the British Columbia Centre for Disease
Control (BCCDC) acts as a referral centre for the prevention, control and treatment of TB and
latent TB infection in British Columbia (BC). TB control activities in BC are centralized; therefore,
69

this center maintains a central registry that includes information on all TB patients diagnosed in
this province. In addition, all mycobacteriology tests are coordinated by this center. The BCCDC
TB laboratory, which performs all culture and drug susceptibility tests, also serves as the
reference lab for this province. Since 1995, TB laboratory preserves all positive isolates that had
drug susceptibility testing. Therefore, this study was restricted to TB patients who were
diagnosed from 1995 to 2006. Using the myco‐bacteriological records, all patients with positive
culture for MTB complex from 1995 to 2006 were identified and included in the study. Patients
who were diagnosed as new cases in 2005 and 2006 were excluded from the analysis. In
addition, recurrent cases that had a primary episode before 1995 were not accounted in this
study.
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Figure 3.1: Study population
3621 TB Cases between 1995 and 2006
Excluded

Recently (in 2005 and 2006)
diagnosed new cases (n=557)

Total TB cases between 95 and 04 (3061)

Excluded

Cases with Culture negative or no
culture (n=639, 21% of total cases)

Study Cohort for Reinfection/Relapse: Culture Positive Cases (n=2425)

Successfully treated
(n=1897, 78%)

Incomplete treatment
(n=133, 6%)

35 recurrent cases (2%)

10 recurrent cases (7%)

18 culture positive
recurrent cases (0.84%)

8 culture positive recurrent cases (6%)
(Paired Isolates available for all cases)

Paired isolates
available for 16 cases

Total available paired
isolates =24

Treatment other
(n=395, 16%)

Identical MIRU
pattern = 22
Not identical MIRU
pattern=2
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3.2.1 Recurrent Cases
According to the Canadian Tuberculosis Reporting guidelines, all subjects who are diagnosed
with TB in Canada need to be reported to Heath Canada under the headings new or relapsed
(recurrent) cases. They define a recurrent case as a TB patient with “documented evidence or
history of previously active tuberculosis which became inactive” (20). A TB patient who did not
have history of prior TB is termed as a new case. The BC TB control program follows the same
criteria set by Canadian Tuberculosis Reporting System to determine new and recurrent cases.
A recurrent case whose both primary and second episode occurred between 1995 and 2006
was only included in the current analysis. Recurrent cases that had positive culture for both
initial and recurrent episodes were identified and isolates from their positive cultures were sent
for DNA fingerprinting.

3.2.2 Followup Time
For each TB patient, person‐time was estimated from the interval between time 1 and time 0.
Treatment end date of the primary episode was defined as time zero. Time 1 was defined at the
time when patients were censored. Recurrent cases were censored at the day of diagnosis of
recurrence. Patients without recurrence were censored when 1) death occurred, or 2) they left
the Province or 3) follow‐up ended (Study end date, 31st December, 2006). Patients who were
diagnosed post‐mortem (date of diagnosis and date of death was the same day) had
contributed zero follow up time.

3.2.3 Mycobacteriology
Mycobacterial culture (which is considered as the gold standard for a TB diagnosis) is routinely
performed for available specimens of all suspected TB cases in order to confirm the diagnosis.
Once culture of body fluids is reported positive for MTB complex, drug susceptibility testing to
first‐line antibiotics is performed on at least one isolate from each culture positive patient. In
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BC, routine susceptibility testing is performed for four drugs: rifampin, isoniazid, ethambutol
and streptomycin. The susceptibility testing for pyrazinamide is only carried out when subjects
are resistant to isoniazid or rifampin. In the BCCDC TB laboratory, the BACTEC radiometric
system is used to determine susceptibility using standardized techniques. The drug
concentrations used to identify resistant status were as follows: isoniazid: 0.1 µg/ml, rifampin:
2.0 µg/ml, ethambutol: 4.0 µg/ml and streptomycin: 2.0 µg/ml. This BACTEC method has been
used by the BCCDC laboratory since 1990 and has been demonstrated to be 100% sensitive in
identifying resistance to first‐line drugs (21‐23).

3.2.4 Culture and DNA Extraction
Using mycobacteriology data, recurrent TB patients who were culture positive during initial and
recurrent episode were identified. Clinical specimens from these culture positive patients were
processed using standard methods. All this processing was performed at the BCCDC TB
laboratory. After maintaining all the required protocols, these isolates were sent to the
National Reference Mycobacterium Laboratory in Winnipeg for DNA fingerprinting.

3.2.5 DNA Fingerprinting
As a fingerprinting technique, mycobacterial interspersed repetitive unit‐ variable number
tandem repeats (MIRU‐VNTR) was applied in order to genotype the strain from each paired
isolates. Although the Restricted Fragment Length Polymorphism (RFLP) method is the current
gold standard for the DNA fingerprinting, this method is subject to several limitations (24‐26).
RFLP not only involves large amount of DNA, but also requires extended technician time to
complete the test (25,26). On the other hand, MIRU which is as discriminatory as Restricted
Fragment Length Polymorphism (RFLP), has several advantages over RFLP such as being
convenient and less labor intensive (27‐30). Moreover, this genotyping test has ability to
discriminate isolates with low copy numbers of IS6110 (30). Recently, the Center for Diseases
Control (CDC) has adopted the MIRU‐VNTR method as the first‐line genotyping technique (31).
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Therefore, this method has been used in several recent molecular epidemiology studies (7,32).
If MIRU‐VNTR of the both paired isolates had similar patterns, the patient was documented as a
case of relapse. If the MIRU patterns were different for both isolates, the patient was classified
as a case of re‐infection. In addition to the DNA fingerprinting method, clinical characteristics of
each patient during the initial and recurrent episodes were evaluated to validate the
identification of relapse or re‐infection as a cause of recurrence. MIRU‐VNTR was performed in
National Reference Mycobacterium Laboratory in Winnipeg, Canada.

3.2.6 Variables Description
A detailed description of variables has been discussed in the previous chapter (Chapter 2). Only
several important variables will again be highlighted in this section. Age was calculated at the
time of diagnosis of the initial episode. Successful treatment was defined as patients who
received at least 6 months of TB therapy and were deemed to have clinical, radiological and
bacteriological improvement. On the other hand, incomplete treatment included patients who
could not complete treatment due to individual causes (such as clients’ decision not to continue
treatment, non‐compliance, lost to follow up). Patients who could not complete treatment due
to death or relocation out of province or due to the diagnosis post‐mortem or other reasons
were categorized as other. Patients who had been administered therapy supervised once daily,
supervised twice weekly and supervised thrice weekly were collapsed into supervised therapy.
Based on drug susceptibility testing results, patient were categorized into mono resistant
(resistance to a single drug), MDR (resistance to at least isoniazid and rifampin) and poly
resistant (resistance to multiple drugs, not MDR).

3.2.7 Statistical Analysis
An initial descriptive analysis for the study population was performed. Incidence of recurrence
was estimated per person‐year of follow up and expressed in terms of 100, 000 person‐years.
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3.3 RESULTS
3.3.1 Description of Study Cohort
Overall, 3621 TB cases were registered with the provincial TB control program during the study
period (1995‐ 2006). Among them, 557 new cases were excluded since they were diagnosed in
2005 and 2006. Out of 3064 eligible cases, 2425 (79%) cases were culture positive during their
initial episode. Although the characteristics of 3064 cases were presented in this study, the
primary analysis (estimation of re‐infection) was restricted to culture positive cases. Table 3.1,
Table 3.2 and Table 3.3 describe the characteristics of culture positive cases compared to all
cases, culture positive cases with successful therapy and cases with negative or no culture in
respect to socio‐demographic characteristics, treatment related factors and co‐morbidities.

The mean age of culture positive cases at the time of diagnosis was 50 years. There were more
male (53%) than female subjects. Foreign‐born individuals accounted for three quarters of the
total culture positive TB cases, while Aboriginal people and non‐aboriginal Canadian‐born
accounted for 12% and 14% respectively. In terms of birth country, almost half of patients
originated from the Western Pacific region. The distribution of age, gender and other socio‐
demographic characteristics were similar across the four patient groups (Table 3.1) except the
cases with negative or without culture were significantly older compared to the other groups.
In addition, culture negative/unknown patients differ substantially from other groups in terms
of location for the diagnosis of the primary episode. Outside of BC as a place of initial diagnosis
was mentioned for 13% cases among patients with culture negative or unknown status (1‐3%
for other three groups).
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Table 3.1: Socio‐demographic characteristics of study cohort
Variable

Age at diagnosis of primary episode
Mean (SD)
Median (IQR)
Gender
Male
Female
Birth place
Canadian‐ born non‐Aboriginal
Canadian‐ born Aboriginal
Foreign‐born
Ethnicity
Caucasian
Aboriginal
Chinese
South‐East Asian
Filipino
Vietnamese
Other
Birth Country based on WHO Regions
PAHO
African Region
Eastern Mediterranean and
European Region
Southeast Asia Region
Western Pacific Region
Place of initial diagnosis
Within BC
Outside of BC
Unknown/Missing

Total
cases
(3064)

Culture
positive
cases
(2425)

Culture
negative/
no
(639)

N (%)

Culture
positive
cases with
successful
treatment
(1897)
N (%)

N (%)
Years
48 (21.5)
45.5 (31‐66)

Years
50.2 (21.0)
47.3 (33‐68)

Years
48.9 (20.6)
46 .1 (32‐66)

Years
57.5 (21.8)
61.8 (38‐77)

1618 (53)
1446 (47)

1296 (53)
1129 (47)

971 (51)
926 (49)

322 (50)
317 (50)

468 (16)
321 (11)
2919 (73)

333 (14)
268 (12)
1701 (74)

261 (14)
192 (10)
1414 (76)

135 (22)
53 (9)
429 (69)

426 (14)
321 (11)
733 (25)
524 (18)
270 (9)
192 (6)
499 (17)

336 (14)
268 (12)
588 (25)
399 (17)
205 (9)
148 (6)
397 (17)

271 (15)
191 (10)
504 (27)
340 (18)
176 (9)
124 (7)
265 (14)

90 (15)
53 (9)
145 (23)
125 (20)
65 (10)
44 (7)
102 (16)

848 (29)
60 (2)
205 (7)

648 (28)
45 (2)
164 (7)

486 (26)
40 (2)
137 (7)

200 (33)
15 (2)
41 (7)

487 (17)
1293 (45)

387 (17)
1034 (46)

325 (18)
874 (47)

100 (16)
259 (42)

2580 (84)
103 (3)
381 (13)

2094 (86)
20 (1)
311 (13)

1636 (86)
15 (1)
246 (13)

486 (76)
83 (13)
70 (11)

N (%)

Among the culture positive cases, 2422 (79%) had a history of successfully completing therapy
for their initial episode whereas 133 (6%) had a history of incomplete therapy. The mean
duration of treatment of the initial episode for culture positive cases was 0.7 years (8 months).
Self‐administered therapy was administered to the majority of patients (70%) whereas
supervised therapy was administered to 13% of patients. Among patients whose drug
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susceptibility test results were available, 91% were sensitive, 1% had multi‐drug resistant (MDR)
and the remaining 8% had either mono or poly resistance. The frequency of treatment and
related factors, among the four groups of patients, were comparable (Table 3.2). The
percentage of missing observations for treatment completion (11 to 16%) and administration of
therapy (13 to 17%) did not differ substantially across the four groups. The median follow up
period for culture positive cases was 4.4 years whereas it was higher for cases with negative
culture or unknown culture status (5.4 years).

Overall, 7% patients were HIV positive and 5% patients had a history of substance abuse. The
prevalence of most co‐morbidity including HIV was lower among culture/no cases compared to
all other groups (Table 3.3). However, the distribution of these risk factors was similar among
all cases, culture positive cases and culture positive cases with successful treatment.

3.3.2 Recurrence
Out of 3064 cases, 71 (2.3%) patients had another episode of active TB during the study period.
Table 3.4 describes the incidence of recurrence, relapse and re‐infection among several groups.
Overall, the incidence of recurrence in this study cohort was 475 per 100, 000 person‐years.
Among initially culture positive cases, the total number of recurrent cases was 45 (1.9%).
However, the proportion of recurrent patients (26 cases) among cases with initially negative or
no culture results was high (4.1%) compared to culture positive cases. The incidence was
718/100,000 among culture negative/no culture cases and 397/100000 among culture positive
cases. The incidence among culture negative/no cases was the highest compared to other
groups and almost two times higher than that of culture positive cases. Out of 26 recurrent
cases that occurred among patients with culture negative/unknown status, 21 (81%) had a
history of initial diagnosis outside of Canada.
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Table 3.2: Treatment and other related characteristics of study cohort

Variable

Disease type
Pulmonary
Extra‐pulmonary
Both
Duration of Treatment in years
Mean (SD)
Median (IQR)
Rx compliance with primary episode
Yes
No
Unknown
Rx completion of primary episode
Completed successfully
Incomplete
Other/unknown
Main mode of Treatment
Supervised
Self‐administered
Unknown
Drug resistance status
Sensitive
Mono/poly resistance
MDR

Total cases
(3064)

Culture
positive
cases (2425)

Culture
negative/no
(639)

N (%)

Culture
positive cases
with
successful
treatment
(1897)
N (%)

N (%)
2041 (67)
853 (28)
170 (5)

1631 (67)
634 (26)
160 (7)

1280 (68)
496 (26)
121 (6)

410 (64)
219 (34)
10 (2)

0.67 (0.33)
0.63 (0.49‐0.80)

0.68 (0.33)
0.65 (0.50‐0.82)

0.75 (0.29)
0.72 (0.52‐ 0.85)

0.63 (0.30)
0.55 (0.49‐0.74)

2540 (83)
305 (10)
219 (7)

2007 (83)
245 (10)
173 (7)

1851 (98)
27 (1)
19 (1)

533 (83)
60 (9)
46 (7)

2422 (79)
176 (6)
466 (15)

1897 (78)
133 (6)
395(16)

‐

525 (82)
43 (7)
71 (11)

365 (12)
2171 (71)
528 (17)

319 (13)
1689 (70)
417 (17)

259 (14)
1394 (73)
244 (13)

46 (7)
482 (75)
111 (17)

2197 (91)
196 (8)
19 (1)

2197 (91)
196 (8)
19 (1)

1724 (91)
151 (8)
12 (1)

‐

N (%)

As expected, the incidence was lower (328/100,000) among culture positive patients who
completed their initial TB therapy successfully. The median time to recurrence for all recurrent
cases since their treatment completion was 1.8 years. However, the median time to recurrence
was lower for culture negative/no cases (1.3 years) compared to culture positive (1.5 years)
cases.
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Table 3.3: Co‐morbidity and behavioral characteristics of TB patients in BC between 1995 and
2006

Variable

Total cases
(3064)

Culture
positive cases
(2425)

Culture
negative/no
(639)

N (%)

Culture positive
cases with
successful
treatment (1897)
N (%)

N (%)
Diabetes Mellitus

192 (6)

175 (7)

139 (7)

17 (6)

Malnutrition

40 (1)

38 (2)

20 (1)

2 (<1)

Alcoholism
Drug abuse

147 (5)
140 (5)

133 (6)
132 (5)

86 (5)
72 (4)

14 (2)
8 (1)

Either HIV or AIDS
Any Malignancy
Renal failure
Immunosuppressive
medication

185 (6)
67 (2)
45 (2)
69 (2)

167 (7)
56 (2)
42 (2)
59 (2)

105 (6)
30 (2)
20 (1)
46 (2)

18 (3)
11 (2)
3 (1)
10 (2)

N (%)

3.3.3 Culture Positive Recurrent Cases
Out of 45 recurrent cases that occurred among culture positive cases, 26 cases were culture
positive at the time they presented with the recurrent episode. The incidence of culture
positive recurrent cases was 230 per 100,000 person‐years. The incidence was much lower (169
per 100, 000) among culture positive patients with a history of successful completion of their
initial TB treatment. This group had the lowest incidence of recurrence compared to all other
groups.

Among 26 culture positive recurrent cases, 24 cases had paired isolates available for DNA
fingerprinting. The remaining two culture positive cases were initially diagnosed outside of BC.
Therefore, their specimens were not available for DNA fingerprinting. In terms of clinical
specimen types available for DNA fingerprinting, 14 (58%) were sputum samples during the
initial episode and 16 (67%) during the recurrent episode. The median interval between two
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clinical lab specimens collection dates was 27 months with a minimum of 10 months and a
maximum period of 78 months. The median period between the last positive sample related to
the initial episode and, the sample associated with the recurrent episode was 26 months
(minimum and maximum: 9‐68 months).

The socio‐demographic, treatment and diagnosis related characteristics and co‐morbid
conditions of the 24 recurrent cases are presented in Table 3.6, Table 3.7 and Table 3.8. The
mean age at the time of recurrence was 59 years, which was much higher than that of all
recurrent cases. This recurrent cohort was over‐represented by Canadian‐born aboriginal (21%,
overall ‐ 8%) and Canadian‐born non‐aboriginal people (21%, overall‐ 5%). The majority of
patients (83%) were sensitive to first‐line drugs during their initial episode. Three patients (13%)
were either mono or poly resistant and one case (4%) was MDR. However, four out of 20
sensitive cases developed resistance when presenting with a recurrent episode (three was
mono‐resistant and one was MDR).

Out of these 24 recurrent cases, 16 cases occurred among patients who had history of
successful treatment for their initial episode and the remaining 8 cases occurred among those
who did not complete their initial TB regimen. The median time of recurrence (since treatment
completion was 18 (IQR: 7‐38) months. Six patients developed recurrence within six months of
treatment completion ‐ four among those who completed treatment successfully (Table 3.7,
Case # 3, 8, 14 and 17) and two among those who did not complete their initial treatment
successfully (Table 3.7, Case # 9 and 10). For Case # 9 and 10, the interval between the last
positive sample from the initial episode and the recurrent sample was 9 (treatment for 7
months) and 11 (treatment for 10 months) months respectively (Table 3.8).
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Table 3.4: Incidence of recurrence, relapse and reinfection

Variable

Total cases (3064)

Culture positive
cases (2425)

Culture positive
cases with
successful Rx
(1897)

Culture
negative/no/un
known (639)

Overall, number of recurrent cases

71/3064=2.3%

45/2425=1.9%

35/1897=1.8%

26/649=4.1%

Incidence per 100, 000 person years

475

397

328

718

Number of culture positive recurrent
cases
Incidence per 100, 000 person years

26/2425=1.1%

18/1897=1%

229

169

Relapse

22/2425=0.9%

16/1897=0.8%

Incidence per 100, 000 person years

194

150

Re‐infection

2/2425=0.08%

2/1897=0.11%

Incidence per 100, 000 person years

18

19

4.4 (1.7‐7.7)

5.4 (2.9‐8.3)

Median Follow up time (IQR) in years

4.6 (1.8‐8.0)

5.9 (2.6‐8.7)

81

Table 3.5: Characteristics of 24 culture positive recurrent cases with available DNA fingerprint
Variable

Age at recurrence
Mean (SD)
Median (IQR)
Years post initial episode
Mean (SD)
Median (IQR)
Gender
Male
Female
Birth place
CB non‐Aboriginal
CB Aboriginal
Foreign‐born
Birth Country by WHO region
PAHO
African Region
Eastern Mediterranean
and European Region
Southeast Asia Region
Western Pacific Region
Place of initial diagnosis
Within BC
Outside of BC
Marital status
Married
Single
Disease type of initial episode
Pulmonary
Extra‐pulmonary
Both
Duration of Treatment
Mean (SD)
Median (IQR)
Rx completion of 1st episode
Complete
Incomplete
Other/unknown
Rx compliance of 1st episode
Yes
No
Unknown
Major mode of Treatment of

(N=71)

Recurrence
among Culture
positive cases
(N=45)

Recurrence among
culture positive
cases with
successful
treatment
(N=35)

Culture positive
recurrent cases
with available DNA
fingerprint
(N=24)

Years
47.9 (20.2)
40.1 (30‐62)
Years
2.5 (2.3)
1.8 (0.8‐3.6)

Years
51.6 (20.6)
50.0 (36‐69)
Years
2.2 (2.0)
1.5 (0.6‐3.3)

Years
50 (21.2)
39.5 (33‐67)
Years
2.1 (2.1)
1.5 (0.6‐3.2)

Years
58.9 (19.4)
56.7 (39‐78)
Years
1.7 (1.5)
1.3 (0.5‐3.1)

32 (45)
39 (55)

20 (44)
25 (56)

16 (46)
19 (54)

13 (54)
11 (46)

5 (7)
6 (8)
60 (85)

5 (11)
5 (11)
35 (78)

2 (6)
3 (9)
30 (86)

5 (21)
5 (21)
14 (58)

11 (16)
4 (6)
1 (1)

10 (22)
2 (4)
1 (2)

5 (14)
2 (6)
1 (3)

10 (42)
2 (8)
0 (0)

13 (18)
42 (59)

7 (16)
25 (56)

5 (14)
22 (63)

5 (21)
7 (29)

45 (63)
26 (37)

40 (89)
5 (11)

31 (89)
4 (11)

24 (100)
0 (0)

17 (70)
7 (29)

11 (65)
6 (35)

11 (73)
4 (27)

3 (37)
5 (63)

43 (61)
24 (34)
4 (6)
Years
0.70 (0.44)
0.66 (0.50‐0.89)

23 (51)
19 (42)
3 (7)
Years
0.74 (0.51)
0.67 (0.50‐ 0.90)

19 (54)
15 (43)
1 (3)
Years
0.82 (0.50)
0.74 (0.53‐ 0.90)

14 (58)
7 (29)
3 (13)
Years
0.79 (0.66)
0.65 (0.51‐0.90)

51 (72)
16 (22)
4 (6)

35 (78)
10 (22)
0 (0)

‐

16 (67)
8 (33)
0 (0)

46 (65)
10 (14)
15 (21)

35 (78)
7 (16)
3 (7)

31 (89)
1 (3)
3 (8)

19 (80)
5 (21)
0 (0)

Total
recurrent
case
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Variable

Recurrence
among Culture
positive cases
(N=45)

Recurrence among
culture positive
cases with
successful
treatment
(N=35)

Culture positive
recurrent cases
with available DNA
fingerprint
(N=24)

7 (16)
33 (74)
5 (11)

6 (17)
24 (69)
5 (14)

6 (25)
18 (75)
0 (0)

37 (82)
7 (16)
1 (2)

30 (86)
4 (11)
1 )3)

2 (3)

1 (2)

0 (0)

20 (83)
3 (13)
1 (4)
1 (4)

9 (13)
10 (14)
2 (3)

7 (16)
8 (18)
2 (4)

5 (14)
6 (17)
2 (6)

7 (29)
8 (33)
2 (8)

Total
recurrent
case
(N=71)

initial episode
Supervised
Self‐administered
Unknown
Drug resistance status of initial
episode
Sensitive
Mono/poly resistance
MDR
Alcoholism
Drug abuse
Either HIV or AIDS
Malignancy

8 (11)
39 (55)
24 (34)
37 (82)
7 (16)
1 (2)
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Table 3.6: Characteristics of 24 culture positive recurrent cases with paired isolates11

Case
#

Outcome

Sex

Ethnicity

Age

HIV/
AIDS

Diagnosis
Year of
initial
episode

Diagnosis
type at
initial
episode

Diagnosis
Year of
recurrent
episode

Diagnosis
type at
recurrent
episode

1

Relapse

F

CB Aboriginal

57

No

1995

1996

2

Relapse

M

FB

84

No

1996

3

Relapse

M

FB

34

No

1997

4

Re‐
infection

M

CB Aboriginal

32

Yes

1997

Gastro‐
Intestinal TB
Minimal,
Pulmonary
TB
Minimal
Pulmonary
TB
Gastro‐
Intestinal TB

5

Relapse

F

CB non‐
Aboriginal

75

No

1998

2000

6

Relapse

M

FB

76

No

2000

Pulmonary
TB,
Unspecified
Pulmonary
Nodule

Gastro‐
Intestinal
Pulmonary
TB,
Unspecified
Lymph Node
TB,
Peripheral
Bone Joint
TB,
Unspecified
Pulmonary
TB

7

Relapse

F

FB

33

Yes

1999

Miliary TB

2003

8

Relapse

M

FB

89

No

1999

Pleurisy TB

2000

9

Relapse

M

CB non‐
Aboriginal

39

Yes

2000

Miliary TB

2000

10

Relapse

M

CB non‐
Aboriginal

46

Yes

1999

2001

11

M

Yes

2000

M

CB non‐
Aboriginal
FB

50

12

Re‐
infection
Relapse

Pulmonary
TB,
Epididymis
TB
Miliary TB

55

No

2000

2002

13

Relapse

F

CB Aboriginal

51

No

2000

14

Relapse

F

FB

38

Yes

2000

Pulmonary
TB
Lymph Node
TB,
Peripheral
Miliary TB,
Unspecified

11

2000

2001

2001

2002

2002

2002

2001

Pulmonary
TB,
Unspecified
Genitourinar
y TB,
Unspecified
Pulmonary
TB,
Unspecified
Lymph Node
TB,
Peripheral
Pulmonary
TB

Pulmonary
TB,
Pulmonary
TB
Joint TB

Miliary (Lung)
TB

‐ CB: Canadian‐born, FB: Foreign‐born

84

Case
#

Outcome

Sex

Ethnicity

Age

HIV/
AIDS

Diagnosis
Year of
initial
episode

Diagnosis
type at
initial
episode

Diagnosis
Year of
recurrent
episode

Diagnosis
type at
recurrent
episode

15

Relapse

F

FB

65

No

2001

Pleurisy TB

2002

Pleurisy TB

16

Relapse

F

FB

83

No

2001

2003

17

Relapse

M

CB non‐
Aboriginal

36

Yes

2002

Pulmonary
TB
Pulmonary
TB

18

Relapse

F

FB

80

No

2003

19

Relapse

F

CB Aboriginal

28

No

2002

20

Relapse

M

FB

55

No

2002

21

Relapse

M

FB

67

No

2000

Pulmonary
TB
Intra‐thoracic
Lymph Node
TB
Pulmonary
TB
Pulmonary
TB,
Unspecified
Pulmonary
TB
Pleurisy TB

22

Relapse

M

FB

70

No

1999

23

Relapse

F

FB

76

No

24

Relapse

F

CB Aboriginal

35

Yes

Pulmonary
TB
Cavitary
Lung TB

2004

2004
2005

Pulmonary
TB
Infiltrative
Lung TB
Cavitary
Lung TB

2005

2002

Pleurisy TB

2006

Pulmonary
TB,
Unspecified
Miliary TB

2002

Pulmonary
TB,
Unspecified

2006

Pleurisy TB

2005
2006

85

Table 3.7: Treatment (Rx) characteristics of 24 culture positive recurrent cases during their
initial episode
Case
#

Rx
Duration

1

1

2

Rx
completeness

Time of
recurrence
(since Rx
end) in
months

14

Self
Administered

6

Incomplete,
non‐
compliant
Successful Rx

39

3

41

Successful Rx

4

4

15

Successful Rx

33

5

<1

29

6
7

6
13

Incomplete,
Drug reaction
Successful Rx
Successful Rx

8

6

Successful Rx

4

9

7

2

10

10

11

6

Incomplete,
lost to follow
up
Incomplete,
non‐
compliant
Successful Rx

Self
Administered
Self
Administered
Supervised
Twice Weekly
Self
Administered
DOT/ATLANTA
Self
Administered
Self
Administered
Self
Administered

12

7

Successful Rx

12

13

16

8

14

8

Incomplete,
non‐
compliant
Successful Rx

15

9

Successful Rx

9

16

11

Successful Rx

6

17

11

Successful Rx

5

18
39

Culture results12

Rx
Administration

0‐3
months
‘+’

3‐6
months
No cul

6‐9 moths
No cul

9‐12
months
No cul

‘+’ & ‘‐’

‘+’ & ‘‐’

No cul

No cul

‘+’ & ‘‐’

No cul

No cul

‘+’

‘+’

No cul

No cul

No cul

‘+’ & ‘‐’

No cul

No cul

No cul

‘+’ & ‘‐’
‘+’ & ‘‐’

‘+’ & ‘‐’
No cul

‘‐’
No cul

No cul
No cul

‘+’ & ‘‐’

No cul

‘‐’

‘+’

‘+’

No cul

No cul

‘+’ & ‘‐’

4

Supervised Twice
Weekly

‘+’

‘+’

No cul

No cul

23

Supervised
Twice Weekly
Self
Administered
Self
Administered

‘+’

‘‐’

‘‐’

‘‐’

‘+’ & ‘‐’

‘‐’

No cul

No cul

‘+’

No cul

No cul

No cul

Supervised Twice
Weekly
Self
Administered
Self
Administered
Self

‘+’ & ‘‐’

‘‐’

‘+’ & ‘‐’

‘‐’

‘+’ & ‘‐’

‘‐’

No cul

No cul

‘+’

‘‐’

No cul

No cul

‘+’ & ‘‐’

No cul

No cul

No cul

1

12

: ‘+’ means positive culture; ‘‐‘ means negative culture; No cul means culture was not available; ‘+’ & ‘‐‘ means
both positive and negative culture was available (culture was done multiple times)
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Case
#

Rx
Duration

Rx
completeness

Time of
recurrence
(since Rx
end) in
months

Culture results12

Rx
Administration

Administered
18

6

Successful Rx

9

19

12

Successful Rx

16

20

4

22

21

8

Incomplete,
Drug reaction
Successful Rx

22

11

66

23

1

24

10

Incomplete,
non‐
compliant
Incomplete,
non‐
compliant
Successful Rx

50

Self
Administered
Self
Administered
Self
Administered
Self
Administered
Self
Administered

‘+’ & ‘‐’

No cul

No cul

No cul

‘+’ & ‘‐’

‘‐’

No cul

No cul

‘+’

‘‐’

No cul

No cul

‘+’

No cul

No cul

No cul

‘+’

‘+’ & ‘‐’

‘+’ & ‘‐’

‘+’

41

Self
Administered

‘+’ & ‘‐’

No cul

No cul

No cul

47

Supervised Daily

‘+’ & ‘‐’

‘‐’

‘‐’

No cul
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Table 3.8: Characteristics of specimens from 24 culture positive recurrent cases during their
initial and recurrent episode
Case
#

Specimen type of
initial episode13

Drug Sensitivity
of initial episode

Specimen type
of recurrent
episode

Drug
Sensitivity of
recurrent
episode

Interval
between
two lab0
and lab1 in
months

1

Rectal lesion, MTB

Sensitive

Sensitive

15

15

2

Sputum, MTB

Mono‐resistant

Ascitic fluid,
MTB
Sputum, MTB

Mono

54

48

3

Sputum, MTB

Neck asp, MTB

MDR

46

34

4

48

48

Sensitive

Bone Marrow,
MTB
Sputum, MTB

Sensitive

5

Abdominal lymph
node, MTB
Sputum, MTB

Poly‐resistant,
later MDR
Sensitive

Sensitive

29

29

6

Sputum, MTB

Sensitive

Sputum, MTB

Sensitive

22

18

7

Blood, M bovis

Sensitive

Urine, M bovis

49

51

8

Pleural Fluid, MTB

Sensitive

Sputum, MTB

Mono‐
resistant
Sensitive

10

10

9

Sputum, MTB, SIRE‐S

Sensitive

9

Urine, MTB

Sensitive

Mono‐
resistant
Sensitive

10

10

Clavicle
Aspiration, MTB
Sputum, MTB

16

11

11

Sputum, MTB

Sensitive

Sputum, MTB

Sensitive

31

29

12

Sensitive

Sputum, MTB

Sensitive

18

17

13

Bronchial Washings,
MTB
Neck mass, MTB

Sensitive

Sensitive

25

24

14

Sputum, MTB

Sensitive

MDR

19

18

15

Pleural Tissue, MTB

Sensitive

Sensitive

18

18

16

Sputum, MTB

Sensitive

Synovial fluid,
MTB
Neck Swab,
MTB
Back swab
(sinus), MTB
Sputum, MTB

Sensitive

17

16

17

Sputum, MTB

Sensitive

Sputum, MTB

37

37

18

Sputum, MTB

Sensitive

Sputum, MTB

Mono‐
resistant
Sensitive

15

14

19

Sputum, MTB

Sensitive

Sputum, MTB

Sensitive

28

26

20

Sputum, MTB

Poly‐resistant

Washing lul,
MTB

Poly‐resistant

27

27

13

Interval
between
last
positive
culture of
initial
episode
and lab1
date in
months

‐MTB: Mycobacterium tuberculosis; M bovis: Mycobacterium bovis; MDR: multi‐drug resistance;
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Case
#

Specimen type of
initial episode13

Drug Sensitivity
of initial episode

Specimen type
of recurrent
episode

Drug
Sensitivity of
recurrent
episode

Interval
between
two lab0
and lab1 in
months

21

Sensitive

Sputum, MTB

Sensitive

59

59

22

Bronchial washing,
MTB
Lung tissue, MTB

Mono‐resistant

Sputum, MTB

78

68

23

Sputum, MTB

Sensitive

Sputum, MTB

Mono‐
resistant
Sensitive

44

43

24

Sputum, MTB

Sensitive

Sputum, MTB

Sensitive

56

56

Interval
between
last
positive
culture of
initial
episode
and lab1
date in
months

3.3.4 Reinfection and Relapse
Out of 24 patients with paired isolates, 22 showed identical MIRU‐VNTR patterns. Two patients
(Case 4 and 11) had distinct MIRU patterns. For Case # 4, the sample that yielded
Mycobacterium tuberculosis during the recurrent episode was from the bone marrow. On the
other hand, Case # 11 had a sputum sample that yielded Mycobacterium tuberculosis during the
recurrent episode. Both patients had a history of successful treatment for the initial episode
and had a sensitive organism during both episodes. Case # 4 was treated for 15 months with a
supervised regimen whether Case # 11 was treated by with a supervised regimen for six
months. Case # 4 did not have any negative cultures following the initial positive culture.
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Figure 3.2: MIRU‐VNTR results of 24 recurrent TB cases with paired isolated

MIRU LOCUS 40*

MIRU LOCUS 39

MIRU LOCUS 31*

MIRU LOCUS 27`

MIRU LOCUS 26*

MIRU LOCUS 24

MIRU LOCUS 23*

MIRU LOCUS 20`

MIRU LOCUS 16

MIRU LOCUS 10*

MIRU LOCUS 4

100

MIRU LOCUS 2`

80

MIRU-VNTR

60

MIRU-VNTR

40

Categorical

Key

Specimen No.

MIRU pattern

0800737

Y11/A3TS35

225325153321

0800761

X11/A0TS126

225325153323

0800731

Y5/A0TS088

225315153223

0800755

X5/97TS410

225315153223

0800754

X4/97TS176

244323153323

0800739

Y13/A2TS270

233325173324

0800763

X13/A0TS222

233325173324

0800730

Y4/A1TS094

232325153324

0800735

Y9/A0TS302

232325153324

0800743

Y17/A5TS297

232325153324

0800759

X9/99TS382

232325153324

0800767

X17/A3TS009

232325153324

0800733

Y7/A3TS213

232324253322

0800757

X7/99TS006

232324253322

0800740

Y14/A2TS190

223426153324

0800764

X14/A0TS328

223426153324

0800736

Y10/A0TS375

223425152322

0800760

X10/99TS262

223425152322

0800746

Y20/A5TS043

225425173524

0800770

X20/A2TS338

225425173524

0800728

Y2/A0TS281

227425173422

0800752

X2/96TS142

227425173422

0800745

Y19/A5TS007

223325163533

0800769

X19/A2TS202

223325163533

0800734

Y8/A0TS020

222325163533

0800758

X8/99TS086

222325163533

0800749

Y23/A6TS192

225425163533

0800773

X23/A2TS300

225425163533

0800748

Y22/A6TS042

223225173533

0800772

X22/99TS160

223225173533

0800732

Y6/A2TS124

223325173533

0800756

X6/A0TS183

223325173533

0800738

Y12/A1TS415

223325173513

0800762

X12/A0TS221

223325173513

0800742

Y16/A3TS047

2213251(10)3433

0800766

X16/A1TS200

2213251(10)3433

0800744

Y18/A4TS201

225424173633

0800768

X18/A3TS110

225424173633

0800750

Y24/A6TS412

228225113222

0800774

X24/A2TS048

228225113222

0800727

Y1/96TS223

228223113221

0800751

X1/95TS093

228223113221

0800747

Y21/A5TS083

254327223532

0800771

X21/A0TS075

254327223532

0800741

Y15/A2TS288

254326223432

0800765

X15/A1TS040

254326223432

0800729

Y3/A2TS343

254326223333

0800753

X3/97TS387

254326223333
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On the other hand, Case # 11 had consecutive negative cultures following the positive culture
and had negative culture at the time of treatment completion. Both these cases were HIV
positive. After investigating the clinical characteristics, both Case # 4 and Case # 11 was
considered as confirmed cases of re‐infection. The relative contribution of re‐infection was:
overall 2/24=8.5%, among successfully treated patients 2/16=12.5% and among patients with
incomplete therapy 0/8=0%. The incidence of re‐infection among culture positive cases was 18
per 100, 000 person years. When restricted to culture positive patients who had a history of
successful treatment, the incidence of re‐infection 19 per 100, 000 person years. The incidence
of relapse among culture positive cases and culture positive cases with successful treatment
were 194 and 150 per 100, 000 person‐years respectively (Table 3.4).

3.4 DISCUSSION
The current study demonstrated that in a population‐based cohort of TB patients, the incidence
of recurrence was low in a setting with low prevalence of TB. The estimated incidence of
recurrence was 397 among culture confirmed TB cases. When restricted to culture positive
recurrent cases, the incidence was 230 per 100, 000 person‐years. This incidence was much
lower (169/100,000) among culture positive cases who were successfully treated with their
initial episode. The incidence of recurrence varies widely across studies, mainly due to
differences in background incidence of TB, methodology, prevalence of HIV infection and the
quality of the local TB control program. A recent Australian study reported an incidence of 71
per 100, 000 person‐years in a setting where background incidence of TB was 6.5 per 100, 000
populations (33). This Australian study estimated culture positive incidence of recurrence
among culture‐confirmed TB cases who completed treatment for their initial active disease. The
current study was conducted in a population which shares similar characteristics to the
Australian study in terms of epidemiology (such as a low incidence and over‐representation by
foreign‐born individuals) and the delivery of care (such as free treatment). Our incidence of
recurrence was twice as high compared to the Australian study. However, the incidence
observed in the current study is lower than has been reported in other comparable studies. For
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example, the North American TB trial consortium study 22 and 23 conducted by Jasmer et al.
2004, reported an annual incidence of recurrence rate of 3800 per 100, 000 population which
was much higher than our study (18). The incidence of recurrence was 550 per 100,000 patient
years in a Brazilian study (34). One potential explanation for the low recurrence rate might be
related to the quality of health care delivery through a centralized TB control system, which
ensures uniform prescription of standard treatment regimens and appropriate treatment
support for complicated cases.

The current study estimated the relative contribution of re‐infection compared to recurrence.
Out of 24 culture‐positive recurrent cases whose paired isolates were evaluated for DNA
fingerprinting, only two cases showed distinct MIRU patterns. After a thorough investigation of
clinical characteristics, both the cases were considered as a confirmed case of re‐infection. The
relative contribution of re‐infection was 8.5 % (2/24) among culture positive cases. When
limited to culture positive patients with history of successful treatment, the relative
contribution of re‐infection was 12.5% (2/16). The results of this study are similar to what was
found in the North American study (18). This controlled clinical trial reported three (4%) cases
of re‐infection among 75 recurrent patients, whose paired isolates underwent RFLP genotyping
(18). The Australian study (33), which was conducted under program conditions like the present
study, reported four re‐infection cases (27%) among 15 recurrent patients.

A wide discrepancy was observed in the reported proportion of re‐infection in previous studies.
These differences are attributable to variations in local rates of TB, the prevalence of HIV, study
methodology and small sample sizes. Studies conducted in low to intermediate incidence
settings (TB incidence < 50 per 100, 000 population) reported from zero to 100% recurrence
due to re‐infection (6,11,13‐15,18,19,35‐39). Studies that reported either 100% or 0%
reinfection rate had small number of cases (11,13,38). For examples, a USA study (13) who had
7 paired isolates did not observe any reinfection case. Several studies conducted in the USA and
European countries that had more than ten paired isolates reported the proportion of
reinfection ranging from 4 to 33%. For examples, the study conducted in Houston, Texas (39)
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found 21% (8 out of 38 cases) were due to re‐infection while the New York study (35) observed
a 29% re‐infection (5 out of 17 cases) among the recurrent cases.

Previous studies showed that re‐infection had become an increasingly frequent cause of
recurrence in high incidence settings. The study conducted in Cape Town, South Africa, which
has a remarkably high rate of TB, showed that re‐infection accounted for 77% of the total
recurrent cases (40). Another South African study (41) conducted among gold miners
demonstrated a lower (36%) contribution of re‐infection to recurrence (9 out of 33 recurrent
cases). However, a lower contribution of re‐infection was observed in several studies based in
regions with a high prevalence of TB. For instance, a study conducted in Ho Chi Minh City,
Vietnam (42) did not observe any re‐infection case among 39 recurrent cases.

The present study estimated incidence of re‐infection, which was 19 per 100,000 person‐years
among culture‐confirmed patients with a history of successful treatment for their initial
episode. Reinfection rates usually reflect the incidence of TB infections in the community. Our
study demonstrated that the incidence of reinfection was approximately three‐fold higher than
the local TB incidence. In the current population (in BC), the TB incidence (in 2004) is 7.4 per
100, 000 (43) and the incidence of culture‐confirmed cases was 5.6 per 100, 000 (culture
proven cases represent about 80% of total TB cases in BC) (43).

Few studies that investigated reinfection have reported the incidence of re‐infection. The
incidence of reinfection in the Australian study was 18.9 cases per 100,000 (33), which was
almost identical compared to the current study. Their reported reinfection rate was four‐fold
higher compared to local (New South Wales, Australia) TB incidence (Dobler et al. 2009). The
North American study (18) also reported incidence of reinfection, which was 150 per 100, 000
person‐years. This rate was eight times higher than that of the present study. The incidence of
reinfection in South African study was remarkably high (2200 per 100, 000 person‐years) ‐ four
times higher than local TB infection rate (40). Findings of these studies showed that patients
with history of active TB are at increased risk of reinfection than that of new TB.
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This study has several limitations. Recurrent culture‐positive patients who had less than 6
months of inactivity were included in this study. Inclusion of these cases might overestimate
the rate of relapse. However, several studies on recurrence did not consider any period of
inactivity. This might be a concern to patients who could not complete their therapy of initial
episode. Both lab specimens were taken at least 10 months apart. In addition, the minimum
interval between last positive culture of initial episode and recurrent sample was 9 months.
Given this, we do not think this have distorted relapse estimates substantially. The likelihood of
reinfection by the same strain and mixed infection could be other potential limitation of this
study. However, given only two cases with non‐identical MIRU patterns, we do not think,
reinfection estimates was affected substantially due to these.

This study could not investigate the risk factors for reinfection due to very small number of
cases. Both cases who had non‐matching MIRU patterns during recurrent disease were HIV
positive. The study of Sonnenberg et al. 2001 demonstrated HIV infection as an independent
risk factor for reinfection (41).

3.5 CONCLUSIONS
In conclusion, recurrence of TB among culture‐confirmed patients with successful treatment is
low in an area with a low prevalence of disease. Re‐infection is also an infrequent cause of
recurrence in this setting. Rate of tuberculosis reinfection after successful treatment is almost
three‐fold higher than the local TB incidence.
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CHAPTER 4: A SYSTEMATIC REVIEW ON RISK FACTORS OF
MORTALITY AMONG TB PATIENTS14

14

‐ “A version of this chapter will be submitted for publication. Moniruzzaman, A. Kazanjian, A. Wong, H. Elwood,
R.K. Chowdhury, M.M. and FitzGerald, J. M. (2010) A systematic review on TB‐related mortality.”
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4.1 INTRODUCTION
Worldwide, TB remains one of the leading infectious diseases in terms of morbidity and
mortality (1,2). There are approximately 9.4 million new active cases of TB diagnosed annually
and 1.8 million deaths associated with TB (including 0.5 million deaths among HIV‐confected
cases) in 2008 (3). The burden of illness from TB is so enormous that the World Health
Organization (WHO) declared it a global emergency in 1993 (1). Historically improvements in
social conditions were associated with a decline in TB‐related mortality and this decline was
accentuated with the introduction of chemotherapy. This decline has been more prominent in
industrialized nations. The global TB mortality rate (excluding HIV) was 30 (per 100,000) in
1990, which has fallen to 21 in 2008 (4). One of the United Nations (UN) Millennium
Development Goals was to reduce TB‐related mortality by 50% (compared to rate of 1990) by
2015 (2). According to current decline rate, the likelihood of achieving of such a goal is remote.

Moreover, during the last two decades, there has been a resurgence of TB in many countries,
partly due to the HIV epidemic, the deterioration of public health care infrastructure and the
emergence of drug resistant disease. As a result, TB still remains a major global cause of death
(second commonest infectious cause of deaths after HIV), especially in countries with a high
burden of disease (such as sub‐Saran Africa and several Asian countries). In the modern era, all
TB‐related deaths are potentially preventable. This raises an important question, why are we
seeing so many TB‐related deaths despite the availability of effective chemotherapy? If
appropriate interventions are not effectively implemented, many patients with this treatable
and preventable disease will continue to have avoidable morbidity and mortality.

Mortality among TB patents varies widely, due in part to differences in background burden of
disease, geographical locations, methodology used in studies evaluating this issue and the
quality of the health care delivery system. In order to prevent deaths among TB patients,
identification of factors associated with mortality needs to be determined. Several factors such
as older age, male gender, incomplete TB treatment, drug resistant status, malnutrition, missed
diagnosis, alcoholism, HIV co‐infection, and extent of disease (e.g., advanced stage, cavitations)
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have been found to be associated with mortality among TB patients (5‐14). However, the risk
factors for mortality, based on published literature, especially in the era of HIV are still not well
documented in a systematic way despite a substantial literature on TB mortality. To our
knowledge, there is no systematic review of risk factors for mortality related to TB. Thus the
assessment of the risk factors for mortality with a systematic review of the published literature
would provide a robust estimate of TB‐related mortality and also improve our understanding of
TB related mortality. The objective of this study is to make a quantitative assessment of
mortality among TB patients and to identify potential risk factors for TB‐related mortality
through a systematic review of the published literature.

4.2 METHODS
We systematically searched the Medline and Embase databases for relevant studies using key
words “Tuberculosis”, “Mortality” and “Risk factors”. We limited our search to the English
literature and studies publishing until December 2007. Bibliographies of selected articles were
also reviewed to identify the relevant studies on mortality among TB patients. We initially
reviewed the titles and abstracts of the citations that were identified through the search
strategy. Review of the abstracts was done independently by two reviewers. Differences
between two observers related to data abstraction were resolved though discussions. The final
selection of studies was based on a priori criteria of the patient population, study design and
focus of study. The following inclusion criteria were used: studies reported mortality among TB
patients and investigated the factors associated with mortality. Cases series and ecological
studies that used the general population as the comparison group were excluded. We did not
include mortality studies that were conducted on specific groups of TB patients such as TB
patients with meningitis, TB patients with HIV and TB patients with end stage renal disease.
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4.2.1 Data Extraction and Calculation of Death Rate/Proportion
We developed a standard abstraction sheet to abstract information from the selected articles.
We calculated the overall death rate among TB patients from the total number of deaths
(numerator) and total number of TB cases (denominator) as reported by the selected studies.
The follow‐up period varied widely across studies. The majority of studies reported death that
occurred during the treatment phase. However, several studies reported deaths that occurred
among TB patients during hospitalization and a number of studies also provided death rates
that included a period of longer follow‐up. Therefore, we estimated death rates during
hospitalization as well as during treatment where available. We classified death during
hospitalization: death from any cause during hospitalization from any cause or within 1 month
of treatment initiation. We defined death during treatment: death from any cause during the
treatment period or between 6 months and 1 year of treatment initiation. If available, we
extracted data on deaths during treatment or within 1 year from studies that followed patients
for a longer period of time.

A specific cause of death was not reported in the majority of studies. A number of studies also
reported whether death was related to TB in addition to overall mortality. We defined TB‐
caused death if TB was the underlying cause of death. If available, we distinguished TB‐caused
death from all‐cause mortality and estimated overall TB‐caused death (% TB subjects dying
from TB) using total number of TB‐caused death as numerator and total number of TB cases as
denominator. In addition, the proportions of death due to TB out of all reported deaths for
each study (whenever available) were calculated.

We also estimated the death rate according to HIV status (among HIV positive patients and HIV
negative patients) when available and according to the background burden of disease. We
categorized all the selected studies into three groups based on the location of the studies–low,
intermediate and high burden countries. We defined low burden settings where the TB
incidence was 20 or less (per 100, 000), intermediate burden from 21 to 100 (per 100, 000) and
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high burden over 100 (per 100, 000) respectively. In order to classify into burden of disease, we
used the local TB incidence if it was reported in the study. In studies that did not provide a local
TB incidence rate, we used national TB incidence as reported by the WHO for the first year of
the study period. The incidence of TB for all countries has been available on the WHO website
since 1990. We used TB incidence for the year of 1990 (from the WHO) for studies without
reported local TB incidence that were conducted before 1990. We used five‐point summary
statistics (Minimum, 1st Quartile, Median/2nd Quartile, 3rd Quartile and Maximum) to
characterize the death rates extracted from the studies.

Information on risk factors for mortality varied widely across studies. We considered a risk
factor if it was reported in a study and the corresponding 95% CI of the estimate of risk factor
did not include one. Several studies did not report a measure of association for a risk factor, but
conducted a hypothesis test to evaluate the effect of factors on mortality among TB patients.
For these studies, we used a cut off p value of 0.05 to be considered as a significant risk factor.
In the case of discrepancies with regard to significant risk factors between the univariate and
multivariate model, we considered risk factors to be significant if it was reported in a
multivariate model. In studies that did not provide an adjusted estimate, and the risk factor was
reported in a univariate model, as being significant we accepted this.

4.3 RESULTS
The search of electronic databases yielded 564 citations for initial screening (Medline databases
yielded 276 citations and Embase yielded another 288 citations). After the review of abstract
and titles, 77 articles were selected for full review. Out of these studies, only 39 studies were
finally selected for this systematic review. Bibliographic search of these 77 articles generated
another 22 articles that met our inclusion criteria. Review of these articles identified another 5
articles that met our inclusion criteria for abstraction. Thus, in total, 66 articles were included in
this systematic review.
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Table 4.1 presents overall death (proportion of TB patients dying from any cause) among TB
patients. Out of 66 studies, the total number of deaths and total number of TB cases was
available in 60 studies. Five of six studies (15‐20) that did not provide proportion of TB subjects
dying from TB (total number of deaths was reported but no information on total number of TB
cases) were case‐control studies. The remaining study reported only cause‐specific deaths
(death due to TB), but no information was available on total mortality (all‐cause). In total these
studies reported a total of 12659 deaths (all‐cause) among 81791 TB patients that yielded a
global crude death of 15.5%. The lowest mortality was 2.2% (21) and the highest was 65.2%
(22). The median death (% of total TB patients dying from any cause) was 12.8% (IQR: 7.1%,
22.2%).

When we limited mortality (all‐cause) that occurred during treatment, 50 studies had
appropriate data, in these studies the global death was slightly lower (14.5%,). The median
death (% of total TB patients dying) was 10.3% (IQR: 5.9%, 20.5%). Overall, the lowest reported
mortality (proportion of deaths of total TB subjects) during treatment was 2.2% and the highest
mortality was 39.7% (23). Seven studies reported death (all‐cause) among TB patients during
hospitalization, which yielded a global death of 7.8% (median: 8.4%, IQR: 7.4%, 12.1%) – much
lower than the mortality that occurred during treatment. The lowest mortality (% of total TB
patients dying) during hospitalization was 4.9% (24) and the highest was 16.1% (25).
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Table 4.1: Mortality among TB patients from selected studies (n=66)

Number
Mortality % (Total
of studies deaths/Total TB
cases)

Death Rate (Minimum 1Q, Median,
3Q, Maximum)

CDR 15(overall)

60

12659/81791=15.5%

2.2%, 7.1%, 12.8%, 22.2%, 65.2%

CDR (during treatment)

50

10743/73994=14.5%

2.2%, 5.9%, 10.3%, 20.5%, 39.7%

CDR (during
hospitalization)

7

388/4955=7.8%

4.9%, 7.4%, 8.4%, 12.1%, 16.1%

CDR (TB‐caused death)

13

567/37240=1.5%

0.1%, 1.0%, 3.2%, 6.1%, 15.6%

TB‐caused death (% of
total deaths)

15

534/1538=34.7%

1.4%, 25%, 35.3%, 42.0%, 75.3%

CDR in HIV positive
patients

35

2231/7365=30.3%

0%, 13.7%, 28.8%, 38.9%, 70.1%

CDR in HIV negative
patients

30

771/11760=6.6%

0.4%, 3.3%, 8.1%, 14.8%, 48.6%

15

CDR (Crude Death Rate) was estimated in percentage (total deaths/total TB cases)
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Table 4.2: Mortality according to the burden of TB disease (low, intermediate and high)16

Low burden (16) Intermediate burden High burden (41)
(9)
CDR
(overall)

CDR during
Rx

CDR (TB‐
caused
death)

TB‐caused
death (% of
total
deaths)

HIV positive
patients

Number of studies

15

6

39

Point estimate

1406/14988=9.4%

725/9262=7.8%

10528/57541=18.3%

Death rate (Min,
1Q, Median, 3Q,
Max)
Number of studies

4.9%, 8.7%, 11.7%,
14.6%, 44.1%

3.6%, 5.4%, 10.0%,
14.6%, 17.8%

2.2%, 7.0%, 14.7%,
24.3%, 65.2%

10

6

34

Point estimate

923/10612=8.7%

563/9154=6.2%

9257/54678=16.9%

Death rate (Min,
1Q, Median, 3Q,
Max)
Number of studies

6.8%, 8.1%, 9.1% ,
18.0%, 36.1%

3.0%, 3.5%, 6.6%, 10.7%,
13.6%

2.2%, 5.7%, 11.7%,
23.1%, 39.7%

6

3

4

Point estimate

178/8257=2.2%

298/25021=1.2%

91/3962=2.8%

Death rate (Min,
1Q, Median, 3Q,
Max)
Number of studies

0.1%, 0.7%, 3.2% ,
7.9%, 15.6%

0.6%, 6.8%, 7.5%

1.1%, 1.9%, 4.3%, 4.6%

7

2

6

Point estimate

214/874=24.5%

165/255=64.7%

155/409=37.9%

Death rate (Min,
1Q, Median, 3Q,
Max)
Number of studies

1.4%, 13.6%, 28.9%,
41.7%, 43.2%

42.0%, 75.3%

25.0%, 29.4%, 33.6%,
48.7%, 73.0%

7

4

24

Point estimate

128/553=23.2%

132/352=37.5%

1971/6460=30.5%

Death rate (Min,
1Q, Median, 3Q,
Max)

6.0%, 8.8%, 21.0%,
37.5%, 43.9%

0.0%, 31.6%, 34.8%,
38.9%

6.1%, 13.8%, 31.2%,
28.8% , 41.9%, 70.1%

16

‐ Original mortality rates were reported in categories that included five or less number studies. No five point
summary was estimated for these scenarios.
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Low burden (16) Intermediate burden High burden (41)
(9)
HIV
negative
patients

Number of studies

3

3

24

Point estimate

69/1142=6.0%

136/1180=11.5%

566/9438=6.0%

Death rate (Min,
1Q, Median, 3Q,
Max)

5.6%, 8.9%, 11.5%

6.8%, 8.8%, 18.3%

0.4%, 2.2%, 6.9%,
15.2%, 48.6%

Approximately 20 percent of studies (13 studies) provided data regarding death due to TB and
total number of TB cases. These studies reported a total of 567 TB‐related deaths among
37,240 TB patients, which yielded a global TB‐related death proportion (% of patients dying
from TB), of 1.5% (median: 3.2%, IQR: 1%, 6.1%). The lowest TB‐related death (% of TB subjects
dying from TB) was 0.1% (11) the highest was 15.6% (26). The proportion of deaths related to
TB of all deaths was 34.7% (median: 35.3%, IQR: 25%, 42%) as reported in 20 studies.

Thirty five studies included data on subjects co‐infected with HIV. In total, these studies
consisted of a total of 2231 deaths among 7365 HIV‐TB co‐infected patients. The global
mortality among HIV positive TB patients was 30.3% (median: 28.8%, IQR: 13.7%, 38.9%). The
lowest mortality among HIV co‐infected patients was 0/7= 0% (10) and the highest was
429/612=70.1% (22). Four out of 35 studies (22,27‐29) reported a mortality of over 50%, among
HIV co‐infected TB patients (56.9%, 58.3%, 59.2% and 70.1% respectively). In contrast, five
studies (9,10,30‐32) had mortality lower than 10% among HIV positive patients. As expected,
the global mortality among TB patients who were HIV negative was much lower‐ 6.6% (median:
8.1%, IQR: 3.3%, 14.85). The highest mortality among HIV negative TB patients was 48.6% (22).
Two (31,33) of 30 studies reported mortality among HIV negative patients lower than 1%
(1/280=0.4% and 1/185=0.5% respectively).
Based on background burden of diseases, most of the studies (41 studies, 62%) selected in this
review were conducted in a high‐burden setting. Sixteen (24%) studies were conducted in a low
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burden setting and 9 (14%) studies in an intermediate setting. Table 4.2 and Figure 4.1 present
mortality data in these three settings (low, intermediate and high burden countries). The
overall global mortality was almost two‐times higher (median: 8.7% vs. 14.7%) in a high burden
setting compared to low burden countries. However, countries with intermediate burden of
diseases had a relatively lower mortality (Median: 10.0%). The similar patterns were observed
for mortality during treatment (Median: 9.1%, 6.6% and 11.7% respectively in low, intermediate
and high burden countries). In low‐burden settings, the highest overall mortality and mortality
during treatment in TB patients was 44.1% (34) and 36.1% (26) respectively. In the high‐burden
category, five studies (7,21,31,35,36) reported overall mortality (% of total TB patients dying)
lower than 5%.
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Figure 4.1: Mortality among TB patients according to background incidence of disease
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Figure 4.2: Mortality among HIV positive and HIV negative TB patients by background
incidence of disease
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As expected, TB‐related deaths (proportion of TB subjects dying specifically from TB) were
highest in high‐burden setting (2.2%, 1.2% and 2.8% respectively in low, intermediate and high
burden settings). Countries with an intermediate burden of disease had the lowest TB‐related
death, which was strongly influenced by one study from Turkey (16) which included the largest
number of TB cases (133/22,651=0.6%). The proportion of TB‐related deaths out of all reported
deaths was the lowest in low‐burden setting (24.5%). However, this proportion was the highest
in countries with an intermediate TB incidence (64.7%).

Figure 4.2 presents comparisons of death between HIV‐positive and HIV‐negative individuals in
low, intermediate and high burden settings. Among HIV co‐infected TB patients, the deaths (%
TB patients dying) was (23.2%, median: 21%) the lowest in low‐burden settings. However, the
proportion of subjects dying from TB in intermediate burden settings (37.5%) was higher than
that was found in high‐burden settings (30.5%). The median death (% of TB patients dying from
TB) among HIV‐confected persons in high‐burden setting was 31.2% (IQR: 13.8%, 41.9%). A
similar pattern was found among HIV negative TB patients (6.0%, 11.5% and 6.0% in low,
intermediate and high burden settings respectively). In a high‐burden setting, the median death
among HIV‐negative persons was 6.9% (IQR: 2.2%, 15.2%).

4.3.1 Risk Factors for Mortality among TB Patients
Table 4.3 presents studies that reported socio‐demographic characteristics as risk factors for
mortality among TB patients. Among them, older age or increasing age was widely cited as a
significant risk factor for mortality. The relationship between gender and mortality was not
consistent across studies. There was a significantly elevated risk of mortality among males in
two studies (6,35) while female gender was significantly associated with mortality in two other
studies (18,25). Unemployment has been demonstrated as a significant risk factor in three
studies (11,14,37). Homelessness (14) and years of education such as no schooling (35) or
schooling for less than 8 years (38) were reported, in some studies, as being associated with an
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increased risk of death. Local‐born people including those of French (37) and Swiss‐origin (39)
were shown to have an increased risk of death in some studies. In one study, mortality was
significantly higher among Caucasians (40) while in another study non‐white people were at
greater risk of dying (41). However, a number of other studies documented no increased risk of
mortality among several racial groups including: African American (34), Hispanic (34), White
(34), Asian (34) and Black Caribbean (40). Increased mortality among Indigenous population
was found in one study (41). In some studies living in a rural setting (17), distance from hospital
(5) and diagnosis in hospital (38) were found to be associated with an increased risk of
mortality.

Table 4.4 presents a list of co‐morbid conditions and behavioral factors associated with
mortality among TB patients as reported in the studies included in this review. Among these co‐
morbidities, HIV infection was consistently documented as a strong predictor of risk in many
studies. Several HIV specific factors including myco‐bacteraemia (23), anergy to purified protein
derivative (PPD) (42) and signs of impaired immune response (Kaposi sarcoma, oral candidiasis)
were found to be associated with an increased mortality risk in a few studies.

Malnutrition (9,43,44) and related factors such as low BMI (23,42), low weight (18,45) and
weight loss (46) were shown to increase the risk of death in several studies. Other concomitant
illnesses such as malignancy (6,11,14) renal disease (43,44) and liver disease (44,46) were less
consistently reported as being associated with an increased mortality risk. A further reported
co‐morbid condition that increased the risk of mortality was silicosis (7), respiratory failure (43),
chronic lung disease (14) and congestive heart failure (14). Several studies did not evaluate
specific co‐morbid conditions, but rather reported them as a whole such as coexisting
pathology (25), other diseases (15,19) and co‐morbidity index (24). Among behavioral factors,
alcoholism (6,10‐12,19) was consistently reported as a significant risk factor while drug abuse
(6) and injection drug use (47) were infrequently reported as being associated with an
increased mortality risk.
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Table 4.3: Socio‐demographic risk factors for dying in patients with Tuberculosis (TB)

Name of factors

Increasing age/older age

Decreasing age /young age
Male gender

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Adjusted Estimate

Barker et al.2002, Borgdorff
et al.1998, Bustamante‐
Montes et al.2000, Connolly
et al.1998, Cullinan et
al.1991, Garin et al.1997,
Greenway et al.2002,
Hansel et al.2004,
Kangombe et al.2000 ,
Kartaloglu et al.2003,
Kolappan et al.2006, Lawn
et al.1999, Lee et al.
2005,Mathew et al.2006,
Rabaud et al.1997, Rao et
al.1998, Sterling et al.2006,
Zachariah et al.2002, Vree
et at.2007 (2), Glynn et
al.1998, Harries et al. 1998,
Harries et al.1999, Helbling
et al.2002, Kangombe et
al.2004, Pablos‐Mendez et
al.1996, Quy et al.2006, Van
den Broek et al.1998,
Walpola et al.2003, Khan et
al.2006
Kassim et al.1995

Cullinan et al.1991,
Kartaloglu et al.2003,
Lawn et al.1999, Lee et al.
2005, Mathew et al.2006,
Vree et at.2007 (2),
Helbling et al.2002,
Kassim et al.1995,
Walpola et al.2003

Barker et al.2002,
Borgdorff et al.1998,
Bustamante‐Montes et
al.2000, Connolly et
al.1998, Garin et al.1997,
Greenway et al.2002,
Hansel et al.2004,
Kangombe et al.2000,
Kolappan et al.2006,
Rabaud et al.1997, Rao et
al.1998, Sterling et
al.2006, Zachariah et
al.2002, Glynn et al.1998,
Harries et al. 1998,
Kangombe et al.2004,
Pablos‐Mendez et
al.1996, Quy et al.2006,
Van den Broek et al.1998,
Khan et al.2006

Indigenous Population

Borgdorff et al.1998, Quy et
al.2006
Sacks et al. 1998, Abos‐
Hernandez et al.2002,
Dewan et al.2004, Rabaud
et al. 1997, Sterling et al.
2006
Dewan et al.2004, Khan et
al. 200617
Xie et al. 1992

White/Caucasian

Bakshi et al. 1998

Non‐white (Asian)

Xie et al. 1992

Female gender
Unemployment

Homelessness

17

Kassim et al.1995

Sacks et al.1998

Borgdorff et al. 1998,
Cr35, Quy et al. 2006
Abos‐Hernandez et
al.2002
Dewan et al.2004, Rabaud
et al. 1997, Sterling et al.
2006
Dewan et al.2004, Khan
et al. 2006
Xie et al. 1992

Bakshi et al. 1998
Xie et al. 1992

‐Reported P value was 0.07
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Name of factors

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Adjusted Estimate

Local –born (French‐origin/US‐
born/Canadian‐born, etc.)

Rabaud et al. 1997, Helbling
et al.2002

Helbling et al.2002

Rabaud et al. 1997

Illegal immigrant

Borgdorff et al. 1998

Borgdorff et al. 1998

Schooling (<8 years, no
schooling)
Hospital diagnosis

Aerts et al.2004, Quy et al.
2006
Aerts et al.2004

Aerts et al.2004, Quy et
al. 2006
Aerts et al.2004

Distance from hospital
Living in rural setting

Barker et al.2002
Lawn et al. 1999

Lawn et al. 1999

District hospitals

Harries et al. 2001

Harries et al. 2001

Barker et al.2002

Table 4.5 Summarizes risk factors related to treatment and the particular health care system
that was in place. Mortality risk was elevated among patients whose treatment was delayed
(13,48,49) or where there was a delay in diagnosis (13). History of none (34) or incomplete
treatment (12,28,34) and treatment default (12,17,46) or failed treatment (32) have been
documented as being associated with increased mortality in several studies. In one study the
use of DOT, was found to decrease the risk of dying (30), while non‐compliance increased the
mortality risk in another study (15). Patients who were being treated for their TB (10,17,42,45)
and patients with a prior history of TB (19,41) were more likely to die. Less frequently other
significant risk factors reported were consultation with a traditional healer (48), lack of
physician experience with TB (32) diagnosis by internal medicine specialists/surgeon/other
specialists (6) and delayed ICU admission or admission to a non‐medical ward (13).
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Table 4.4: Co‐morbidities associated with mortality in patients with Tuberculosis (TB)

Name of factors

HIV/AIDS

Malignancy

Malnutrition

Prognostic Nutritional Index
Weight loss/Low weight

BMI (Low)
Mid Upper Arm
Circumference (<200 mm)
Liver cirrhosis /liver failure
Renal failure/diseases
Respiratory failure

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Adjusted Estimate

Aerts et al.2004, Borgdorff
et al. 1998, Churchyard et
al.2000, Connolly et al.
1998, Elliott et al. 1995,
Garcia‐Garcia et
al.2002,Gustafson et
al.2007, Kangombe et
al.2000, Lawn et al. 1999,
Malkin et al. 1997, Murray
et al. 1999, Norrgren H et al.
2001 Nunn et al. 1992,
Rabaud et al. 1997, Richter
et al. 1995, Soeters et al.
2005, Sterling et al. 2006,
Zachariah et al.2002, Ackah
et al. 1995 Banergee et al.
1997, Fischl et al. 1992,
Glynn et al. 1998,
Hargreaves et al. 2001,
Harries et al. 1998, Kelly et
al. 1998, Pablos‐Mendez et
al. 1996, Perriens et al.
1991, Quy et al. 2006, Van
den Broek et al. 1998
Borgdorff et al. 1998, Dewan
et al. 2004, Sterling et al.
2006
Rao et al. 1998, Zachariah et
al.2002, Walpola et al.2003

Lawn et al. 1999, Malkin
et al. 1997, Murray et al.
1999, Richter et al. 1995,
Soeters et al. 2005,
Ackah et al. 1995,
Banergee et al. 1997,
Fischl et al. 1992,
Perriens et al. 1991

Aerts et al.2004,
Borgdorff et al. 1998,
Churchyard et al.2000,
Connolly et al. 1998,
Elliott et al. 1995,
Garcia‐Garcia et
al.2002,Gustafson et
al.2007, Kangombe et
al.2000, Norrgren 1995
et al. 2001, Nunn et al.
1992, Rabaud et al.
1997, Sterling et al.
2006, Zachariah et
al.2002, Abos‐
Hernandez et al.2002,
Hargreaves et al. 2001,
Harries et al. 1998, Kelly
et al. 1999, Pablos‐
Mendez et al. 1996, Quy
et al. 2006, Van den
Broek et al. 1998

Kartaloglu et al. 2003
Garcia‐Garcia et al. 2002,
Sacks et al. 1998, Santha et
al. 2000
Gustafson et al. 2007,
Hargreaves et al. 2001
Gustafson et al. 2007

Kartaloglu et al. 2003

Garcia‐Garcia et al.2002,
Walpola et al.2003
Rao et al.1998, Walpola et
al.2003
Rao et al. 1998

Borgdorff et al. 1998,
Dewan et al. 2004,
Sterling et al. 2006
Rao et al. 1998,
Zachariah et al. 2002,
Walpola et al. 2003
Garcia‐Garcia et al.
2002, Sacks et al. 1998,
Santha et al. 2000
Gustafson et al. 2007
Gustafson et al. 2007
Garcia‐Garcia et al.2002,
Walpola et al.2003
Rao et al.1998, Walpola
et al.2003
Rao et al. 1998
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Name of factors

Study ID/Reference
Unadjusted/Adjusted
Estimate

Chronic lung disease
Congestive heart failure
DCI Co‐morbidity Index
Other diseases /risk factors

Only unadjusted
estimate

Adjusted Estimate

Co‐existing pathology

Dewan et al.2004
Dewan et al.2004
Hansel et al.2004
Bustamante‐Montes et
al.2000, Zafran et al. 1994
Abos‐Hernandez et al.2002

Immune‐ suppression

Rao et al. 1998

Dewan et al.2004
Dewan et al.2004
Hansel et al.2004
Bustamante‐Montes et
al.2000
Abos‐Hernandez et
al.2002
Rao et al. 1998

Signs of impaired immune
defense (Kaposi’s Sarcoma,
oral candidiasis,
leukoplakia)
Mycobacteraemia

Gustafson et al.2007,
Hargreaves et al. 2001

Gustafson et al.2007,
Hargreaves et al. 2001

Hargreaves et al. 2001

Hargreaves et al. 2001

Anergy to tuberculin

Gustafson et al.2007

Gustafson et al.2007

Silicosis

Churchyard et al.2000

Churchyard et al.2000

Drug addiction

Borgdorff et al. 1998

Borgdorff et al. 1998

Alcoholism

Injection drug abuse

Borgdorff et al. 1998,
Mathew et al. 2006, Sterling
et al. 2006, Zafran et al.
1994
Kourbatova et al. 2006 (1)

Smokers and alcoholics

Kolappan et al. 2006

Zafran et al. 1994

Mathew et al. 2006,
Zafran et al. 1994

Borgdorff et al. 1998,
Sterling et al. 2006

Kourbatova et al. 2006
(1)
Kolappan et al. 2006
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Table 4.5: Health‐care delivery and treatment‐ related risk factors of mortality

Name of factors

Directly Observed Therapy (DOT)18
Non‐compliance

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Adjusted
Estimate

Jasmer et al. 200419, Khan et
al. 2006
Bustamante‐Montes et al.
2000

Jasmer et al. 2004

Khan et al. 2006
Bustamante‐
Montes et al.
2000
Glynn et al.
1998

BCG status (negative)

Glynn et al. 1998

Co‐trimoaxazole prophylaxis20

Grimwade et al. 2005

ICU admission/Admitted in non‐
medical ward
Hospital with low TB admission
rates

Greenway et al. 2002

Admission to emergency
department (vs. routine hospital
admission)
Diagnosis by a specialist

Hansel et al. 2004

Hansel et al.
2004

Borgdorff et al. 1998

Physician experience with TB
Delay in starting treatment

Khan et al. 200621
Greenway et al. 2002, 80, 81

Initially missed diagnosis

Greenway et al. 2002

Incomplete Rx

Garin et al. 1997, Kolappan et
al. 2006, Pablos‐Mendez et al.
199622

No treatment (vs. Appropriate Rx)

Pablos‐Mendez et al. 1996

Rx defaulted

Garcia‐Garcia et al.200223,
Kolappan et al. 2006, Lawn et
al. 1999

Borgdorff et al.
1998
Khan et al. 2006
Greenway et al.
2002
Greenway et al.
2002
Kolappan et al.
2006, Pablos‐
Mendez et al.
1996
Pablos‐Mendez
et al. 1996
Garcia‐Garcia et
al. 2002,
Kolappan et al.
2006

Grimwade et al. 2005
Greenway et al.
2002
Greenway et al.
2002

Greenway et al. 2002

80, 81

Garin et al. 1997

Lawn et al. 1999

18

‐DOT was associated with increased survival
‐The effect of DOT was evaluated in patients who died due to TB and who died due to other causes
20
‐Associated with increased survival
21
‐Associated with decreased mortality
22
‐This study evaluated the effect of incomplete treatment among post‐treatment survivors
23
‐Associated with increased survival in patients who died due to TB
19
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Name of factors

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Rx failed

Kolappan et al. 2006

Consultation with traditional healer

Barker et al. 2006

Barker et al. 2006

Previous TB/Retreatment

Lawn et al. 1999,
Mathew et al. 2006,
Zafran et al. 1994

<3 effective anti‐TB drug

Gustafson et al.2007, Lawn et
al. 1999, Mathew et al. 2006,
Santha et al.2000, Xie et al.
1992, Zafran et al. 1994
Fischl et al. 1992

Length of hospital stay

Kartaloglu et al. 2003

Kartaloglu et al. 2003

Refused health service attention

Bustamante‐Montes et al.
2000

Desire to receive health service24
(↓ Mortality)

Bustamante‐Montes et al.
2000

24

Adjusted
Estimate
Kolappan et al.
2006
Gustafson et
al.2007, Santha
et al.2000, Xie
et al. 1992

Fischl et al. 1992

Bustamante‐
Montes et al.
2000
Bustamante‐
Montes et al.
2000

‐Associated with decreased mortality

120

Table 4.6: Risk factors associated with diagnosis and the type of disease

Name of Factors

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Meningeal TB

Kourbatova et al. 2006 (2), Xie
et al. 1992
Kourbatova et al. 2006 (2)

Kourbatova et al. 2006
(2), Xie et al. 1992
Kourbatova et al. 2006
(2)

Advanced PTB

Xie et al. 1992

Far advanced PTB on CXR

Kartaloglu et al. 2003

Kartaloglu et al. 2003

Pulmonary TB (PTB)

Rabaud et al. 1997, Bakshi et
al. 1998
Borgdorff et al. 199825,
Kangombe et al. 2000, Harries
et al. 1998, Harries et al. 2001,
Kangombe et al. 2004, Walpola
et al. 2003

Bakshi et al. 1998

Miliary TB

Extra‐pulmonary TB (EPTB)

Xie et al. 1992

Harries et al. 2001

Both Pulmonary and Extra‐
pulmonary

Aerts et al.2004, Borgdorff et
al. 1998

Smear +ve PTB

Xie et al. 1992

Smear ‐ve TB

Connolly et al. 1998, Gustafson
et al. 2007, Kangombe et al.
2000, Lawn et al. 1999, Harries
et al. 1998, Harries et al. 2001,
Harries et al. 1999, Kangombe
et al. 2004

Lawn et al. 1999,
Harries et al. 2001,
Harries et al. 1999

Extensive disease/infiltrate
on CXR

Cullinan et al. 199126, Lawn et
al. 1999, Sacks et al. 1998,
Zafran et al. 1994

Bi‐lateral disease on CXR

Dewan et al.2004, Kourbatova
et al. 2006 (1)
Abos‐Hernandez et al. 2002

Cullinan et al. 1991,
Lawn et al. 1999, Sacks
et al. 1998, Zafran et al.
1994
Kourbatova et al. 2006
(1)

Number of lobes involved on
CXR
Cavitary lesions on CXR

25
26

Kourbatova et al. 2006 (1)

Adjusted
Estimate

Rabaud et al.
1997
Borgdorff et al.
1998,
Kangombe et al.
2000, Harries et
al. 1998,
Kangombe et al.
2004, Walpola
et al. 2003
Aerts et al.2004,
Borgdorff et al.
1998
Xie et al. 1992
Connolly et al.
1998, Gustafson
et al. 2007,
Kangombe et al.
2000, Harries et
al. 1998,
Kangombe et al.
2004

Dewan et al.
2004
Abos‐Hernandez
et al. 2002

Kourbatova et al. 2006
(1)

‐EPTB was associated with decreased mortality
‐Severity measured by number of zones (2‐3 zones)
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Name of Factors

Study ID/Reference
Unadjusted/Adjusted
Estimate

Only unadjusted
estimate

Adjusted
Estimate

Multidrug resistant (MDR‐
TB)

Garcia‐Garcia et al. 200227,
Mathew et al. 2006, Fischl et
al. 1992, Pablos‐Mendez et al.
1996, Quy et al. 2006

Mathew et al. 2006,
Fischl et al. 1992

Any resistance

Matos et al. 2007

Poly‐resistance

Quy et al. 2006

Garcia‐Garcia et
al.2002, Pablos‐
Mendez et al.
1996, Quy et al.
2006
Matos et al.
2007
Quy et al. 2006

Absence of cough

Greenway et al. 2002

Prolonged symptoms (prior
to initial diagnosis)
Duration of symptoms
before treatment started ( >
1 month)

Lawn et al. 1999

Lawn et al. 1999

Kourbatova et al. 2006 (1),
Hargreaves et al. 2001

Kourbatova et al. 2006
(1)

Greenway et al.
2002

Hargreaves et al.
2001

Studies that reported risk factors related to type of TB, drug resistance and diagnosis are listed
in Table 4.6. However, the association between type of TB and risk of death (pulmonary vs.
extra‐pulmonary) was not clear‐cut. Extra‐pulmonary TB (22,44,50‐52) was shown to be a risk
factor in a number of studies, while other studies reported it as not being significant (6,37,40).
In addition, severe forms of EPTB such as miliary (41,53) and meningeal TB (53) were found to
be associated with an increased mortality risk in several studies. Severity based on chest
radiograph findings, (14,16‐18,25,41,47,54) was measured and termed differently in reported
studies including extensive disease (54), bi‐lateral disease (14,47), greater severity (17),
extensive infiltrates (18), far advanced PTB (16), extent of lung tissue involved (25) and cavitary
lesions (47) but were associated with a significantly increased risk of death. In terms of
bacteriological status, smear‐negative TB was consistently reported as a significant risk factor
(8,17,22,42,50‐52,55) while one study demonstrated an increased risk of dying among smear
27

‐MDR was also associated with TB‐caused mortality
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positive TB patients (41). With regard to drug resistance, the elevated risk of dying among
patients with MDR‐TB (10,20,34,35,46) was documented in a number of studies.

4.4 DISCUSSION
This review demonstrates that mortality in TB patients occurs in a significant minority of
patients (median death: overall‐ 12.8% and during treatment‐ 10.3%). A wide variation in the
proportion of patients dying from TB is observed (ranging from 2.2% to 65.2% across studies).
Several factors such as the quality of the health care delivery system, availability of resources,
background incidence and prevalence of HIV might account for these differences. When we
categorized mortality according to background burden of disease, mortality in high‐burden
settings was substantially higher than that in low‐burden settings. The observed differences
between low and high‐burden setting are possibly related to several important factors.
Countries with a high‐burden of TB are generally resource–poor, which affects operational
activities such as prompt diagnosis, institution of adequate chemotherapy and subsequent
follow‐up. Therefore, the quality of health care service is frequently compromised in this
setting, leading to unfavorable treatment outcomes including a relatively higher mortality.

This review has shown a substantially higher mortality among persons, infected with HIV which
has previously been reported. There was also a wide variation of death rates across studies and
by setting, which reflects the differences in background prevalence of HIV and availability of
resources. As expected, mortality among HIV infected persons living in high‐burden countries
was higher than subjects from low‐prevalence countries. Most of studies in high‐prevalence
settings included in this review were conducted in sub‐Saharan Africa (such as 11 study in
Malawi and 7 study in South Africa), which continue to experience an explosive HIV epidemic.
The strikingly higher mortality in HIV‐TB co‐infected patients could be another notable
explanation for overall higher mortality in high–burden settings. For instances, the highest
mortality was reported in a study (29) from Malawi which included a population with a high
prevalence of HIV (77%). In another study from Malawi (22) with the 2nd highest proportion of
subjects co‐infected with HIV (48.7% at 2 years) reported a HIV prevalence of 68.7% for. The
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Sudanese study which had the lowest overall mortality (2.2%), had a 4% prevalence of co‐
infection (TB and HIV).

Mortality among countries with an intermediate burden of TB had a slightly lower rate than
that of low‐burden countries. The small number of studies in this setting might account for such
a difference.

Included studies had different follow‐up periods which made comparisons

between studies difficult. Mortality during treatment, whenever available was calculated.
However, the rates were similar according to burden of disease, reflecting the overall mortality
trend. Death during hospitalization among hospitalized TB patients was relatively low (7.8%).
Shorter follow up and a low number of studies may be confounding in this situation. Besides
this, improved care and management of TB patients in the acute care setting will likely will
result in a better survival for those patients.

The potential mechanism of death could not be explicitly stated due to the limited number of
studies that investigated the causal relationship between death and TB. Based on 13 studies
that reported death due to TB (underlying/primary cause) and total TB cases, the global
observed TB‐caused death was quite low compared to the overall CDR. This demonstrated that
not all patients were dying from TB. In high‐burden countries, most of studies did not provide
any information on specific cause of death. Therefore, the reporting frequency of TB‐related
death was much higher in low‐burden countries (6 out of 16 in low burden and 4 out of 34 in
high‐burden countries). Despite a low level of representation from the high‐burden setting, the
proportion was relatively lower in low‐incidence countries than that of high‐incidence countries
(2.8%).

However, TB‐related death was relatively lower (1.2%) in intermediate‐ burden

countries, which was highly influenced by a Turkish study (0.6%) with low mortality. However,
this Turkish study only reported in‐hospital mortality from PTB (16).

This review has shown that only one third of deaths (34.7%) among TB patients were primarily
due to TB. A wide discrepancy in the proportion of TB related deaths (which ranged from 1.4%
to 75.3%) was found across studies, reflecting the differences in methodology (such as
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definition of TB‐caused death) and study population. The higher proportion of TB‐related
deaths in high burden countries was supportive of this observation. These findings have a
potential implication for TB‐control programs. Evaluating the performance of TB control
program based on all‐cause mortality might be misleading. Interventions based on such findings
will have limited applicability in preventing deaths related to other causes. An integrated
approach, emphasizing other co‐morbidities that primarily or secondarily contribute to
mortality would be valuable in order to prevent death from TB.

This review identified several important socio‐demographic risk factors that are independently
associated with an increased risk of death from TB. Among them, older age was consistently
identified as an important risk factor for mortality. However, the relationship between gender
and mortality was not clear‐cut. A few studies reported increased risk among males, while
others found the reverse, where as other studies did not find a significant association between
gender and mortality.

TB was more frequent among foreign‐born persons especially in countries with a high level of
immigration. However, the mortality risk was not proportional in this population group.
Moreover, local‐born TB patients (such as the USA‐born and France‐born) experienced a higher
risk of dying. Healthy life style, decreased prevalence of HIV and other co‐morbidities among
the foreign‐born could be considered in support of this finding. Mortality was higher among
socially disadvantaged TB patients (such as patients who were homeless, unemployed or had a
low standard of education). Homelessness and unemployment are indicators of low socio‐
economic status, which have the potential to increase the risk of dying due to its relationship
with reduced access to health care. Some of these social determinants are potentially
modifiable. Interventions (such as free access to health care for socially marginalized patients,
availability of shelters/affordable housing for homelessness patients and employment training
program targeting these high risk populations should be considered.
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Another major observation from this review was a strong relationship between HIV and
mortality among TB patients. Besides age, HIV sero‐positivity was consistently found to be
associated with an increased mortality risk. It should be noted that not all studies that
investigated the impact of HIV on mortality found a significant association between them
(10,13,18,24,43,47,53,56). However, the global mortality among HIV co‐infected patients was
much higher, approximately five‐fold higher that non‐HIV infected individuals. This clearly
demonstrates strong evidence in support of the independent association between HIV infection
and mortality in TB patients. The increased risk associated with HIV‐TB co‐infection was
consistently found in low‐burden, intermediate‐burden and high‐burden countries. Due to
presence of strong interaction between HIV and TB, effective interventions for the prevention
of HIV as well as prevention of TB among people living with HIV are urgently required.

The relative contribution of TB itself and HIV to mortality among dually infected patients is not
clearly understood. The specific–cause of death (related to TB) was available in only a few
studies. The previously cited clinical trial (11) reported only one death due to TB and but 11 due
to HIV/AIDS among 71 observed deaths. Deaths among HIV infected TB patients tend to
increase over time, and is likely related to the underlying degree of immune‐suppression. This
clinical trial reported an increased mortality among HIV infected individuals at the end of the
follow‐up period (11). This study (11) reported no significant difference in mortality between
HIV positive and negative TB patients in the first month of treatment, but mortality was
significantly higher among HIV infected persons during the subsequent 2‐6 month treatment
period. The strong association between being HIV positive and mortality has important
implications on TB control programs as it clearly demonstrates a highly vulnerable population
and offers an important opportunity for collaborative activities between TB and HIV control
programs targeting dually infected persons. Aggressive monitoring of patients, long‐term‐follow
up and introduction of anti‐retroviral therapy, especially HARRT have a significant potential to
improve the outcomes among HIV/TB co‐infected persons (57,58). Therefore, establishment of
a longitudinal surveillance system to identify patients with HIV at an earlier stage and
subsequent introduction of HARRT would be valuable in these circumstances.
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This review has shown that several concomitant illnesses (in addition to HIV) likely
independently increase the risk of death among TB patients. Since all TB patients do not die
from TB, this is suggestive that there are co‐morbidities responsible for deaths. Although
several co‐morbid conditions such as malignancy, malnutrition and renal diseases are well‐
known risk factors for the development of active TB, their impact on mortality has been less
clear cut. However, all these factors were found to be associated with an increased mortality in
several studies reviewed in our SR. These findings are not surprising, since these conditions
have the potential to impair cellular immunity in TB patients, which not surprisingly might
increase the risk of dying. The superimposition of TB on chronic illness could be another
potential explanation for the increased risk of dying in these patients. Some of these co‐
morbidities such as malnutrition, anemia and respiratory failure are potentially reversible.
Specific interventions (such as nutritional supplement for patients with malnutrition or weight
loss and comprehensive treatment program for patients with malignancy) targeting these high‐
risk populations might be beneficial in order to improve the survival of TB patients.

Several behavioral factors such as alcoholism and drug abuse were significantly associated with
the increased mortality observed in this review. All these factors are indicative of a high risk life
style and were associated with increased morbidity and mortality (59‐61). In addition, use of
alcohol and other illicit drugs during treatment likely may attribute to reduced efficacy of drugs
due to poor adherence. Injection drug use is well‐recognized and a fundamental cause of
several blood‐borne diseases including HIV. However, these behavioral factors are subjects to
modifications. Interventions targeting those high risk populations are urgently required.
Establishment of a systematic approach in order to identify TB patients with alcoholism and
drug abuse, followed by the initiation of appropriate drug or alcoholism treatment programs
should be prioritized in the care plan of TB patients.

Severity of disease was found to be an important risk factor for mortality in this review. In the
case of PTB, severity of disease was quantified and termed differently (such as far advanced,
extensive disease, bilateral disease and cavitation etc) in different studies. All these descriptors
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are associated with extensive pulmonary TB and tend to increase the likelihood of an
unfavorable outcome. Paradoxically mortality was higher among patients with smear negative
TB. However, this might be confounded by HIV infection, as an increased prevalence of HIV was
observed among this group of patients (55). In addition, EPTB including miliary and meningeal
TB (both represent life threatening forms of TB) was found to increase the mortality risk among
TB patients. Due to atypical presentation, detection of smear negative TB and EPTB specially
disseminated and meningeal TB becomes quite challenging, which further increases

the

likelihood of missed or delayed diagnosis, eventually placing the TB patients at an increased
risk of dying without treatment. A high index of suspicion and if appropriate, initiation of
therapy before the confirmed diagnosis is critical in order to prevent morbidity and mortality
from these devastating forms of TB. An awareness regarding atypical presentations and the
increased mortality related to EPTB (especially miliary and CNS/meningeal TB) in the
community as well as in health care workers is required.

Several treatment‐related factors were found to be associated with an increased risk of death.
Incomplete treatment and no treatment at all were also found to increase the risk of death
among TB patients. Mortality was higher among patients whose diagnosis was missed initially
and whose treatment was delayed. In low‐burden settings, physicians tend to become less
aware of the possibility of TB as a diagnosis due to lack to TB cases, especially among patients
with atypical presentations, which increases the risk of a missed diagnosis. This observation was
seen in two studies. A Dutch study demonstrated an independent association between
diagnosis by type of physicians and mortality. Another study in Canada reported better survival
outcomes associated with physician experience in managing TB. These factors are potentially
reversible with improved education of physicians.

This review has several limitations. Our search strategy was limited to English literature.
Therefore it is possible we missed some important non‐English studies were not included in this
review. Only very few studies reported mortality in terms of person years. Due to the
unavailability of mortality in person years, we could not make an overall estimate of mortality
128

in a standardized time unit despite differential follow up times used by several studies. Wide
variation was observed across studies in terms of study design, population and setting, which
preclude us to yield an overall robust quantitative assessment. Autopsy is considered as a gold
standard for specific cause of death. Definition of TB‐related deaths varied widely across
studies due to the limited number of autopsy‐proven cases in the majority of studies. Cautions
should be considered in interpreting the findings resulting from TB‐caused deaths.

4.5 CONCLUSIONS
In conclusion, mortality among TB patients varies significantly but in some settings is high.
Mortality was twice as high in high‐burden countries compared to subjects in a low‐burden
setting. The higher mortality among HIV positive TB patients compared to HIV non‐infected
patients was consistently observed in many studies. Besides HIV, older age was widely
documented to be a significant risk factor. Other important risk factors were unemployment,
homelessness, co‐morbid conditions (such as malignancy, renal failure and malnutrition), EPTB,
smear negative TB and. MDR TB. These findings have important implications for TB control
programs. Several risk factors are potentially modifiable. Interventions targeting high risk
populations should be considered.
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CHAPTER 5: AN ALL CAUSE MORTALITY STUDY AMONG
PATIENTS WITH TUBERCULOSIS IN BRITISH COLUMBIA28

28

‐“A version of this chapter will be submitted for publication. Moniruzzaman, A. Kazanjian, A. Wong, H. Elwood,
R.K. and FitzGerald, J. M. (2010) Mortality (all‐cause) in TB patients in British Columbia ‐ a population‐based study.”
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5.1 INTRODUCTION
Mortality in TB patients continues to pose a significant public health challenge throughout the
word. Globally, TB accounts for 6% of all deaths and more than one fourth of all preventable
adult deaths (1‐3). An estimated two million people die of TB each year, (1.8 million deaths in
2008) with a case fatality rate (CFR) of up to 53% (overall global CFR is 23%) (4‐6). The number
of deaths caused by M. tuberculosis was higher than that of any other infectious agent in the
pre‐HIV era (7,8). Currently, TB remains the second commonest cause of death due to a single
infectious agent (HIV ranks first). In the modern era, all TB‐related deaths are potentially
preventable. This raises a simple question, why are we experiencing so many deaths related to
TB despite the presence of effective chemotherapy? If appropriate interventions are not
effectively implemented, many patients with this preventable and treatable disease will
continue to have unnecessary morbidity and mortality. It is widely acknowledged that more
epidemiological research is required on the etiology and treatment of TB including identifying
the determinants of mortality among TB patients.

Although studies conducted in this area have identified several factors (e.g., older age, HIV
infection, multi‐drug resistance, co‐morbid conditions, and immune‐suppression status) as
being associated with TB related mortality (2,9‐15), the epidemiological risk factors for
mortality requires further exploration. In addition, there is a scarcity of longitudinal,
population‐based studies. Most studies have been conducted on hospitalized patients or in
selected population (2,10,11,16‐23).

Studies based on narrowly defined populations are prone to have limited external validity,
which often affects their application to the general population. Research focused on examining
the impact of preventable risk factors on mortality among TB patients in a general population
setting is clearly required to address these information gaps. There is a scarcity of
epidemiological and clinical research in Canada on TB‐related mortality. Recently, TB mortality
has caused a growing concern in many industrialized countries of world due to an increase in
the number of TB related deaths (16,24,25). This situation reinforces the need for an
139

investigation of the risk factors for TB related mortality in a Canadian setting. The purpose of
this study was to describe the characteristics of TB patients who died from any cause, to
investigate epidemiological trends for deaths compared to the general population in British
Columbia and identify the risk factors associated with mortality among TB patients.

5.2 METHODS
The provincial TB service (TB Control Division) at the British Columbia Centre for Disease
Control (BCCDC) acts as a referral centre for the prevention, control and treatment of TB in
British Columbia (BC). TB control activities in BC are centralized; this center maintains a central
registry that includes information on all TB patients diagnosed in the province. In addition, all
mycobacteriology tests are coordinated by this center. The BCCDC TB laboratory, which
performs all culture and drug susceptibility tests, also severs as the reference laboratory for this
province. This study used a retrospective cohort study design and included all TB patients that
were diagnosed in BC from 1990 to 2006. For descriptive statistics such as ASMR, we used all TB
patients. However, we used a restricted sample to indentify risk factors associated with
mortality among TB patients. Patients who had a history of TB diagnosis before 1990 were not
included in the Cox regression analysis.

5.2.1 Variables Description
Age was estimated at the time of diagnosis. Age was also analyzed as a continuous variable as
well as a categorical variable. Four age groups were constructed and 0‐40 years was used as the
reference group. Based on year of birth, several birth‐cohorts were constructed for each
decade (for examples, 1901‐1910, 1911‐1920, 1921‐1930 etc.). Death was defined as a patient
who had an active TB diagnosis and died from any cause during the study period (1990 to
2006). A detailed description of several important variables was provided in Chapter 2.
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5.2.2 Statistical Analysis
An initial descriptive analysis for the study population was performed. Comparisons of
continuous variables were done using student t test and Wilcoxon rank sum test whenever
appropriate. Categorical variables were compared using the chi‐square test and Fisher’s exact
test (if one of the expected cell values were less than 5).

For each calendar year, a crude death rate per 1000 from 1990 to 2006 was calculated for the
TB cohort, and was compared to the crude death rate in the general population of BC. The
crude mortality rate ratio was also calculated for this purpose. Since the TB cohort consists of a
selective group from the general population, the age standardized mortality ratio (ASMR) was
also estimated for each year. The estimated population of BC for each year was considered as
the general population. The age specific death rate of the general population of BC was used to
estimate ASMR for the TB cohort. The age groups considered to estimate ASMR were as
follows: 0‐24 years, 25‐44 years, 45‐64, years, 65‐84 years, and 85 plus years. To calculate age
specific death rate of the TB cohort, total active TB cases of each calendar year were considered
as denominator and total deaths among TB patients in the same calendar year were used as the
numerator. Age for active TB cases (denominator) that were diagnosed in the each calendar
year was recalculated at midpoint of the same calendar year. Age of death was used for the
active TB cases that died. All general population data were downloaded from the BC Vital
Statistics website for the years of 1990‐2006.

To identify risk factors associated with mortality among TB patients, single variable and multi‐
variable Cox regression was chosen as the primary analytic method. Patients with a history of
diagnosis before 1990 were not eligible for follow up and excluded from the Cox regression
analysis. Hazard ratio (HR) with the corresponding 95% Confidence Interval was reported as a
measure of association. All reported p values were two sided. For this time to event analysis,
deaths among TB patients during follow the up period was the primary outcome. Follow up
time was estimated as the difference between time 1 and time 0. Date of diagnosis of the
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primary episode of TB patients was the time 0. Patients were censored if they died (event of
interest), or were lost to follow up, or left the Province, or reached study end point (December
31st, 2006). These times were considered as time 1.

Due to missing observations that was associated with co‐morbid conditions (such as HIV/AIDS,
diabetes mellitus, malignancy, malnutrition, alcoholism, drug abuse, and chronic renal failure),
the effects of these co‐morbidities was also assessed with and without missing observations in
univariate and multivariable setting. While evaluating the effect of a co‐morbid condition in
presence of missing observations, patients without the co‐morbidity and with unknown status
were used as the reference group.
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Figure 5.1: Study population for all‐cause mortality among TB patients (n=5408)

5433 TB Cases Registered with TB Division
between 1990 and 2006

Excluded (n=25)

TB patients who were
originally diagnosed in 1989

Study Cohort (n= 5408)

Excluded: TB patients with primary
episode before 1990 or unknown status

Eligible for follow up (n=5021)
January 1st, 1990: Follow up
starts

Outcome of interest: Death (953
events between 1990 and 2006)

December 31st, 2006: Follow
up ends

1) Primary Analysis: Cox regression among patients with primary
episode 1990 or after (deaths vs. survivors, n=5021)
2) Additional analysis: patients who died during treatment (n=309) vs.
who did not die during treatment (4904)
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Several criteria were followed to select variables for multi‐variable Cox regression analysis. In
addition to statistical significance in bi‐variate analysis, evidence from the literature and items
of clinical relevance were also considered to select variables for multi‐variable models.
Proportionality assumptions for several important variables (for instances, birth place and
ethnicity) were also assessed. Two multivariable models (Model 1 and Model 2) were
constructed. Variables that were considered in the first multivariable model (Model 1) were as
follows: age, gender, birthplace, TB recurrence, culture confirmed TB, disseminated TB,
CNS/meningeal TB, far advanced TB, moderately advanced TB, HIV/AIDS status, malignancy,
renal failure, diabetes mellitus, immunosuppressive medication, malnutrition, alcoholism and
substance abuse. We constructed a separate multivariable model (Model 2) which included
ethnicity and all the above listed variables except birthplace. Both multivariable models
evaluated the effects of co‐morbid conditions in presence of missing observations
(no/unknown status was used as the reference group).

Additional Univariate and Multivariable Cox regression models were constructed for each co‐
morbid and behavioral condition. This analysis was restricted to patients who provided valid
responses (Yes or No) to co‐morbidity status. A more detailed description of multivariable
models for co‐morbidities without missing observations was presented in the Appendix A (Table
A.7). All these multivariable models (Model 5 to Model 11) were controlled for age, gender,
ethnicity, recurrence, culture status, diagnosis‐related factors, and HIV/AIDS status. In all these
multivariable models (Model 5 to Model 11), only the adjusted hazard ratio (AHR) of the co‐
morbid condition was reported. For example, the variables that were used for Model 5 were:
any malignancy, age, gender, birthplace, TB recurrence, culture confirmed TB, disseminated TB,
CNS TB, far advanced TB, moderately advanced TB and HIV/AIDS status. The corresponding AHR
of any malignancy was only reported.

Most of the published literature reported mortality among TB patients who died during
treatment. Therefore, we conducted additional analysis to identify risk factors for mortality
during treatment in this TB cohort. Death during TB treatment was the primary outcome and
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patients who did not die during treatment were the comparison group for this additional
analysis. Univariate and multivariable logistic regression was conducted in this setting (since
patients were observed for a fixed length of time). To select variables for multivariable models,
a similar strategy was followed as used for Cox regression method.

5.3 RESULTS
5.3.1 Description of Study Cohort and Mortality
The study population included a total of 5408 TB patients, who had at least one active episode
of TB during the study period (1990 to 2006). The characteristics of the study population are
presented in Table 5.1. The mean age of the study cohort was 49 years while the median was
47 (IQR: 31‐67) years. There were more males (55%) than females. Foreign‐born subjects
accounted for two‐third (67%) of the total cases. In terms of ethnicity, Chinese subjects
represented the highest percentage (24%) of all TB patients followed by Caucasian (17%).
Aboriginal people represented 13% of total TB cases. This TB cohort was over‐represented by
people who were born in western‐Pacific regions (40%) while people born in the WHO Pan‐
American Health Regions represented 31% of subjects. The socio‐demographic characteristics
of patients who died are also presented in Table 5.1.
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Table 5.1: Socio‐demographic characteristics of study cohort (n=5408)

Variable

Age at diagnosis
Mean (SD)
Median (IQR)
Age at death
Mean (SD)
Median (IQR, Min‐ Max)
Age groups
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Birth place
Canadian‐born non‐
Aboriginal
Canadian‐born Aboriginal
Foreign‐born
Unknown
Birth Country regions
PAHO
African Region
Eastern Mediterranean
Europe
Southeast Asia Region
Western Pacific Region
Unknown /missing
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino
Vietnamese
Others
Unknown /Missing
Marital status
Single
Not single
Other /Unknown/missing

All cases (n=5408)
N (%)

Patients who died (n =1069)
N (%)

Years
48.7 (21.8)
46.7 (31‐67)

Years
65.2 (17.6)
68.6 (51‐79)
Years
67.7 (17.8)
71.6 (53‐82, 15‐107))

_

2213 (41)
1421 (26)
1366 (25)
408 (8)

109 (10)
235 (22)
428 (40)
297 (28)

2951 (55)
2457 (45)

713 (67)
356 (33)

876 (16)
709 (13)
3606 (67)
217 (4)

227 (21)
203 (19)
476 (45)
163 (15)

1686 (31)
97 (2)
138 (3)
270 (5)
762 (14)
2181 (40)
274 (5)

446 (42)
7 (1)
9 (1)
66 (6)
99 (9)
242 (22)
200 (19)

938 (17)
709 (13)
1293 (24)
830 (15)
428 (8)
306 (6)
558 (10)
346 (6)

304 (28)
203 (19)
213 (20)
108 (10)
25 (2)
14 (1)
44 (4)
158 (15)

1111 (20)
1564 (29)
2733 (51)

194 (18)
336 (31)
539 (51)
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Table 5.2: Comparisons of crude death rates (CDR) and age standardized mortality ratios
(ASMR) in British Columbia from 1990 to 2006 (TB cohort vs. general population)

TB Cohort

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
Total

Total TB
cases

Total deaths
among TB
patients

Crude Death
Rate/1000

General
Population
(BC)
Crude Death
Rate/1000

275
284
336
340
332
324
326
418
333
327
314
368
300
325
310
278
335
5525

27
31
40
48
53
45
66
68
70
89
69
92
87
89
99
46
50
1069

98.2
109.2
119.0
141.2
159.6
138.9
202.5
162.7
210.2
272.2
219.7
250.0
290.0
273.8
319.4
165.5
149.3
Median: 166

7.1
7.1
7.1
7.2
7.0
6.9
7.1
6.9
7.0
7.0
6.8
6.9
7.0
7.0
7.1
7.1
7.1
Median: 7

Rate Ratio (TB cohort/General
Population)
Crude Death
Rate Ratio
(Column 4/
Column 5)
14
16
17
20
23
20
29
24
30
39
33
36
41
39
45
23
21
Median: 24

ASMR

9
9
12
13
15
14
20
15
19
24
22
22
29
24
27
16
15
Median: 16

During the entire study period, 1069 (19.8%, 95% CI: 18.7%, 20.9%) deaths were observed
among all notified TB cases. Out of the 1069 deaths, 178 patients (17%) died before treatment
could be commenced, 309 patients (29%) died during treatment and 565 patients (53%) died
after treatment. A small minority 17 (1%) patients could not be categorized into treatment
categories due to missing information. Among patients who did not receive any treatment, 173
cases were diagnosed at post mortem or with culture results that became available after the
subject died. Although TB was discovered before death in the remaining five cases, treatment
could be initiated in those cases. Therefore, deaths in the treatment groups were as follows: no
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treatment category‐ 178/5408=3.2%; during treatment category‐ 309/5408=5.7%; and post‐
treatment category‐ 565/5408=10.5%.

Figure 5.2: Trend of crude death rates for TB cohort in British Columbia from 1990 to 2006
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Figure 5.3: Trend of age standardized mortality ratios (ASMR) for TB cohort in British
Columbia from 1990 to 2006
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Table 5.3: Number of deaths among TB patients in BC over time (1990‐2006) by birth cohort
Year of Birth
Year of
Death
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
Total
deaths
Total
cases
% of
death

1910
or
before
9
11
6
8
9
7
7
4
4
10
3
7
6
5
5
2
1

1911‐
20

1921‐
30

1931‐
40

1941‐
50

1951‐
60

1961‐
70

1971‐
80

1981‐
90

1991‐
06

Total
deaths

2
5
13
13
13
8
9
23
20
19
19
24
14
25
24
8
11

8
9
9
9
10
12
22
11
20
24
14
24
19
17
31
10
7

3
3
2
2
3
2
8
12
7
12
15
11
10
16
15
8
5

3
2
7
7
9
5
6
6
5
5
7
11
11
9
9
7
7

2
2
2
6
5
9
10
7
9
11
5
9
16
8
9
8
7

0
0
1
3
4
2
3
5
5
6
2
6
8
7
4
3
9

0
0
0
0
0
0
1
0
0
1
4
0
2
1
2
0
3

0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

27
32
40
48
53
45
66
68
70
88
69
92
87
89
99
46
50

104

250

256

134

116

125

68

14

2

0

1069

154

474

739

631

648

828

941

621

274

98

5408

0.68

0.53

0.35

0.21

0.18

0.15

0.07

0.02

0.01

0.00

0.20
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Figure 5.4: Trend of deaths among TB patients in British Columbia from 1990 to 2006 by birth
cohort
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5.3.2 Comparisons of Mortality between TB Cohort and General Population
Table 5.2 shows the crude death rate (per 1000) for the TB cohort for each calendar year
(Range: 98‐319, Median: 166). The CDR was lowest in 1990 (98) and was highest in 2004 (319).
The trend of CDR showed an increasing trend from 1990 to 2004 (Figure 5.2). There was a
substantial drop in CDR in 2005 (166) and in 2006 (149) compared to 2004 (314), but these
rates were still much higher than the rates in the initial period (1990 to 1994). On the other‐
hand, the CDR for the general population was stable during the entire study period and was
approximately 7 per 1000 (Table 5.2 and Figure 5.2). The ratio of these crude death rates (TB
cohort vs. the general population) is also presented in Table 5.2. The CDR for the TB cohort was
much higher for each calendar year. In 1990, the CDR was 14 times higher and in 2004, it was
45 times higher compared to general population. In 2005 and 2006, the ratios were 23 and 21
respectively.

The age standardized mortality ratio (ASMR) was estimated for each year, which is shown in
Table 5.2 and Figure 5.3. These ratios were lower compared to the Crude Death Rate ratio, but
much higher than one. Overall, ASMR showed an increasing trend from 1990 to 2006 (Range: 9‐
29, Median: 16). The peak ASMR was observed during 2002 to 2004. The ASMR was 9 in 1990
and 15 in 2006. The ASMR was the highest in 2002 (29) and lowest in 1990 and 1991 (9). In
2004, the ASMR was 27 while CDR ratio was 45 in the same calendar year.
Table 5.3 shows the number of deaths according 10‐years birth‐cohort. As expected, TB
patients who were born in 1910 or before had the highest death rate (68%). Overall, the
cumulative proportion of patients who died decreased among younger patients in the cohort.
No deaths were observed among TB patients who were born after 1990. Patients born
between 1961 and 1970 accounted for the highest percentage (17%) of all TB cases and had a
mortality rate of 7%. The preceding birth‐cohort (1951 to 1960) had a two‐fold higher mortality
rate (15%) compared to the birth‐cohort of 1961‐70. The death patterns among TB patients
according to birth‐cohort were graphically presented in Figure 5.4.
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Figure 5.5: Histogram of age at death for TB patients who died between 1990 and 2006
(n=1069)

5.3.3 Followup and Risk Factors for Allcause Mortality among TB Patients
Out of 5408 TB patients, 5021 (93%) TB patients were eligible for follow up, which contributed
953 events and in‐total 33,035 person‐years (PYs) during the entire observation period. The
overall occurrence of death was 29 per 1000 PYs. The median follow up was 5.9 years (Range:
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0‐17 years, Inter‐Quartile Range: 1.6‐10.9 years). The median time of death (since the initial
diagnosis) was 1.1 years (Range: 0‐15.6 years, IQR: 0.1‐3.8 years). During the initial period, the
cumulative mortality at the first 6 (393 deaths) and 12 months (466 deaths) was 8% and 10%
respectively. Mortality at 5 years (779 deaths), 10 years (903 deaths), and 15 years (952 deaths)
were 17%, 22% and 26% respectively.

Table 5.4 shows the incidence of mortality in terms of person years and the results from
univariate Cox regression (unadjusted HR estimates) for socio‐demographic characteristics. The
risk of dying increased significantly with age (UHR: 1.05 per year, 95% CI: 1.04, 1.05) and was
the highest among the older age groups. Males had an increased likelihood (UHR=1.79, 95% CI:
1.57, 2.05) to die compared to females. The risk of dying was twice as high among Canadian‐
born non‐aboriginal subjects (Unadjusted HR=1.93, 95% CI: 1.64, 2.28) and Aboriginal people
(UHR: 2.08, 95% CI: 1.74, 2.49) compared to the foreign‐born. In terms of ethnicity, Caucasian
(Unadjusted HR=2.78) and Aboriginals (Unadjusted HR=2.35) had a significantly increased risk
of dying compared to the reference group (Chinese, Filipino and Vietnamese).

Table 5.5 presents unadjusted HR estimates for the diagnosis related factors. TB patients who
died were less likely to have presented with recurrent disease (Unadjusted HR=0.59) and more
likely to have culture confirmed TB (Unadjusted HR=2.50). Overall, patients with extra‐
pulmonary TB had a decreased likelihood (Unadjusted HR=0.68) of dying compared patients
with pulmonary TB (PTB). However, a number of specific TB diagnoses were significantly
associated with a greater risk of mortality. For examples, patients who had disseminated TB
(Unadjusted HR=4.40), far advanced PTB (Unadjusted HR=2.16), CNS/meningeal TB (Unadjusted
HR: 1.69) or moderately advanced PTB (Unadjusted HR=1.33) were more likely to die. Patients
with MDR TB did not have a significant impact on mortality (Unadjusted HR=0.85, 95% CI: 0.35,
2.04) compared to patients with drug sensitive TB.
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Figure 5.6: Survival curve among aboriginal (bottom line), canadian‐born non‐aboriginal and
foreign‐born (top line) TB patients29

29

‐p value from Log Rank test was <0.001.
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Table 5.4: Comparisons of socio‐demographic characteristics between TB patients who died
during follow up period (n=953) and who survived (n=4068)

Variable

Number of
death

Total Person
Years (PYs)

Death/1000
PYs

Unadjusted Hazard
Ratio (95% CI)

Overall

953

33035

29

‐

Age at initial diagnosis
Mean (SD)
Age groups (at first diagnosis)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Birth place
CB non‐aboriginal
CB Aboriginal
Foreign‐born
Birth Country regions
PAHO
African Region
Eastern Mediterranean
European Region
Southeast Asia Region
Western Pacific Region
Ethnicity
Caucasian
Aboriginals
Southeast Asian
Other Ethnicity
Chinese/Filipino/Vietnamese
Marital status
Not single
Single

1.05 (1.04, 1.05)
127
222
413
191

16316
8583
6775
1361

8
26
61
140

Reference
3.11 (2.50, 3.87)
7.01 (5.74, 8.55)
13.59 (10.85, 17.03)

627
326

16799
16236

37
20

1.79 (1.57, 2.05)
Reference

207
170
419

5821
4600
22100

36
37
19

1.93 (1.64, 2.28)
2.08 (1.74, 2.49)
Reference

391
7
9
59
96
200

10999
604
837
1709
4632
13619

36
12
11
35
21
15

2.49 (2.10, 2.96)
0.77 (0.36, 1.64)
0.72 (0.37, 1.39)
2.39 (1.79, 3.19)
1.35 (1.06, 1.72)
Reference

273
170
104
40
213

6112
4600
5283
3072
12933

45
37
20
13
16

2.78 (2.33, 3.33)
2.35 (1.92, 2.88)
1.16 (0.92, 1.46)
0.74 (0.53, 1.04)
Reference

271
169

12043
9259

23
18

1.21 (1.00, 1.47)
Reference
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Table 5.5: Comparisons of diagnosis type and related factors between TB patients who died
during follow up period (n=953) and who survived (n=4068)

Variable

Number of
death

Total Person
Years (PYs)

Death/1000
PYs

Unadjusted
Hazard Ratio
(95% CI)

Overall

953

33035

29

‐

938
15

32071
963

29
16

Reference
0.59 (0.36, 0.99)

119
834

9385
23650

13
35

Reference
2.50 (2.06, 3.02)

779
50
5

21594
2092
143

36
24
35

Reference
0.68 (0.51, 0.91)
0.85 (0.35, 2.04)

703
185
65

21604
9905
1526

33
19
43

Reference
0.59 (0.50, 0.70)
1.23 (0.95, 1.58)

840
113

32254
781

26
145

Reference
4.40 (3.62, 5.36)

933
20

32656
378

29
53

Reference
1.69 (1.09, 2.64)

909
44

32188
847

28
52

Reference
2.16 (1.59, 2.92)

848
305

29645
3390

28
90

Reference
1.33 (1.08, 1.63)

904
49

31945
1090

29
45

Reference
1.09 (0.82, 1.45)

Case type
New
Recurrent
Culture results
Negative/no culture
Positive
Drug resistance status
Sensitive
Mono/poly resistance
MDR
Disease type of current episode
Pulmonary
Extra‐pulmonary
Both
Miliary/disseminated TB
No
Yes
CNS/Meningeal TB
No
Yes
Far advanced pulmonary TB
No
Yes
Moderately advanced pulmonary TB
No
Yes
Cavitary TB
No
Yes
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Table 5.6: Comparisons of co‐morbidities between TB patients who died during follow up
period (n=953) and those who survived (n=4068)

Variable

Number of
death

Total Person
Years (PYs)

Death/1000
PYs

Unadjusted Hazard
Ratio (95% CI)

Overall

953

33035

29

‐

861
92

31079
1956

28
47

Reference
1.61 (1.30, 1.99)

920
33

32753
282

28
117

Reference
3.49 (2.46, 4.94)

848
105

31414
1621

27
65

Reference
2.36 (1.93, 2.89)

867
86

32119
916

27
94

Reference
2.87 (2.30, 3.58)

824
129

31931
1103

26
117

Reference
3.42 (2.83, 4.12)

873
80

32574
460

27
174

Reference
4.96 (3.94, 6.24)

916
37

32446
588

28
63

Reference
2.02 (1.45, 2.80)

914
39

32732
303

28
129

Reference
3.69 (2.68, 5.08)

Diabetes Mellitus
No/unknown
Yes
Malnutrition
No/unknown
Yes
Alcoholism
No/unknown
Yes
Substance abuse
No/unknown
Yes
Either HIV or AIDS
No/Unknown
Yes
Any Malignancy
No/unknown
Yes
Immunosuppressive
medication
No/unknown
Yes
Chronic Renal failure
No/unknown
Yes

Table 5.6 presents unadjusted hazard ratio estimates for behavioral factors and co‐morbid
diseases. TB Patients who had a history of alcoholism (Unadjusted HR=2.36) and who used
drugs (Unadjusted HR=2.87) were significantly more likely to die. In addition, presence of
diabetes mellitus (Unadjusted HR=1.61), malnutrition (Unadjusted HR=3.49), HIV/AIDS
(Unadjusted HR=3.42), malignancy (Unadjusted HR=4.96), immunosuppressive medication
(Unadjusted HR=2.02) and renal failure (Unadjusted HR=3.69) were also significantly associated
with mortality among TB patients.
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Table 5.7: Multivariable cox regression analysis for risk factors of mortality among TB patients
Variable

Model 1 (n=4811)
Adjusted HR
(95% CI)

Model 2 (n=4684)
Adjusted HR
(95% CI)

Age at diagnosis (per decade)

1.06 (1.05, 1.06)

1.06 (1.05, 1.06)

Male gender
Birth place
Foreign‐born
Canadian‐born non‐Aboriginal
Canadian‐born Aboriginal
Ethnicity
Caucasian
Aboriginals
Southeast Asian
Others
Chinese/Filipino/Vietnamese
Recurrent TB
Culture confirmed TB
Miliary /disseminated TB
CNS TB
Far advanced pulmonary TB
Moderately advanced pulmonary TB
Either HIV or AIDS30
Any malignancy31
Chronic renal failure32
Diabetes mellitus33
Immunosuppressive medication34
Malnutrition35
Alcoholism36
Drug abuse37

1.42 (1.22, 1.65)

1.45 (1.25, 1.69)

Reference
1.70 (1.42, 2.04)
2.65 (2.16, 3.26)

0.73 (0.43, 1.22)
1.42 (1.14, 1.77)
3.18 (2.48, 4.06)
1.43 (0.80, 2.56)
1.81 (1.29, 2.55)
1.06 (0.85, 1.33)
3.53 (2.70, 4.62)
2.58 (1.99, 3.35)
2.15 (1.40, 3.31)
1.14 (0.91, 1.44)
1.45 (1.00, 2.10)
1.07 (0.71, 1.63)
1.49 (1.16, 1.91)
1.95 (1.43, 2.65)

1.72 (1.42, 2.08)
2.60 (2.07, 3.27)
0.85 (0.67, 1.08)
1.01 (0.72, 1.43)
Reference
0.65 (0.36, 1.15)
1.30 (1.04, 1.61)
3.40 (2.67, 4.34)
1.63 (0.95, 2.78)
1.99 (1.44, 2.77)
1.09 (0.87, 1.36)
3.55 (2.72, 4.64)
2.36 (1.81, 3.07)
2.14 (1.39, 3.29)
1.22 (0.97, 1.55)
1.35 (0.93, 1.95)
1.29 (0.87, 1.93)
1.50 (1.17, 1.93)
1.89 (1.39, 2.58)

30

‐ Patients with negative HIV or unknown status was used as reference group
‐Patients without disease condition or unknown status was used as the reference group
32
‐ Patients without disease condition or unknown status was used as the reference group
33
‐ Patients without disease condition or unknown status was used as the reference group
34
‐ Patients without disease condition or unknown status was used as the reference group
35
‐ Patients without disease condition or unknown status was used as the reference group
36
‐ Patients without disease condition or unknown status was used as the reference group
37
‐ Patients without disease condition or unknown status was used as the reference group
31
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The adjusted HR estimates for mortality among TB patients are presented in Table 5.7. Patterns
of significant risk factors were similar in both multivariable Cox models (Model 1 and Model 2).
In multivariable Cox regression models (Model 1), significant risk factors for mortality included:
increasing age (Adjusted HR=1.06 per year), male gender (Adjusted HR=1.42), Canadian‐born
non‐aboriginal (Adjusted HR=1.70), Aboriginal people (Adjusted HR=2.65), culture confirmed TB
(Adjusted HR=1.42), Miliary TB (Adjusted HR=3.18), far advanced PTB (Adjusted HR=1.81),
HIV/AIDS (Adjusted HR=3.53), malignancy (Adjusted HR=2.58), renal failure (Adjusted HR=2.15),
history of alcoholism (Adjusted HR=1.49), and substance abuse (Adjusted HR=1.95). Caucasian
(Adjusted HR=1.72) also had an increased risk of mortality (Model 2). The effects of recurrence,
moderately advanced PTB, CSN/meningeal TB, diabetes mellitus, immunosuppressive
medication and malnutrition were not significant in multivariable models.

The frequency of missing observations was relatively higher for several co‐morbidities. The
mortality risk associated with each co‐morbid condition was evaluated separately with
univariate and multivariate setting. For this analysis, only TB patients with valid responses for
the corresponding comorbidity status were considered. The results of this sensitivity analysis is
presented in Appendix A (Table A.9 and Table A.10).

The risk factors for mortality were further investigated among TB patients who died during
treatment (comparison group: TB patients who did not die during treatment). The results of this
additional analysis are presented in Table 5.8. Overall, the variables which were significant in
the multivariable setting were similar to the primary analysis (Table 5.6). Increasing age (AOR:
1.06 per year), male gender (AOR: 1.64), Aboriginal people (AOR: 1.96), culture confirmed TB
(AOR: 2.13), disseminated TB (AOR: 4.64), HIV/AIDS (AOR: 5.62), malignancy (AOR: 4.01),
malnutrition (AOR: 2.34), renal failure (AOR: 4.18), alcoholism (AOR: 1.83) and drug abuse
(AOR: 2.24) were significant risk factors in multivariable models.
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Table 5.8: Univariate and multivariable logistic regression analysis for risk factors of mortality
for patients who died during treatment (n=309) and who did not (n=4904)

Variable

Age at diagnosis
Male gender
Birth place
Foreign‐born
Canadian‐born non‐Aboriginal
Canadian‐born Aboriginal
Birth Country regions
PAHO
African Region
Eastern Mediterranean
European Region
Southeast Asia Region
Western Pacific Region
Ethnicity
Caucasian
Aboriginals
Southeast Asian
Others
Chinese/Filipino/Vietnamese
Recurrent TB
Culture confirmed TB
Drug resistance status
Sensitive
Mono/poly resistance
MDR
Miliary/disseminated TB
CNS/Meningeal TB
Far advanced PTB
Moderately advanced PTB
Either HIV or AIDS38
Any Malignancy39
Chronic renal failure40
Immunosuppressive medication41

Patients died
during Treatment
(n=5213)

Patients died
during Treatment
(n=5073)

Patients died
during Treatment
(n=4934)

Unadjusted Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

1.05 (1.04, 1.05)
2.03 (1.58, 2.61)

1.06 (1.05, 1.07)
1.59 (1.18, 2.14)

1.06 (1.05, 1.07)
1.64 (1.20, 2.23)

Reference
1.40 (1.00, 1.95)
2.14 (1.56, 2.94)

Reference
1.08 (0.74, 1.58)
2.12 (1.40, 3.20)

‐

‐

‐

‐

1.13 (0.77, 1.66)
2.73 (1.56, 4.78)

1.12 (0.77, 1.64)
1.96 (1.24, 3.09)
0.74 (0.46, 1.18)
0.67 (0.35, 1.30)
Reference
1.04 (0.70, 1.56)
2.13 (1.25, 3.63)

3.90 (2.45, 6.23)

4.64 (2.91, 7.40)

5.26 (3.14, 8.81)
4.26 (2.70, 6.73)
4.72 (2.46, 9.06)
1.12 (0.55, 2.30)

5.62 (3.31, 9.56)
4.01 (2.52, 6.38)
4.18 (2.12, 8.24)
1.38 (0.69, 2.73)

2.03 (1.51, 2.73)
0.86 (0.27, 2.78)
0.59 (0.19, 1.90)
1.72 (0.99, 2.99)
0.84 (0.52, 1.35)
Reference
1.95 (1.39, 2.73)
2.26 (1.59, 3.21)
0.86 (0.55, 1.33)
0.55 (0.29, 1.00)
Reference
1.54 (1.09, 2.18)
5.63 (3.44, 9.22)
Reference
0.59 (0.35, 1.00)
1.58 (0.55, 4.50)
5.78 (4.06, 8.24)
1.26 (0.51, 3.17)
1.79 (0.92, 3.47)
1.29 (0.87, 1.92)
4.43 (3.20, 6.13)
6.03 (4.05, 8.97)
7.29 (4.45, 11.93)
2.40 (1.38, 4.18)

38

‐ Patients with negative or unknown HIV status was used as reference group
‐ Patients without malignancy or unknown status was used as reference group
40
‐ Patients without renal failure or unknown status was used as reference group
41
‐ Patients without immune‐suppressive medication or unknown status was used as reference group
39
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Variable
Diabetes mellitus42
Malnutrition43
Alcoholism44
Drug abuse45

Patients died
during Treatment
(n=5213)

Patients died
during Treatment
(n=5073)

Patients died
during Treatment
(n=4934)

Unadjusted Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

1.45 (0.97, 2.18)
5.41 (3.04, 9.63)
2.76 (1.93, 3.93)
3.57 (2.42, 5.27)

1.46 (0.67, 3.16)
1.66 (1.02, 2.69)
2.27 (1.28, 4.03)

2.34 (1.16, 4.70)
1.83 (1.13, 2.97)
2.24 (1.25, 4.02)

5.4 DISCUSSION
This study demonstrates that the overall crude death rate was 20% in a population‐based TB
cohort over a period of 17 years. When stratified by treatment, the death before treatment
category was 2.3% and during treatment category was 5.7%. The combined death rate (before
or during treatment) was 9.0%. The Kaplan Meier survival analysis demonstrated that the
cumulative mortality at 6 and 12 months were 8% and 10% respectively (overall mortality was
29 per 1000 PYs). In a previous study (26) that was conducted in BC for the period between
1980‐1984 a total of 201 deaths were identified among 1884 TB patients (CDR=
201/1881=10.6%). The current mortality rate is slightly lower compared to this previous BC
study. The CDR varies widely across studies, mostly due to differences in background incidence,
setting, methodology and observation period. However, the morality rate in the current study
was consistent with studies conducted in similar settings. For instance, a population‐based
study in Netherlands (12) in the period 1993‐1995 reported a mortality of 7% (258/4340) during
one year of follow‐up period while on treatment and 2% (105/4981) mortality at the time of
diagnosis. A recent study in Queensland, Australia, which has similar TB epidemiological feature
to Canada have shown that 12.7% of (127/1003=12.7%) of notified cases die before completing
treatment (27). The overall mortality in Australian study was slightly higher compared to our
42

‐ Patients without diabetes mellitus or unknown status was used as reference group
‐ Patients without malnutrition or unknown status was used as reference group
44
‐ Patients without alcoholism or unknown status was used as reference group
45
‐ Patients without drug abuse or unknown status was used as reference group
43
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study (9%), but comparable to the prior BC study (10.6 %.). Another population‐based study in
UK (28) reported a CFR (all‐cause) of 12.9% (158/1222) during 1980s among patients with
pulmonary TB while on treatment during a period of two years. This study also observed 50
deaths (50/1693=3%) who were diagnosed with TB on post‐mortem examination, slightly
higher compared to the current study. A Canadian study reported an all‐cause mortality rate of
12% among hospitalized TB patients (23). A USA study has shown an all‐cause mortality rate of
15% (31/212) among patients with extra‐pulmonary TB at one year (24).

This study demonstrated an excess mortality among TB patients compared with the general
population. In terms of crude death rate, TB patients had 26 (median) times higher mortality
compared to the general population of BC. Even controlling for age, the standardized mortality
ratio was much higher compared to the general population of BC. In the current study, the age
standardized mortality ratio (ASMR) which was estimated for each calendar year (1990 to 2006)
ranged from 9 to 29‐ lowest in 1990 and 1991 and highest in 2002. The median ASMR was 16.
Overall, the ASMR showed an increasing trend from 1990 to 2004 and had a peak in the period
1999‐2004. During 1999‐2004, each calendar year had an ASMR over 20. This excess mortality
during 1999‐2004 might be related to enhanced notifications of deaths among TB patients and
to HIV epidemic which was observed in this province during late 1990s. During 1990s, the
incidence of HIV in BC was very high which started to decrease in the following decade (29). For
example, the HIV incidence in BC was 22.7 in 1992, which fell to 9.4 in 2005 (29). In addition,
over‐representation by elderly and Aboriginal people, presence of concurrent disease and
increased frequency of drug abuse and alcoholism in certain ethnic groups (Aboriginal people
and Caucasians) could be other potential explanations for this excess mortality among TB
patients in this province.

A small number of studies have also compared mortality among TB patients with the general
population and reported SMR as an indicator of excess mortality. However, our SMR was higher
compared to the Netherland study although CDR was similar for both studies. The Dutch study
showed that TB patients had eight times higher mortality (SMR=8.3) at one year while on
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treatment compared to the general population (12). This Dutch study excluded patients who
died at the time of diagnosis. Another study conducted in England and Wales also reported ten‐
time excess mortality (all‐cause) among patients with pulmonary TB compared to the general
population after controlling for the effect of age and gender before the completion of
chemotherapy (28). The UK study (28) also excluded TB patients that were diagnosed post‐
mortem. Since the current study included mortality during the post‐treatment period that
contributed 50% of the total deaths, the excess mortality in the current study compared to
Dutch and UK study (12,28) might be due to inclusion of patients with post‐ treatment
mortality. A recent study which was conducted in Chennai, India found six‐times (SMR: 6.1)
excess mortality among TB patients compared to the general population at 20 months of follow
up period (30). Despite the Indian study having a higher CDR (9.4% at 20 months, our study:
5.7% during treatment), their standardized mortality ratio was much lower compared to this
study. The excess mortality among TB patients in this province compared to TB patients in India
might be due to differences in observation period and TB epidemiology in two settings. TB in
the industrialized nations mostly occurs among vulnerable individuals such as elderly people,
patients with co‐morbidities and marginalized populations (31).

This study identified a number of important risk factors of mortality among TB patients in
British Columbia, Canada. Increasing age, male gender, Canadian‐born non‐aboriginal status,
Aboriginal ethnicity, Caucasian ethnicity, culture confirmed TB, miliary TB, far advanced PTB,
HIV/AIDS, malignancy, renal failure, alcoholism and substance abuse were significantly
associated with mortality in multivariate analyses.

The increased likelihood of death among elderly people has been shown in previous studies
(9,12,28,31‐33). Elderly people are more likely to die from their diseases due to a decreased
immune response. In this TB cohort, one third of TB cases were diagnosed when they were
more than 60 years or older. Survivors were twenty years younger (at the time of last episode)
compared to patients who died. In addition, detection and management of TB among elderly
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patient is more challenging. A Canadian study conducted among hospitalized patients reported
a significant association between initially missed diagnosis and older age (23).

Our study demonstrated a predominance of death among males. This finding is consistent with
previous studies. Other studies have reported an increased risk of dying among males
(12,28)(30,34). Increased risk of death among males might be attributable to a higher
prevalence of concurrent diseases among men and/or due to predominance of risky behavior
such as alcoholism and drug abuse among males. Another potential reason might be an
increased frequency of more severe forms of TB among males. This was evident in the current
study. Both the frequency of drug abuse (10% vs. 6%, p=0.003) and alcoholism (16% vs. 5%,
p<0.001) was significantly higher among males compared to females. Several prognostic factors
/co‐morbidities such as HIV/AIDS (13% vs. 7%, p<0.001), malignancy (7% vs. 4%, p=0.002) and
malnutrition (4% vs. 2%, p=0.039) were significantly more frequent among males. More severe
forms of TB that were significantly associated with greater mortality were more likely to occur
in males (miliary TB: 5% vs. 4%, p=0.068; meningeal TB: 2% vs. 1%, p=0.251; far advanced PTB:
3% vs. 1%; p<0.001 and moderately advanced PTB: 9% vs. 6%, p=0.001).

Our study demonstrated an increased likelihood of dying among non‐aboriginal Canadian‐born
TB patients compared to foreign‐born subjects even after adjusting for the effects of age,
gender and other factors. Despite an over‐representation of foreign‐born people in the TB
cohort, this finding was not unexpected. Similar data has also been shown in many studies
conducted in industrialized countries with a high level of immigration. In the Dutch study, the
risk of dying was significantly lower among the non‐Dutch population compared with the Dutch
(12). The UK study (28) showed a very low mortality rate among TB patients who had
immigrated from the Indian sub‐continental (3.4%, overall: 12.9%). Another study in Lorraine,
France has shown that French origin (compared to foreign‐born) as a risk factor of mortality
during treatment (32).
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Several reasons such as life style and absence of concurrent diseases might be associated with
the decreased risk of mortality among foreign‐born population. The frequency of drug abuse
(10% vs. <1%) and alcoholism (10% vs. 1%) was much higher among Canadian‐born non‐
aboriginal subjects compared to the foreign‐born (Table A.11). An increased prevalence of
HIV/AIDS was also evident in this study (13% vs. 2%). In addition, the prevalence of other
concurrent diseases such as malignancy (5% vs. 2%) and malnutrition (2% vs. <1%) was more
frequent among Canadian‐born non‐aboriginal people compared to foreign‐born people. The
healthy migration effect might be another potential explanation for the reduced risk of
mortality among the foreign‐born. Despite immigrants coming from high prevalence countries,
immigrants are not true representatives of their birth country. Immigrants have a number of
positive factors that distinguishes then from non immigrants and makes them less likely to die.
This was evident from the current data as the average age of death for the Canadian‐born non‐
aboriginal people was twelve years lower (62.8 vs. 74.5 years) compared to foreign‐born
people. Even the average age of death for the general population of BC (range: 70.2 ‐73.9 years
during 1990‐2006) was lower than the average age of death of foreign‐born TB patients. The
immigration surveillance for newly arrived immigrants might lead to earlier detection of
disease, thus eventually leading to better prognosis.

This study demonstrated a disproportionate increased rate of mortality among TB patients in
several ethnic subgroups. Aboriginals had the highest level of mortality among all the ethnic
groups. When compared to Chinese/Vietnamese/Filipino, Aboriginals had three times more
likelihood to die. Not only that, the mean age of death for aboriginal people was 55 years, 8
years earlier compared to Canadian‐born non‐aboriginal and 20 years earlier compared to
foreign‐born subjects with TB. Aboriginal people were over‐presented in younger age (at death)
group – 20% of Aboriginal people were dying before the age of 41 compared to 14% among
Canadian‐born non‐aboriginal and 5% foreign‐born people. In addition, TB was diagnosed at
much earlier age among Aboriginal communities (average age of diagnosis was 41 years for
Aboriginals, 46 years for CB non‐aboriginals and 50 years for foreign‐born). The prior BC study
also reported a significantly elevated risk of mortality among indigenous TB patients (26). On
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the other hand, the Australian study reported that CFR did not differ significantly among ethnic
groups and no increased risk of TB‐related mortality among Indigenous Australians (27).

The excess mortality among Aboriginal people might be attributable to life style that increases
their vulnerability to death. In the current TB cohort, prevalence of drug abuse and alcoholism
among aboriginal people was 15% and 23% respectively, which were higher compared to
Canadian‐born non‐aboriginal (10% and 10%) and much higher compared to the foreign‐born
(1% and <1%). Overall, Canadian aboriginal people were over‐represented in HIV epidemic
(35,36), which could be related to increased frequency of substance abuse, eventually leading
to a worse prognosis. Despite universal access to health care, Aboriginal people were also over‐
represented in marginalized populations who were also hard to reach. As result, the early
detection of diseases becomes more challenging in Aboriginal population (might be related to
failure in seeking care). Strengthening of TB control initiatives targeting Aboriginal Canadians
should be introduced immediately in order to reduce the risk of premature death. Culturally
more appropriate interventions in addition to the current TB care might be valuable in this
setting.

This study identified an increased likelihood of death among Caucasians. This association is not
unexpected. Studies conducted in similar settings have shown an increased risk among
Caucasians. The UK study (28) showed a higher mortality among Caucasians compared to
patients who had immigrated from the Indian sub‐continental (16% vs. 3.4%, p=0.09). However,
the results of the current study contrasts with previous mortality study from BC, which showed
an increased risk of dying among non‐white (mostly Asians) compared to Caucasians. Black and
Hispanic had the highest mortality rate in a USA study (37). Mortality among Caucasians was 45
per 1000 PYs, even higher than that Aboriginal people in the current study. The increased risk of
death among Caucasians might be related to the predominance of males and elderly population
as well as increased presence of co‐morbid conditions in the Caucasian population. In this
study, among Caucasians, 68% were male and 41% was more than 60 years old at the time
diagnosis. Prevalence of drug abuse (18% vs. <1%), alcoholism (20% vs. 2%), HIV/AIDS (21% vs.
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2%) and malignancy (13% vs. 5%) was significantly higher among Caucasians compared to Asian.
Miliary TB (5% vs. 3%), far advanced TB (4% vs. 2%) and moderately advanced TB (13% vs. 5%)
were significantly more frequent among Caucasians compared to Asian subjects.

Severe forms of TB, disseminated/miliary TB and far advanced TB were significant risk factors
for mortality among TB patients in the current study. Other studies conducted in similar setting
confirmed this association (24,38,39). For example, disseminated TB was associated with a poor
prognosis among patients with extra‐pulmonary TB in a study conducted at an inner‐city USA
hospital (24). Previous studies reported a very high short‐term mortality among patients with
disseminated (20‐86%) (24,38‐41) and meningeal (22‐70%) TB (24,42‐45). In the current study,
the death rate was very high among patients with miliary TB (145 deaths per 1000 PYs and CFR
was 50%). Due to atypical presentation, detection of disseminated TB is often difficult, which
increases the likelihood of a missed or delayed diagnosis, eventually placing the TB patients at
an increased risk of dying without treatment. Disease severity for pulmonary TB, which was
measured by radiological extent of disease, (2,3,28) has been found to be significant in other
studies (28). Advanced TB (bilateral lung involvement and cavitary lesions) was a significant
predictor of mortality in multivariable model in the study conducted in Samara, Russia (46). A
high index of suspicion, for earlier diagnosis and subsequent initiation of chemotherapy before
the diagnosis is confirmed would be valuable under these circumstances. Awareness including
increased education regarding the atypical presentation and the increased mortality related to
miliary and other severe forms of TB should be considered in order to prevent morbidity and
mortality from these devastating types of TB.

Our study demonstrated that patients with culture‐confirmed TB had an increased risk of dying.
This finding was consistently observed in multivariate model as well as in univariate model
conducted for each treatment group. Although few studies investigated this type of association,
the relationship between culture‐confirmed TB and mortality was not clear‐cut. The
bacteriological confirmation was not significant in multivariable setting in the Dutch study. In a
study from Guinea‐Bissau, a positive smear result was negatively associated with mortality (9).
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The relationship between positive smear result and mortality was insignificant in South African
studies using a multivariate analysis. (47,48). However, the study conducted in India (30)
identified smear positive disease as an independent risk factor for TB mortality (all cause, on
treatment). A study in Tomsk Oblast has shown that culture positivity was associated with
mortality (31). The presence of AFB in sputum was positively associated with all‐cause mortality
in the prior BC study (26).

Furthermore, this association might be due to the increased frequency of severe forms of TB
among culture positive patients and an increased presence of co‐morbidity. This was evident in
the current data. The frequency of miliary TB (5% vs. 2%, p=<0.001), meningeal TB (2% vs. 1%,
p=0.006), far advanced PTB (2% vs. <1%; p<0.001) and moderately advanced PTB (9 % vs. 3%,
p<0.001) was significantly higher among culture positive patients compared to TB patients with
no culture or negative culture results. The prevalence of drug abuse (10% vs. 2%, p<0.001) and
alcoholism (13% vs. 5%, p=<0.001) as well as other prognostic factors such as chronic renal
failure (4% vs. 1%, p=0.002), malnutrition (3% vs. 1%, p=0.001) and HIV/AIDS (12% vs. 2%,
p<0.001) was significantly higher among culture‐confirmed TB cases in comparison to patients
with negative cultures.

In the current study, multi‐drug resistance (MDR) was not associated with mortality in
univariate Cox regression analysis. The small number of MDR cases in this cohort as well as a
low rate of resistance among Aboriginals or Canadian‐born non‐aboriginal likely contributes to
this result. Although several studies have shown MDR as an important prognostic factor for
death among TB patients (16,31,49), other studies did not find a significant association between
drug resistance and mortality. For examples, the Australian study also reported no increased
risk of mortality among patients with MDR (27). MDR‐TB did not have a significant impact on
mortality in a US study (24). Another study in high burden setting like South Africa
demonstrated no increased risk associated with drug resistance, especially with MDR (47,48).
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The current study demonstrated a significantly increased likelihood of death among HIV
positive patients (117 deaths per 1000 PYs). The increased risk of death associated with HIV has
been consistently observed in previous studies (9,10,12,32,47,50,51). A Dutch study observed a
tenfold increased risk of dying among HIV/TB co‐infected patients. The effect of HIV was more
pronounced in most African studies, where the prevalence of HIV/TB co‐infection was
considerably higher (9,47,48,52‐55). For examples, a study in South Africa (47) reported that
HIV positive patients were fifteen times more likely to die from TB compared to HIV negative TB
patients. In another prospective cohort study in South Africa, mortality at 6 months (all‐cause)
was 13.7% among HIV positive patients and was 0.5% among HIV‐negative patients (48).

In this study, 45% of all HIV co‐infected subjects died and the mean age of these patients at
death was 42 years. The high mortality among HIV/TB co‐infected patients is related to the
immune ‐suppression caused by HIV itself. As a result, HIV/AIDS is considered as an important
prognostic factor for TB patients. Due to its association with immune‐suppression, the HIV
epidemic has significantly changed TB epidemiology globally. In North America, morbidity and
mortality related to TB has increased substantially since 1990, mostly related to increased
prevalence of HIV/TB co‐infection during the post‐HIV era (56). In this study, 5.5% of all TB
cases were HIV positive. During 1990s, the incidence of HIV in this province was relatively high
(29). In 1992, the HIV incidence in BC was 22.7, which dropped to 9.4 in 2005 (29).

This study demonstrated an increased risk among patients with malignancy and chronic renal
failure. As a marker of immune‐suppression, malignancy increases the likelihood of death in TB
patient. The increased risk associated with this co‐morbidity was consistently found in other
studies. Malignancy was a strong predictor (AHR: 3.1) of mortality in the Dutch study (12). 61%
(n=97) of TB patients who had malignancy died during the study period and the mean age of
death of these patients was 71 years (IQR: 66‐81 years). Among patients with renal failure, CFR
was 47% and mean age of death was 67 years (IQR: 59‐78 years). Deaths among older subjects
were largely attributable to co‐morbid conditions such as malignancy and renal failure, rather
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than drug abuse, alcoholism and HIV/AIDS. However, coexisting chronic diseases were not
significant in the USA study (24) possibly due to the small number of cases.

This study demonstrates an increased likelihood of death among TB patients with alcoholism
and patients who had history of substance abuse. Similar findings were observed in several
studies (46). Alcoholism (AHR=2.4) and substance abuse (AHR=3.5) was associated with
increased risk of mortality in the Dutch study (12). The combination of smoking and alcoholism
was identified as a risk factor of mortality in Chennai, India study (30). The study in Samara,
Russia has shown both substance abuse and alcoholism as significant predictors of mortality
(46). Another Russian study in Tomsk Oblast has shown a strong relationship (AHR: 2.7)
between alcoholism and mortality (31). The study of White and others in USA has shown that
substance abuse including alcoholism could contribute to additional deaths even among TB
patients without AIDS (37).

In the current TB cohort, the prevalence of substance abuse and alcoholism was 4% and 8%
respectively (including patients with missing information on alcoholism and drug abuse). The
case fatality rate was 40% among patients with alcoholism (65 deaths per 1000 PYs) and the
mean age of death of these patients was 55 years. The CFR was 41% among TB patients with
substance abuse (94 deaths 1000 PYs) and the mean age at death of these patients was 43
years. On the other hand, the mean age of death for the entire TB cohort was 68 years and for
the general population during same the time period was about 72 years. Thus TB patients with
substance abuse were dying at a much younger age. Although not clearly distinct, a bimodal
pattern of TB related mortality in respect to age was evident in the current study‐ one peak at a
younger age (40‐50 years) and another expected peak among older subjects (75‐90 years). TB
patients dying at a younger age were largely attributable to drug abuse and related
vulnerabilities including AIDS. Similar bimodal patterns of age were observed in a USA study
(56). So both substance abuse and alcoholism not only increased the risk of mortality, but also
increased the likelihood of death at much younger age.
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According to the national addiction survey in 2004, the prevalence of lifetime and past year
illicit drug use (other than cannabis) in BC was 23% and 4% respectively (57). BC has the highest
prevalence of illicit drug use compared to other provinces in Canada. Life term harm associated
with drug abuse was also higher among British Columbians (57). The frequency of drug use was
relatively low in the TB cohort due to over‐representation of foreign‐born people who use illicit
drugs very infrequently. There was evidence suggesting an increased morbidity (harm) and
mortality among cases that used illicit drug and alcohol (58‐60). Both alcoholism and drug use
are subject to modifications. Interventions targeting these high risk populations are urgently
required. Establishment of a systematic approach in order to identify TB patients with
alcoholism and drug abuse, enrolling them in appropriate drug or alcoholism treatment
programs should be prioritized as part of current TB care.

This study is subject to several limitations including incomplete reporting of co‐morbidities
(which range from 40% to 52%) and passive nature of follow up (Please see the Table A.1 in the
Appendix for expected frequencies of missing observations). However, Cox regression analysis
was conducted in two settings for co‐morbidities: with and without missing observations.
Patterns of significant variables were similar in both scenarios (please see Appendix A: Table A.8
and Table A.9). Previous studies conducted among TB contact in this province demonstrated a
low level of migration among TB patients (61). We therefore do not consider that missing
observations and migration effects would bias the HR estimates substantially.

5.5 CONCLUSIONS
In conclusion, this study has demonstrated that a relatively higher excess mortality exists in the
TB cohort compared to the general population of BC. TB patients die at a younger age
compared to the general population. Aboriginal people had not only one of the highest rates of
mortality but also died at a much younger age. Deaths at a young age in TB patients were
largely attributable to behavioral factors such as by drug abuse and alcoholism and HIV/AIDS,
whereas deaths at an older age were associated with other co‐morbid‐conditions including
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malignancy and renal failure. In addition, severity of disease, Caucasian ethnicity, older age and
male gender were significantly associated with greater mortality. These findings suggest that
TB patients in this province require more rigorous interventions targeting high risk populations
than are not routinely provided through conventional TB programs.
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CHAPTER 6: A TBRELATED MORTALITY STUDY IN BRITISH
COLUMBIA, CANADA FROM 1990200646
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‐ “A version of this chapter will be submitted to a journal for publication. Moniruzzaman, A. Kazanjian, A.
Wong, H. Elwood, R.K. and FitzGerald, J. M. (2010) Patients dying from Tuberculosis ‐ a population‐based study.”
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6.1 INTRODUCTION
TB‐related mortality remains a significant public health challenge locally and internationally.
Globally, TB accounts for 6% of all deaths and more than one fourth of all preventable adult
deaths (1‐3). In 2008, an estimated 1.8 million people died of TB including 0.5 million deaths
among HIV/TB co‐infected patients (4). In pre‐HIV era, the number of deaths caused by
Mycobacterium tuberculosis was higher than that of any other infectious agent (5). Since then,
TB epidemiology has changed significantly especially in relationship to the HIV epidemic,
change in TB‐management practice and emergence of drug resistant diseases (6). However, TB
remains the second commonest cause of death due to a single infectious agent (HIV ranks first).
In the modern era, all TB related deaths are potentially preventable. This raises an important
question, why are there so many deaths related to TB despite the availability of effective
chemotherapy? If appropriate interventions are not effectively implemented, many patients
with this treatable and preventable disease will continue to have unnecessary morbidity and
mortality. It is widely acknowledged that more epidemiological research is required on the
etiology and treatment of TB including specific investigations of the determinants of mortality
among TB patients.

According to World Health Organization, TB is considered as the cause of death if patients died
before completion of chemotherapy (7). This definition which includes all causes of death
regardless of the primary cause of death provides an overestimation of TB‐related death. Based
on this definition patients who die during treatment due to other causes (such as a motor
vehicle accident or co‐morbidity) would be considered to be a TB‐related death. Despite a
substantial literature on TB mortality, most of the studies have reported deaths that occurred
during the period of treatment (8,9,9‐12), and only a limited number of studies (13‐15) have
investigated the specific causes of death among TB patients, as well as identifying risk factors
among TB patients whose deaths were attributable to TB. These studies demonstrated that a
substantial proportion of deaths while on treatment were not related to TB, rather that the
deaths were attributed to other illnesses or causes. Evaluating the performance of TB control
program based upon deaths during treatment might therefore be misleading. Interventions
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based on such finding would have limited applicability in preventing deaths in those who died
from other causes.

Despite these issues related to the definition of TB‐related mortality, it remains a cause of
growing concern in many industrialized countries that there is an overall increase in the number
of TB related deaths (16‐19). Because of uncertainties with regard to definitions and an
apparent increase in mortality there is a need to reassess the risk factors for TB related
mortality in a Canadian setting. Although this question was previously assessed in BC in the
1980’s (14,20), both these studies were limited in scope, especially in terms of the number of
cases, analytical techniques, and study duration. One study was case‐series in nature (20).
Moreover, both studies were conducted in the pre‐HIV era. Since then, epidemiology of TB has
changed greatly, particularly due to the HIV epidemic and an increased prevalence of TB among
foreign‐born individuals.

In addition, there is a significant absence of large, longitudinal, population‐based studies. Most
all‐cause mortality studies have been conducted on hospitalized patients or in selected
populations (3,10,19,21‐27). Studies based on narrowly defined populations are prone to have
limited external validity, which affects their applicability to the general population. Research
focused on examining the impact of preventable risk factors on mortality among TB patients in
a general population setting is clearly required to address these gaps. The objectives of this
study were to characterize mortality among TB patients, to identify potentially modifiable or
preventable risk factors for patients whose deaths were attributable to TB and to determine if
there are differences in risk factor characteristics among two types of TB‐related deaths (those
where TB was the underlying cause of death or only a contributing factor).

6.2 METHODS
The provincial TB service (TB Control Division) at the British Columbia Centre for Disease
Control (BCCDC) acts as a referral centre for the prevention, control and treatment of TB
infection occurring in British Columbia (BC). TB control activities in BC are centralized;
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therefore, this center maintains a central registry that includes information on all TB patients
diagnosed in this province. In addition, all myco‐bacteriology tests are coordinated by this
center. The BCCDC TB laboratory, which performs all culture and drug susceptibility tests, also
serves as the reference laboratory for the province. This study used a retrospective cohort
study design and included all TB patients that were diagnosed in British Columbia from 1990 to
2006. General population data for the Province of BC were extracted from the Vital Statistics
Canada website.

6.2.1 Cause of Death
The cause of death was defined as a patient who had a diagnosis of active TB and died from any
cause during the study period (1990 to 2006). The cause of death in relationship to TB has been
categorized in a systematic manner for the study period using the following categories.


TB was the underlying factor



TB was a contributing factor



TB was unrelated to death



Unknown
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Figure 6.1: Study population for TB‐related mortality in British Columbia (n=5408)

5433 TB Cases Registered with TB Division
between 1990 and 2006

Excluded (n=25)
TB patients who were
originally diagnosed in 1989

Study Cohort (n= 5408)

TB as the underlying
cause (n=109):
Outcome of interest

TB as a contributing
factor (n=177):
Outcome of interest

Cause of death unknown
(n=551) or TB unrelated to
death (n=232) or did not die
(n=4339): Comparison group

Outcome: TB‐related death (TB was the underlying cause or a contributing
factor); Comparison group: Survivors and patients whose death was unrelated
to TB or unknown
Primary Analysis: Multinomial Logistic Regression
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The TB Control Division is informed of death of TB cases from several sources. If the death
occurred in hospital and TB was listed as a cause of death or TB was discovered at or after
death either by autopsy or ante‐mortem or post‐mortem specimen, the TB control program is
notified about this patient by the concerned agency or physicians. In TB patients who died
when they were on active follow up (during treatment) or died after treatment, the TB control
program is usually notified about these deaths by their care‐providers or by the concerned
authority. In addition, the electronic TB registry is linked to Vital Statistics Agency (VSA) and this
registry does a periodic update from Vital Statistics Agency to obtain date of death. This
additional safeguard ensures that the provincial TB control program is informed of each death
occurring among TB patients. Subsequently, medical records including death certificates and
autopsy reports related to each death are requested. Each death is reviewed by a TB physician
and a decision is made based on the categories listed above.

In the current study, if TB was the main cause of death, this death was termed as a ‘TB‐caused’
death and if TB was one of the causes of death, then it was termed as ‘TB‐contributed’ death.
When both types of deaths combined, it was termed as TB‐related death (TB was the
underlying factor or a contributing factor). Although, in this study, we reported all deaths in
patients with TB, the primary outcome of interest was TB‐related deaths.

6.2.2 Variables Description
Variables that were used in this study are presented in three broad categories: socio‐
demographic characteristics; diagnosis‐related factors and co‐morbidity. Under the socio‐
demographic heading, variables such as: age, gender, birth‐country, marital status, and
ethnicity are listed. Age was estimated at the date of diagnosis. In patients who had multiple
recurrence of TB, the diagnosis date during last episode was used. Age was also analyzed as a
continuous variable and the effect of age was reported per decade. Diagnosis type variables
included case type (new or recurrent), culture‐confirmed TB, resistance to anti‐TB
chemotherapy, miliary/disseminated TB, meningeal TB, far advanced pulmonary TB etc. Criteria
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set by Health Canada were followed to define the types of TB diagnosed. In patients wh had
multiple episodes of TB, we used information from the last episode.

Co‐morbidities (such as diabetes mellitus, HIV/AIDS and malignancy etc) and behavioral factors
(such as substance abuse and alcoholism) are also presented in this category. Detailed
descriptions of these variables have been provided in the Chapter 2. TB which was diagnosed
post‐mortem was defined if TB was notified on or after death. These post‐mortem deaths also
included patients whose TB diagnosis was suspected during life, but the diagnosis was only
confirmed after death. TB diagnosed post mortem was used a proxy indicator of failure of
diagnosis in this study.

6.2.3 Statistical Analysis
An initial descriptive analysis for the study population was performed. Comparisons of
continuous variables between groups were done using student t test and Wilcoxon rank sum
test whenever appropriate. Categorical variables were compared using the Chi‐square test. TB‐
related death rate per 100,000 for each calendar year from 1990 to 2006 was calculated and
the BC general population of the corresponding calendar year was used as denominators for
this purpose.

Both TB ‐caused and TB‐contributed deaths were the primary interest of outcome. In addition
to TB‐related deaths, there were two more types of deaths‐ deaths unrelated to TB and
unknown. These two types of death and patients who did not die during the study period were
included in the comparison group. Since there were three nominal groups (TB‐caused deaths,
TB‐contributed deaths and comparison group), Multi‐nominal logistic regression has been
chosen as the primary analytical method. Both single variable and multi‐variable multinomial
logistic regression was used to identify risk factors associated with TB‐related mortality. The
strength of the association between risk factors and death are reported using odds ratios (OR)
with 95% confidence intervals (CI). All reported p values were two sided.
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Several criteria were followed to select variables for multi‐variable multinomial logistic
regression analysis. In addition to statistical significance in bi‐variate analysis, evidence from
literature and clinical relevance was also considered to select variable for multi‐variable model.
Due to universal confounding effect, both age and gender were included in multi‐variable
model regardless of its statistical significance in bi‐variate setting. To evaluate the effect of co‐
morbid conditions (such as HIV/AIDS, malignancy and diabetes mellitus) on TB‐related
mortality, patients without co‐morbidities and patients with unknown co‐morbid status were
combined and used as the comparison group.

6.3 RESULTS
During the entire study period, 5408 TB patients were registered with the TB Control Division.
The mean age of the cohort at the time of diagnosis was 48.7 years. One third of patients were
60 years or older when they were diagnosed with active TB. There was a predominance of
males (55%). Foreign‐born individuals (67%) accounted two‐third of all patients and Canadian‐
born Aboriginals represented another 13% of cases. In terms of ethnicity, the major
contributors to this TB cohort were Chinese (24%) followed by Caucasian (17%) and Southeast
Asian (15%). Majority of TB patients were born in the Western Pacific (40%) and Pan‐American
Health Regions (31%). The socio‐demographic characteristics of the entire TB cohort are
presented in Table 6.1.
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Table 6.1: Socio‐demographic characteristics of study cohort (n=5408)
Variable
Age at diagnosis
Mean (SD)
Median (Range)
Age groups
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Birth place
Canadian‐born non‐Aboriginal
Canadian‐born Aboriginal
Foreign‐born
Unknown
Birth Country regions
PAHO
African Region
Eastern Mediterranean
Europe
Southeast Asia Region
Western Pacific Region
Unknown /missing
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino
Vietnamese
Others
Unknown /Missing
Marital status
Single
Not single
Other /Unknown/missing

n (%)
Years
48.7 (21.8)
46.7 (31‐67)
2213 (41)
1421 (26)
1366 (25)
408 (8)
2951 (55)
2457 (45)
876 (16)
709 (13)
3606 (67)
217 (4)
1686 (31)
97 (2)
138 (3)
270 (5)
762 (14)
2181 (40)
274 (5)
938 (17)
709 (13)
1293 (24)
830 (15)
428 (8)
306 (6)
558 (10)
346 (6)
1111 (20)
1564 (29)
2733 (51)
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Table 6.2: Characteristics of TB patients who died during 1990 to 2006 in British Columbia
(N=1069)
Variable
Age at death
Mean (SD)
Median (IQR)
Age groups (at death)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Age groups (at diagnosis)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Birth place
Canadian‐ born non‐Aboriginal
Canadian‐ born Aboriginal
Foreign‐born
Unknown
Birth Country regions
PAHO
African Region
Eastern Mediterranean & Europe
Southeast Asia Region
Western Pacific Region
Unknown /missing
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino/Vietnamese
Others
Unknown/missing
Marital status
Single
Not single
Other/Unknown/missing
Cause of death
TB as a principal cause
TB as a contributing factor
TB was unrelated to death
Unknown

(n =1069)
Years
67.7 (17.8)
71.5 (53‐82)
109 (10)
235 (22)
428 (40)
297 (28)
134 (12)
243 (23)
472 (44)
220 (21)
713 (67)
356 (33)
227 (21)
203 (19)
476 (45)
163 (15)
446 (42)
7 (1)
75 (7)
99 (9)
242 (22)
200 (19)
304 (28)
203 (19)
213 (20)
108 (10)
39 (3)
44 (4)
158 (15)
194 (18)
336 (31)
539 (29)
109 (10)
177 (16)
232 (22)
551 (52)
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Among these TB cases, 1069 patients died during the study period (1990 to 2006). Out of all
these deaths, 109 deaths were attributable to TB (main cause of death) and another 177 deaths
were contributed by TB (one of the causes of death). TB was not related to death for another
232 cases. For approximately one‐half of the deaths, the relationship to TB could not be
determined (termed as unknown). Overall, TB‐caused death was 2% (109/5408) and TB‐
contributed death was 3.3% (177/5408). The combined TB‐related death (whether TB was
directly or indirectly related to TB) was 5.3% (286/5408) and accounted for 26% of all deaths.
The socio‐demographic characteristics of TB patients who died during 1990 to 2006 are
presented in Table 6.2.

The numbers of cause‐specific deaths during the entire study period are presented in Table 6.3.
Figure 6.2 and Figure 6.3 show the trends in death overtime according to causes of deaths.
Overall, there was an increasing trend of proportions of all‐cause deaths over time. However,
the proportions of TB‐caused death (range: 1% to 4%; highest in 1991 and 1992 and lowest in
2002 to 2006) and TB‐contributed death (range: 3% to 8%; lowest in 1993 and 1997 and highest
in 1991 and 2001) of all TB patients did not increase proportionately. Moreover, the
proportions of TB‐caused death showed a slightly decreasing trend and the TB‐contributed
death proportions remained stable over the study period. The increasing overall death trends
were mainly due to increasing number of deaths due to unknown cause. TB‐caused death rate,
which ranged from 0.05 to 0.40 per 100, 000 (BC population) during 1990 to 2006, showed a
slightly decreased trend (Figure 6.3). TB‐contributed death rate (range: 0.1 to 0.5 per 100, 000)
did not change significantly over time.
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Table 6.3: Number of cause‐specific deaths by calendar year (1990 to 2006)

Year

Total
Deaths

TB‐
caused47

TB‐
contributed48

TB‐caused
or
contributed

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
Total

27
32
40
48
53
45
66
68
70
88
69
92
87
89
99
46
50
1069

9
10
14
6
5
9
10
5
5
4
5
11
4
2
4
3
3
109

11
12
6
5
12
5
4
8
8
11
10
18
15
10
14
7
21
177

20
22
20
11
17
14
14
13
13
15
15
29
19
12
18
10
24
286

Unrelated Unknown49
to TB
7
5
9
19
18
10
10
22
15
25
12
10
21
16
11
13
9
232

0
5
11
18
18
21
42
33
42
48
42
53
47
61
70
23
17
551

Total TB
cases50
275
284
336
340
332
324
326
418
333
327
314
368
300
325
310
278
335
5525

Table 6.4 shows occurrence of TB‐related deaths during the treatment period. About 56% of all
TB‐caused deaths and 34% of TB‐contributed deaths were diagnosed post‐mortem. Post‐
mortem TB cases mostly did not receive any treatment. Among patients who died during
treatment, the majority of patients died within one month of treatment initiation (68% for TB‐
caused deaths and 40% for TB‐contributed deaths). Out of all TB‐caused deaths, only one
patient (1%) died after 6 months of treatment. Among patients with TB‐contributed deaths, 11
patients (11/177=17%) died 6 months after initiation of anti‐TB chemotherapy.

47

TB was the principal cause of death
TB was not the primary cause of death, but was a contributing factor to death
49
The cause of death in relationship to TB was unknown
50
Total number of cases includes new and recurrent cases for each year. TB patients with multiple active episodes between
1990 and 2006 were accounted more than once.
48
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Figure 6.2: Trend of cause‐specific death percentage for TB cohort in British Columbia from
1990 to 2006
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Figure 6.3: TB‐related death rate (per 100, 000 BC population) in BC from 1990‐2006

Table 6.5 presents the socio‐demographic characteristics, diagnosis‐related factors and co‐
morbid conditions according to types of death (such as TB‐caused death, TB‐contributed death,
unrelated, and unknown) and survivors. Aboriginal People were over‐represented among
patients whose deaths were directly caused by TB. There was a disproportionate increase of
milliary TB, meningeal TB and far advanced TB among patients who died from TB (both TB‐
caused and TB‐contributed deaths). Several behavioral factors (drug abuse and alcoholism) and
co‐morbidities such as malnutrition, HIV/AIDS and renal failure were also more frequent among
patients whose deaths were directly or indirectly attributed by TB.
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Table 6.4: Occurrence of TB‐related death during the treatment period

Number of
cases (TB was
the principal
cause)51
Percentage of
total TB‐caused
deaths on
treatment
Percentage of
total TB‐caused
deaths
Cumulative
Percentage
Number of
cases (TB was
the contributing
cause)52
Percentage of
total TB‐
contributed
deaths on
treatment
Percentage of
total TB‐
contributed
deaths
Cumulative
Percentage

51
52

Post‐
mortem/
before
treatment
59

First
month

2nd
month

3rd
month

4th
month

5th
month

6th
month

After 6
months

32

6

3

1

2

2

1

68%

13%

7%

2%

4%

4%

2%

56%

30%

5%

3%

1%

2%

2%

1%

56%

86%

91%

94%

95%

97%

99%

100%

58

45

23

12

6

5

2

19

40%

20%

11%

5%

5%

2%

17%

34%

27%

13%

7%

4%

3%

34%

61%

74%

81%

85%

88%

1%

11%

89%

100%

‐Out of 109 TB‐caused deaths, treatment‐related info was unavailable for 3 cases.
‐ Out of 177 TB‐contributed deaths, treatment‐related info was unavailable for 7 cases.
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Table 6.5: Socio‐demographic and diagnosis‐related characteristics and prevalence of
associated illness across several types of death (n=1069) and survivors (n=4339)
Variable

Age at diagnosis
Mean (SD)
Age groups at diagnosis
0‐40 years
41‐60 years
61‐80 years
80 plus years
Age at death
Mean (SD)
Age groups at death
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Ethnicity
Caucasian
Aboriginals
Southeast Asian
Vietnamese/Filipino/Chinese
Others
Unknown
Birth place
CB non‐Aboriginal
CB Aboriginal
Foreign born
Unknown
Drug resistance
Sensitive
Mono/poly‐resistant
MDR
No culture
Recurrence
Clinical TB
Milary TB
Meningeal TB
Far advanced PTB
Moderately advanced TB
Cavitary TB
Diabetes mellitus

Survivors
(n=4339)

TB was the
principal
cause
(n=109)

TB was a
contributin
g factor
(n=177)

TB was
unrelated
to death
(n=232)

Unknow
n
(n=551)

44.7 (20.8)

60.1 (18.1)

64.9 (19.4)

67.2 (17.7)

65.4 (16.7)

2079 (48)
1178 (27)
894 (21)
188 (4)

21 (19)
31 (28)
42 (39)
15 (14)

28 (16)
39 (22)
62 (35)
48 (27)

26 (11)
48 (21)
97 (42)
61 (26)

59 (11)
125 (23)
271 (49)
96 (17)

‐

60.2 (18.2)

65.1 (19.4)

67.6 (17.6)

70.1 (16.9)

21 (19)
31 (28)
41 (38)
16 (15)

28 (16)
39 (22)
62 (35)
48 (27)

25 (11)
49 (21)
96 (41)
62 (27)

35 (6)
116 (21)
229 (42)
171 (31)

2238 (52)
2101 (48)

63 (58)
46 (42)

113 (64)
64 (36)

166 (72)
66 (28)

371 (67)
180 (33)

634 (15)
506 (12)
722 (17)
1775 (41)
514 (12)
188 (4)

24 (22)
28 (26)
15 (14)
13 (12)
5 (5)
24 (22)

32 (18)
36 (20)
7 (4)
35 (20)
9 (5)
58 (33)

58 (25)
35 (25)
17 (7)
62 (27)
8 (3)
52 (22)

190 (34)
104 (19)
69 (13)
142 (26)
22(4)
24 (4)

649 (15)
506 (12)
3130 (72)
54 (1)

10 (9)
28 (26)
37 (34)
34 (31)

24 (14)
36 (20)
64 (36)
53 (30)

47 (20)
35 (15)
104 (45)
46 (20)

146 (26)
104 (19)
271 (49)
30 (5)

2909 (67)
297 (7)
29 (1)
1104 (25)
361 (8)
1130 (26)
118 (3)
56 (1)
60 (1)
272 (6)
267 (6)
253 (6)

84 (77)
3 (3)
3 (3)
19 (17)
11 (10)
17 (16)
48 (44)
8 (7)
9 (8)
9 (8)
8 (7)
4 (4)

158 (89)
11 (6)
0 (0)
8 (5)
16 (9)
10 (6)
36 (20)
5 (3)
3 (2)
10 (6)
11 (6)
15 (8)

191 (82)
15 (6)
1 (<1)
25 (11)
31 (13)
24 (10)
13 (6)
2 (1)
4 (2)
17 (7)
9 (4)
17 (7)

438 (80)
29 (5)
2 (<1)
82 (15)
71 (13)
81 (15)
22 (4)
6 (1)
30 (5)
92 (17)
23 (4)
64 (12)

‐
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Variable

Malnutrition
Either HIV or AIDS
Alcoholism
Drug Abuse
Malignancy
Immunosuppressive medication
Renal failure

Survivors
(n=4339)

TB was the
principal
cause
(n=109)

TB was a
contributin
g factor
(n=177)

TB was
unrelated
to death
(n=232)

Unknow
n
(n=551)

39 (1)
164 (4)
188 (4)
130 (3)
62 (1)
81 (2)
49 (1)

8 (7)
17 (16)
21 (19)
12 (11)
1 (1)
3 (3)
7 (6)

12 (7)
40 (23)
28 (16)
30 (17)
30 (17)
13 (7)
24 (14)

6 (3)
28 (12)
15 (6)
16 (7)
26 (11)
7 (3)
6 (3)

9 (2)
47 (8)
62 (11)
31 (6)
40 (7)
19 (3)
6 (1)

The results of univariate Multinomial Logistic Regression are presented in Table‐6.6, Table‐6.7
and Table‐6.8. The risk of death significantly increased with age (31% per decade for TB‐caused
death and 47% per decade for TB‐contributed deaths). Males had a significantly increased risk
of death (UOR: 1.49, 95% CI: 1.09, 2.04) among patients whose deaths were indirectly
contributed by TB. Aboriginal people were three to four‐times (TB‐caused deaths: UOR: 4.11,
95% CI: 2.50, 6.77; TB‐contributed deaths: UOR: 3.06, 95% CI: 2.02, 4.64) more likely to die from
TB compared to the foreign‐born. There was an increased likelihood of deaths among
Caucasians in patients with TB‐caused and TB‐contributed deaths (TB‐caused deaths: UOR:
4.14, 95% CI: 2.10, 8.17; TB‐contributed deaths: UOR: 2.05, 95% CI: 1.26, 3.34) compared to the
reference group (mostly Chinese). In patients with TB‐caused deaths and patients with TB‐
contributed deaths, there was no significant difference in risk between foreign‐born and
Canadian–born (CB) non‐aboriginal people.

Miliary TB (Table 6.7) was one of the strongest risk factor for both TB‐caused (UOR: 25.56, 95%
CI: 16.94, 38.55) and TB‐contributed mortality (UOR: 8.29, 95% CI: 5.56, 12.37). In addition,
other severe forms of tuberculosis such as MDR (UOR: 3.95, 95% CI: 1.19, 13.15), culture
confirmed TB (UOR: 1.72, 95% CI: 1.02, 2.90), meningeal TB (UOR: 6.26, 95% CI: 2.93, 13.40)
and far advanced PTB (4.81, 95% CI: 2.36, 9.81) were significantly associated with TB‐caused
deaths. The effect of miliary TB (UOR: 8.29, 95% CI: 5.56, 12.37) and culture‐confirmed TB
(UOR: 5.31, 95% CI: 2.79, 10.08) on TB‐contributed mortality was also significant in the
univariate model (Table 6.7).
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Table 6.8 presents the risk associated with TB‐related mortality from accompanied illness/co‐
morbid conditions. Malnutrition (UOR: 7.43, 95% CI: 3.45, 16.03), HIV/AIDS (UOR: 3.78, 95% CI:
2.21, 6.44) and renal failure (UOR: 5.69, 95% CI: 2.54, 12.75) were the significant risk factors of
mortality in patients who died from TB. Behavioral factors such as alcoholism (UOR: 4.37, 95%
CI: 2.68, 7.15), and drug abuse (UOR: 3.46, 95% CI: 1.86, 6.4) were also significant risk factor of
TB‐caused mortality. All these factors including HIV/AIDS (UOR: 5.97, 95% CI: 4.10, 8.68) and
malignancy (UOR: 7.96, 95% CI: 5.18, 12.24) were significantly associated with TB‐contributed
deaths. However, the effects of co‐morbid conditions were much higher for TB‐contributed
deaths than that of TB‐caused deaths (for examples, renal failure, UOR: 13.01, 95% CI: 7.90,
21.43; drug abuse, UOR: 5.70, 95% CI: 3.75, 8.68). The strongest risk factors for TB‐contributed
deaths were presence of renal failure and also malignancy, which were not risk factors deaths
caused by TB‐.

The results of multivariable multi‐nominal logistic regression are presented in Table 6.9. The
multivariable multinomial logistic regression demonstrated that miliary TB (AOR: 32.37, 95% CI:
18.66, 56.13), far advanced PTB (AOR: 10.73, 95% CI: 4.72, 24.41), CNS/meningeal TB (AOR:
4.75, 95% CI: 1.25, 18.08) and Aboriginal ethnicity (AOR: 4.38, 95% CI: 2.00, 9.60) were the
strongest predictors of TB‐caused mortality. In addition, increasing age (per decade, AOR: 1.72,
95% CI: 1.48, 2.02), renal failure (AOR: 3.46, 95% CI: 1.10, 10.88), malnutrition (AOR: 3.28, 95%
CI: 1.25, 8.62), alcoholism (AOR: 2.70, 95% CI: 1.37, 5.33) and Caucasian ethnicity (AOR: 2.49,
95% CI: 1.18, 5.27) were other significant risk factors of TB‐caused mortality.
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Table 6.6: Univariate multinomial logistic regression analysis for socio‐demographic risk
factors of TB‐related mortality

Variable
Age at diagnosis (per decade)
Age groups (at diagnosis)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Birth place
Canadian‐born non‐Aboriginal
Canadian‐born Aboriginal
Foreign‐born
Birth Country regions
PAHO
African Region
Eastern Mediterranean and
Europe
Southeast Asia Region
Western Pacific Region
Ethnicity
Caucasian
Aboriginals
Southeast Asian
Other Ethnicity
Chinese/Filipino/Vietnamese
Marital status
Single
Not single

TB was the
underlying cause
Unadjusted OR
(95% CI)

TB was a
contributing factor
Unadjusted OR
(95% CI)

1.31 (1.20, 1.43)

1.47 (1.36, 1.60)

Reference
2.37 (1.35, 4.13)
3.43 (2.02, 5.82)
4.48 (2.29, 8.78)

Reference
2.23 (1.37, 3.64)
3.79 (2.42, 5.96)
10.75 (6.66, 17.37)

1.16 (0.79, 1.70)
Reference

1.49 (1.09, 2.04)
Reference

1.13 (0.56, 2.27)
4.11 (2.50, 6.77)
Reference

1.56 (0.97, 2.51)
3.06 (2.02, 4.64)
Reference

5.26 (2.62, 10.57)
2.27 (0.29, 17.94)
3.25 (1.18, 9.01)

2.50 (1.64, 3.81)
1.34 (0.32, 5.65)
1.28 (0.59, 2.78)

2.59 (1.05, 6.39)
Reference

0.76 (0.36, 1.59)
Reference

4.14 (2.10, 8.17)
6.61 (3.40, 12.83)
2.83 (1.34, 5.97)
1.40 (0.50, 3.94)
Reference

2.05 (1.26, 3.34)
3.16 (1.97, 5.07)
0.49 (0.22, 1.11)
0.94 (0.45, 1.96)
Reference

Reference
1.09 (0.56, 2.10)

Reference
0.85 (0.50, 1.43)
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Table 6.7: Univariate multinomial logistic regression analysis for diagnosis type and related
risk factors of TB‐related mortality

Variable
Case type
New
Recurrent
Culture results
Negative/no culture
Positive
Drug resistance status
Sensitive
Mono/poly resistance
MDR
Disease type of current episode
Pulmonary
Extra‐pulmonary
Both
Millary/disseminated TB
No
Yes
CNS/Meningeal TB
No
Yes
Far advanced PTB
No
Yes
Moderately advanced PTB
No
Yes
Cavitary TB
No
Yes

TB was the underlying
cause
Unadjusted OR
(95% CI)

TB was a contributing
factor
Unadjusted OR
(95% CI)

Reference
1.13 (0.60, 2.12)

Reference
1.01 (0.60, 1.70)

Reference
1.72 (1.02, 2.90)

Reference
5.31 (2.79, 10.08)

Reference
0.37 (0.12, 1.18)
3.95 (1.19, 13.15)

Reference
0.72 (0.39, 1.34)
‐

Reference
1.36 (0.89, 2.06)
2.60 (1.38, 4.88)

Reference
0.87 (0.60, 1.23)
2.45 (1.51, 3.97)

Reference
25.56 (16.94, 38.55)

Reference
8.29 (5.56, 12.37)

Reference
6.26 (2.93, 13.40)

Reference
2.30 (0.91, 5.78)

Reference
4.81 (2.36, 9.81)

Reference
0.92 (0.30, 2.94)

Reference
1.12 (0.56, 2.23)

Reference
0.75 (0.39, 1.42)

Reference
1.28 (0.62,2.65)

Reference
1.07 (0.57, 1.99)
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Table 6.8: Univariate multinomial logistic regression analysis for co‐morbid risk factors of TB‐
related mortality

Variable
Diabetes Mellitus
No/unknown
Yes
Malnutrition
No/unknown
Yes
Alcoholism
No/unknown
Yes
Substance abuse
No/unknown
Yes
Any Malignancy
No/unknown
Yes
Immunosuppressive medication
No/unknown
Yes
Chronic Renal failure
No/unknown
Yes
Either HIV or AIDS
No/unknown
Yes

TB was the underlying
cause
Unadjusted OR
(95% CI)

TB was a contributing
factor
Unadjusted OR
(95% CI)

Reference
0.55 (0.20, 1.49)

Reference
1.33 (0.78, 2.28)

Reference
7.43 (3.45, 16.03)

Reference
6.83 (3.58, 13.00)

Reference
4.37 (2.68, 7.15)

Reference
3.44 (2.26, 5.25)

Reference
3.46 (1.86, 6.41)

Reference
5.70 (3.75, 8.68)

Reference
0.36 (0.05, 2.61)

Reference
7.96 (5.18, 12.24)

Reference
1.33 (0.41, 4.25)

Reference
3.72 (2.05, 6.75)

Reference
5.69 (2.54, 12.75)

Reference
13.01 (7.90, 21.43)

Reference
3.78 (2.21, 6.44)

Reference
5.97 (4.10, 8.68)

The greatest risk factors for TB‐contributed mortality were renal failure (AOR: 6.77, 95% CI:
3.13, 14.61), HIV/AIDS (AOR: 6.73, 95% CI: 3.44, 13.15), miliary TB (AOR: 6.09, 95% CI: 3.44,
13.15) and malignancy (AOR: 5.31, 95% CI: 2.99, 9.43). Increasing age (AOR: 1.84, 95% CI: 1.60,
2.14), malnutrition (AOR: 2.96, 95% CI: 1.34, 6.53), alcoholism (AOR: 2.82, 95% CI: 1.55, 5.13)
and drug abuse (AOR: 2.75, 95% CI: 1.36, 5.56) and Aboriginal ethnicity (AOR: 2.13, 95% CI:
1.14, 3.95) were also significantly associated with TB‐contributed mortality. Gender,
immunosuppressive medication and culture confirmed TB did not reach statistical significance
(95% CI of the corresponding odds ratio included 1) in the multivariate model (Table 6.9).
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Table 6.9: Multivariable multinomial logistic regression analysis for risk factors of TB‐related
mortality among TB patients

Variable

TB was the underlying

TB was a contributing

cause

factor

AOR (95% CI)

AOR (95% CI)

Age at diagnosis (per decade)

1.72 (1.48, 2.02)

1.84 (1.60, 2.14)

Male gender

0.67 (0.41, 1.10)

1.05 (0.70, 1.59)

Caucasian

2.49 (1.18, 5.27)

1.10 (0.64, 1.89)

Aboriginals

4.38 (2.00, 9.60)

2.13 (1.14, 3.95)

Southeast Asian

2.19 (0.99, 4.80)

0.45 (0.20, 1.06)

Others

1.63 (0.54, 4.92)

1.17 (0.53, 2.59)

Reference

Reference

1.17 (0.56, 2.46)

1.75 (0.83, 3.72)

32.37 (18.66, 56.13)

6.09 (3.44, 10.77)

CNS/ meningeal TB

4.75 (1.25, 18.08)

2.33 (0.63, 8.66)

Far advanced pulmonary TB

10.73 (4.72, 24.41)

1.65 (0.48, 5.64)

Either HIV or AIDS

1.97 (0.85, 4.60)

6.73 (3.44, 13.15)

Malnutrition

3.28 (1.25, 8.62)

2.96 (1.34, 6.53)

Alcoholism

2.70 (1.37, 5.33)

2.82 (1.55, 5.13)

Drug abuse

1.56 (0.64, 3.82)

2.75 (1.36, 5.56)

Any Malignancy

0.39 (0.05, 3.17)

5.31 (2.99, 9.43)

Chronic Renal Failure

3.46 (1.10, 10.88)

6.77 (3.13, 14.61)

Immunosuppressive Medication

0.49 (0.13, 1.88)

1.56 (0.68, 3.60)

Ethnicity

Filipino/Vietnamese/Chinese
Culture confirmed TB
Millary/disseminated TB
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Table 6.10: Comparisons of socio‐demographic and clinical characteristics between TB
patients who were diagnosed postmortem (137) and who were diagnosed alive (n=5235)
Variable

Age at diagnosis
Mean (SD)
Age groups (at diagnosis, last episode)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Biological gender
Male
Female
Ethnicity
Caucasian
Aboriginals
South‐East Asian
Vietnamese/Filipino/Chinese
Others
Birth place
Canadian born non‐Aboriginal
Canadian born Aboriginal
Foreign born
Cause of Death
TB was the underlying factor
TB was a contributing factor
TB was unrelated to death/unknown
/did not die
Drug resistance
Sensitive
Mono/poly‐resistant
MDR
Recurrence
Absence of positive culture
Millary TB
Meningeal TB
Cavitary TB
Far advanced TB
Moderately advanced TB
Either HIV or AIDS
Drug abuse
Alcoholism
Diabetes mellitus

Diagnosed alive
(5235)
N (%)

Post‐mortem TB
(173)
N (%)

P value

Years
48.2 (21.7)

Years
64.9 (17.9)

2193 (42)
1374 (26)
1294 (25)
374 (7)

20 (12)
47 (27)
72 (42)
34 (20)

<0.001

2847 (54)
2388 (46)

104 (60)
69 (40)

0.136

905 (18)
676 (14)
821 (17)
2002 (40)
548 (11)

33 (30)
33 (30)
9 (8)
25 (23)
10 (9)

855 (17)
676 (13)
3560 (53)

21 (21)
33 (33)
46 (46)

<0.001

50 (1)
123 (2)
5062 (97)

59 (34)
54 (31)
60 (35)

<0.001

3654 (91)
346 (9)
35 (1)
478 (9)
1228 (24)
194 (4)
68 (1)
315 (6)
100 (2)
395 (7)
275 (5)
203 (8)
294 (11)
346 (13)

126 (93)
9 (7)
0 (0)
12 (7)
34 (20)
43 (25)
9 (5)
3 (2)
6 (3)
5 (3)
21 (12)
16 (14)
20 (17)
7 (6)

<0.001

<0.001

0.398
0.342
0.244
<0.001
<0.001
0.018
0.146
0.021
<0.001
0.027
0.050
0.023
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Table 6.10 presents bi‐variate comparisons between patients who had TB diagnosed post‐
mortem and patients whose TB was diagnosed while they were still alive. TB patients whose
disease was diagnosed at autopsy were significantly more likely to be older, Aboriginals,
Caucasians, and to die from TB (TB‐caused death and TB‐contributed death). The diagnosis of
miliary TB and meningeal TB were also significantly associated with TB diagnosed at autopsy.
Several co‐morbidities including diabetes mellitus, HIV/AIDS, malnutrition and malignancy as
well as behavioral factors (such as alcoholism and substance abuse) were significantly more
frequent among patients diagnosed at autopsy (Table 6.10).

Table 6.11: Relationship between HIV and cause of death
Cause of death

HIV‐positive
N (%)

HIV‐negative
N (%)

HIV‐Unknown
N (%)

132 (100)

448 (100)

489 (100)

TB as the underlying cause

17 (13)

92 (21)

‐

TB as a contributing factor

40 (30)

137 (31)

‐

TB was unrelated to death

28 (21)

50 (11)

154 (31)

Unknown

47 (36)

169 (37)

335 (69)

All deaths

6.4 DISCUSSION
This study demonstrated that overall 1069 patients died (1069/5408=20%) during the entire
study period (1990‐2006). However, the TB‐caused death and TB‐contributed death was 2.0%
(109/5408) and 3.3% (177/5408) respectively. In total, 286 deaths were attributable to TB
directly or indirectly, which provided an overall crude death of 5.3% (286/5408). Wide
discrepancies in TB‐related death proportions exist across studies, largely due to differences in
methodology, observation period, geographical locations and background prevalence. In
addition, the majority of TB‐mortality studies only reported deaths among TB patients with
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which occurred during treatment regardless of the specific cause of death, which make the
comparisons to others studies somewhat difficult.

However, our TB‐related death was relatively lower than studies conducted in similar setting.
The previous BC studies (14,20) reported a CFR of over 3% (99/2997=3.3% during 1970‐74;
58/1884=3.1% during 1980‐84) which is higher than in the current study. A national study in
Netherlands (11) demonstrated that 35 deaths (TB‐caused death: 35/4340=0.8%) were caused
by TB when first year of treatment had been completed. This Dutch study did not include
patients who died at the time of diagnosis. In the current study, 50 of out 109 TB‐caused
occurred during treatment, which would provide a TB‐caused death of 0.9% on treatment. In
prior BC studies, CFR during treatment was 1.7% (49/2997) and 1.6% (30/1884) respectively
(14,20). A study in Queensland, Australia reported deaths among TB patients similar to ours
(15). They reported overall 127 deaths (127/1003= 12.7%) before completion of chemotherapy,
of which 53 (CFR=53/1003=5.3%) were primarily due to TB and 34 (CFR=34/1003=3.4%) were
partially attributable to TB. In our study, 487 patients (487/5408=9%) died before the
completion of chemotherapy.

A national study in England and Wales (28) reported CFR from a period of 21 years, which
ranged from 11.2% (in 1972) to 7.21% (in 1992). Another study in Liverpool, UK observed a
death rate of 23.7% (all cause, 104/439) over an 8‐year period (29). However, TB was listed as a
cause of death for 34 cases that would provide a TB‐contributed death rate of 7.7% (29). A
relatively lower TB‐caused death was observed in clinical trials. The tuberculosis trials
consortium (TBTC) study 22 reported a CFR (all‐cause) of 6.6% (71/1075) among patients with
PTB thorough a two‐year follow up phase. However, in this clinical trial, only one death
(1/1075 =0.09 %) was attributed to TB (9).

Another study in South African gold miners found an overall CFR rate of 3.6% (81/2236) among
patients with culture‐confirmed PTB during a 6 month of treatment period (30). However, their
TB‐caused CFR was 25/2236=1.1% on treatment (30). However, the proportion of deaths
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attributed to TB was much higher in several Russian studies. A recent study in Tomsk Oblast
found relatively higher TB‐related deaths (138/1916=7.2%) among patients while on treatment
and reported that about three quarters of all deaths (138/183=75%) was directly attributable to
TB (8). Another study in Samara, Russia (31) reported a high proportion of deaths attributed to
TB (89%) despite an overall low case fatality rate (all cause: 5.9%; on treatment: 3.6%). The
Russian study in Orel (32) also reported that TB was a probable cause of death for 73% (46/55)
of TB patients who died after treatment initiation during an 8‐month follow up period.

The TB‐caused death rate ranged from 0.05 to 0.40 per 100, 000 (general population) in our
study during the entire observation period. A study in Veracruz, Mexico reported a death rate
of 0.9 per 100, 000 for the year of 1993 (13). Globally, the TB mortality rate was 21 (per 100,
000) in 2008 and 30 in 1990 (33), which was much higher than that of our study. Although the
global TB mortality is falling the rate of decline is very low. Low CFR in the current study might
be related to quality of care provided by TB control program, centralized TB control activities,
universal access to health care, healthy migration effect, low level of recurrence and resistance.

This study also identified several important risk factors for TB‐caused morality and TB‐
contributed mortality. The significant risk factors for TB‐caused mortality in multivariable
analysis were older age, Aboriginal ethnicity, Caucasian ethnicity, miliary/meningeal TB, far
advanced PTB, malnutrition, renal failure and alcoholism. On other hand, older age, Aboriginal
ethnicity, miliary TB, HIV/AIDS, malnutrition, alcoholism, substance abuse, malignancy and
renal failure were significantly associated with TB‐contributed mortality.

6.4.1 Older Age
This study demonstrated a very strong age effect on TB‐related mortality. Elderly people were
significantly more likely to have TB‐caused and TB‐contributed mortality. This finding was
anticipated and consistent with the published literature. The Mexican study observed an
increased effect of age (AOR: 1.02 per year) among patients dying from TB (13). A Dutch study
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reported that the mortality rate due to PTB was significantly higher among patients older than
75 years (17). The Australian study also observed increased occurrence of TB‐related deaths in
elderly TB patients (15). An increased mortality among elderly TB patients was reported in
many all‐cause mortality studies (9‐11).

A national (all‐cause mortality) study in Netherlands reported a high relative risk of death
(AHR=45) among patients 65 years and older compared to patients younger than 25 years (11).
The North American clinical trial (all cause mortality) found an increased effect of age (UOR:
1.04) in univariate analysis (9). The current TB cohort is over‐represented by elderly people.
About one‐third of TB patients were more than 60 years older at the time of diagnosis (current
episode). Elderly people are more vulnerable to die from the disease due to a decreased
immune response, increased presence of co‐morbid diseases and more advanced TB. In
addition, the diagnosis of TB is often difficult among elderly people due to atypical presentation
of TB and superimposition of other chronic illness, increasing the probability of delayed
diagnosis and initiation of appropriate treatment. Therefore, a high index of suspicion is
required in order to make a prompt diagnosis and commence treatment of elderly TB patients.

6.4.2 Failure of Diagnosis/Missed Diagnosis
The key finding in the current study was the post‐mortem TB (missed diagnosis/failure of
diagnosis) as an increasingly important contributor to TB‐caused death. In the current study,
56% of TB‐caused deaths and 34% of TB‐contributed deaths were diagnosed post mortem. The
significant contribution of failure of diagnosis to TB‐related death has been reported
consistently in previous studies (14,20,34). The relative contribution of missed diagnosis to TB‐
related deaths in the Australian study (15) was 28.7% (25/87), which was relatively lower that in
our study (113/286=39.5%). Compared to prior BC studies, the current study demonstrated a
decline in CFR (dying from TB), but the relative contribution of post‐mortem TB did not
decrease proportionately. Even this study showed a relatively higher proportion of TB‐caused

208

deaths due to missed diagnosis than that of earlier BC studies (during 1970‐74: 51%, during
1980‐84: 48%).

Failure to diagnose TB might be related to increased prevalence of TB in certain demographic
groups (such as elderly persons and aboriginal people) as well as higher proportion of TB with
atypical presentations (such as miliary TB and meningeal TB) among post‐mortem cases. In the
current study, in addition to TB‐caused death, several factors such as older age, aboriginal and
white ethnicity, miliary TB, meningeal TB and presence of co‐morbidities (such as malnutrition
and malignancy) distinguished patients who were diagnosed with TB at post‐mortem from
patients who were diagnosed with TB ante‐mortem. Moreover, in Canada the incidence of TB
declined steadily in recent decades which particularly made the disease less prevalent in the
community. Due to lack to lack of experience in diagnosing TB, physicians are less likely to
consider TB, especially in patients with atypical presentations, which further enhance the
possibility of a missed diagnosis. A recent Canadian study demonstrated a positive relationship
between physician experience with TB and survival of TB patients (35). Education and increased
awareness about presence of post‐mortem TB is therefore of particular importance in this
setting.

6.4.3 Miliary TB
The presence of miliary TB was not only associated with mortality, but also emerged as the
most powerful predictor of TB‐caused mortality in this study (among patients who died from
TB, 44% had a miliary TB diagnosis). A similar association was also shown in earlier studies. The
Australian study reported a strong association (between TB‐related death and disseminated TB
(15). This might be related to over‐representation of miliary TB in post‐mortem cases. Other
reasons could be due to an increased prevalence of miliary TB in certain groups such as the
elderly and Aboriginal people as well as in patients with history of poor prognostic factors such
as renal failure, malnutrition, HIV/AIDS, drug abuse and alcoholism. Overall, 4.4% of TB
patients in this cohort had a diagnosis miliary TB, which was relatively higher, compared to
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Canadian average (2% in 2004) (36). Prevalence of miliary TB was 8% among Aboriginals, but
was much higher in patients with certain co‐morbidities (HIV/AIDS: 27%, drug abuse: 19%, renal
failure: 15%, malnutrition: 15%, immune‐suppressive medication: 15% and alcoholism: 10%).

Miliary TB is an indicator of the severity of diseases and has been associated with higher
morbidity and mortality in other reports. In this study, CFR was 29% for TB‐caused death and
23% for TB‐contributed death. Due to atypical presentation, miliary TB is often difficult to
diagnose, thus increasing the possibility of missed or delayed diagnosis (36). A high index of
suspicion and initiation of therapy before the confirmed diagnosis is critical in order to prevent
morbidity and mortality from this devastating form of TB. Awareness regarding the atypical
presentation and the increased mortality related to miliary TB in the community as well as in
health care workers is required.

6.4.4 Aboriginal People
This study demonstrated that Aboriginal people were at an increased risk of death due to TB.
This finding is unique in Canadian setting. The north‐American clinical trial did not find an
increased risk of death from tuberculosis while on treatment among Native Americans (9).
Another study in Australia reported no elevated risk of dying from tuberculosis (TB‐related)
among indigenous population (15). Previous BC studies (14) did not observe a significantly
increased risk of TB‐caused mortality among Aboriginals compared to the White TB patients.
This increased risk in Aboriginal people is partly attributable to their life styles (such as
substance abuse and alcoholism) and increased presence of certain co‐morbidities including
HIV. In the current study, the frequency of drug abuse, alcoholism, malnutrition, HIV/AIDS and
renal failure was significantly higher among Aboriginal TB patients than that of Canadian‐born
non Aboriginal as well as foreign‐born. All these factors have been associated with increased
morbidly and mortality among TB patients in TB‐mortality studies. The prevalence of HIV/AIDS,
diabetes mellitus, heavy alcoholism, substance abuse and other co‐morbidities is also higher in
the Aboriginal communities compared the general population (37‐41).
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Other potential reasons for increased risk of dying was due to increased presence of severe
forms of TB (such as miliary TB and meningeal TB) as well as post‐mortem TB among aboriginal
population. The current study demonstrated a disproportionate burden of post‐mortem cases
among Aboriginal people. This might be related to cultural barrier such as patient’s decreased
desire to seek care and the isolated nature of some communities. In addition, aboriginal people
represents socially vulnerable group, which are often difficult to reach for early diagnosis and
treatment. Culturally safe intervention is urgently required for this high risk population.

6.4.5 Caucasian
This study demonstrated an increased risk of mortality from TB among Caucasians. This finding
is consistent with other studies (mainly all cause‐mortality) conducted in similar setting (42,43).
However, the relationship between White and TB‐caused mortality was not significant in the
previous BC study (14). A study in Birmingham, UK that specially investigated the effect of
ethnicity observed a significantly higher CFR (death on treatment) among Caucasians (9.4% vs.
1.5%) than in Asians (42). The North American clinical trial (all cause mortality) found a
significantly increased mortality among White TB patients (UOR: 1.81) in univariate analysis (9).
The increased CFR among this ethnic group might be related to increased presence of elderly TB
patients and more severe forms of TB among Caucasians. In addition, a relatively higher
proportion of Caucasian TB patients were suffering from a concomitant illness ‐could be
another potential reason for increased fatality among Caucasians.

6.4.6 Far Advanced PTB and CNS/Meningeal TB
Far advanced PTB and meningeal TB were other important predictors of TB‐caused mortality in
the current study. Severe forms of TB have been associated with mortality in TB patients in
other studies (18,27,31,34,44,45). Far advanced PTB represents a severe form of TB and could
increase the risk of death in TB patients due to its association with respiratory insufficiency.
Tuberculosis meningitis is another life threatening form of TB and was associated with higher
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morbidity and mortality in other studies, even after the initiation of anti‐TB medication (46‐49).
Like miliary TB, meningeal TB is often difficult to diagnose, thus increase the possibility of
delayed diagnosis. Advanced pulmonary TB was found to be a significant risk factor for dying
from TB in the previous BC study (14).

6.4.7 Drug Resistance
MDR was strongly associated with TB‐caused mortality in this study in bi‐variate association.
However, this association was not found significant in the multivariable model (data not
shown). A number of previous studies, especially from Russia, have reported an increased risk
of mortality among patients with MDR (8,31), but others have not confirmed this relationship
(15,27). No significant association between mortality and drug‐resistant diseases was found in
the study in the USA (10). MDR‐TB did not have a significant impact on mortality in another USA
study (18). Even studies in a high burden setting like South Africa showed no increased risk
associated with drug resistance, especially with MDR (30,50). The low number of cases might
lead to the non‐significant association in our study.

6.4.8 HIV
HIV was significantly associated with TB‐caused mortality in bi‐variate analysis, but was not
significant in multivariable model. However, it was one of most important risk factor for
mortality among patients whose death was indirectly related to TB (TB was a contributing
factor) in a multivariate analysis. The deleterious effect of HIV on TB‐related mortality has been
well shown previously (30,45). Due to impaired immunity, it is not surprising HIV could
accelerate deaths among TB patients. Majority of those reports were all‐cause mortality
studies and did not distinguish between TB‐caused death and deaths caused by other illness.
The effect of HIV was most evident in African studies (30,45). The Australian study could not
examine the effect of HIV on TB‐related mortality due to unknown HIV status for most of the
212

patients (15). Another Russian study reported no HIV positive case among patients who died of
TB (8).

The Dutch study (all‐cause mortality, AOR: 9.9) and the North‐America TB trial (all‐cause
mortality, AHR: 3.9) reported a very strong association between HIV infection and mortality
(9,11). On the other hand, several studies in the post‐HIV era did not observe an elevated risk
of dying from TB (all cause, during treatment) among HIV‐positive patients (10,32). Several USA
studies conducted in hospital settings also confirmed this finding. For examples, the all‐cause
mortality study in USA among patients hospitalized for TB patients observed no significant
association between HIV and mortality (10). Another hospital based USA study (51) showed
similar results. Even some studies conducted in settings where HIV‐TB co‐infection was more
prevalent has shown that HIV‐infection was not related to in‐hospital mortality among TB
patients (27).

The stronger effect of HIV on TB‐contributed mortality than that of TB‐caused mortality is not
surprising. Patients whose deaths were not directly attributed to tuberculosis might die from
other co‐morbidity. HIV /AIDS could be the predominant cause of death for these patients. The
South African gold‐miners study showed a significantly higher proportion of deaths due to TB
among HIV‐negative patients than in HIV‐positive persons (30). The current study has shown
similar evidence: a higher proportion of all deaths due to TB (13% vs. 21%) among HIV‐negative
TB patients than in HIV‐positive TB persons (Table 6.11).

6.4.9 Comorbidities
This study has demonstrated that several co‐morbid diseases were significantly associated with
TB‐related mortality in multivariate model (malignancy, renal failure and malnutrition for TB‐
contributed mortality, but only chronic renal failure and malnutrition for TB‐caused mortality).
A similar relationship has been reported in other studies. The presence of concomitant illness at
the time of diagnosis among PTB patients was significantly associated with TB‐caused mortality
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in the Mexican study (13). In another Australian study an elevated risk of dying from TB (TB‐
related mortality) was shown among patients with coexisting malnutrition, liver disease and
renal disease (15). However, in the same study, other co‐morbidities such as diabetes,
malignancy and steroid treatment were not found to be significant risk factors for TB‐related
mortality (15).

An all‐cause mortality study in USA among hospitalized TB patients observed that several co‐
morbid conditions such as end‐stage renal disease, malnutrition and immune‐suppression were
the largest contributors to mortality over a 14‐month follow up period (10). Another recent
USA study reported that TB patients who died during hospitalization had a greater likelihood of
co‐morbid illness (51). An all‐cause mortality study in Bolivia among hospitalized PTB patients
reported that co‐existing pathology (such as diabetes, silicosis, malignancy and renal
insufficiency) was the largest predictor of mortality (2). However, this study showed that effect
of co‐morbidity including HIV was much higher on TB‐contributed mortality than that of TB‐
caused mortality. Since patients with TB‐contributed deaths mainly died due to other causes
other than TB, reflecting that co‐morbidity such as HIV/AIDS, renal failure and malignancy were
the major contributors of deaths for those patients. A previous BC study has shown a
significantly increased presence of chronic renal failure and malignant disease in patients with
TB‐contributed mortality than in patients whose deaths were caused by TB or unrelated to TB
(14). Malnutrition (10,15,52) and related factors such as low Body Mass Index (53,54), low
weight (27,55) and weight loss (56) were shown to increase the risk of death in several studies.

Behavioral factors such as alcoholism and drug abuse were significantly associated with TB‐
related mortality, although the effects of drug abuse disappeared in a multivariate model for
TB‐caused mortality. The effect of alcoholism was not significant in the Australian study (15) as
well as in the Mexican study (13). An increased presence of alcoholism among TB cases
diagnosed at autopsy was reported in other studies (20,34). In a USA (all cause) study (10),
alcoholism was significant in a univariate model but not in the multivariate analysis. Use of IV
drugs was not a significant risk in the same study. Several Russian studies have shown an
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elevated risk of dying (all‐cause) associated in the presence of substance abuse and alcoholism
(8,31). Other studies also reported a significant association between alcoholism and mortality
(9,11,57).

According to the national addiction survey in 2004, the prevalence of lifetime and past year
illicit drug use (other than cannabis) in BC was 23% and 4% respectively (58). BC has the highest
prevalence of illicit drug use compared to other provinces in Canada (58). The frequency of drug
use was relatively low in the TB cohort due to over‐representation of foreign‐born people who
use illicit drugs very infrequently. Drug addiction has been associated with increased mortality
and morbidity in many studies (59‐61). Both alcoholism and drug use are subject to
modifications. Interventions targeting these high risk populations are urgently required.
Establishment of a systematic approach in order to identify TB patients with alcoholism and
substance abuse, then putting them in the appropriate drug or alcoholism treatment program
should be prioritized in the current TB care. In addition, the association of malnutrition with an
increased mortality risk suggests that more aggressive attention to improved nutrition during
the treatment phase would be appropriate.

This study has several limitations. This study did not evaluate the effect of treatment as well as
treatment regimens. However, the greater likelihood of death in the early period of
chemotherapy was evident in this study (Table 6.4). About 86% of total TB‐caused deaths
occurred within two months of diagnosis. This finding was consistent with earlier studies
(62,63). Missing observations was another limitation of this study, which was more frequent for
co‐morbid conditions. We considered missing observation as representativeness of no
response. Therefore, the effects of co‐morbidities on TB‐related mortality were evaluated in
comparison to patients with no or unknown co‐morbid status. However, the sensitivity analysis
restricted to patients with valid responses showed similar patterns for significant associations
between TB‐related mortality and comorbidity (Table A.11).
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6.5 CONCLUSIONS
In this study despite a high crude death, death specifically related to TB was low. In addition,
we identified a number of important risk factors for TB related death in a population‐based TB
cohort. Failure of diagnosis or failure to seek care continues to be one of the largest
contributors to TB‐related deaths. Aboriginal people were at the greatest risk of dying from TB.
Culturally safe interventions are urgently required for this high risk population. In addition,
miliary, meningeal and advanced PTB were the strongest predictors of TB‐caused mortality.
Among co‐morbidities, alcoholism, malnutrition and renal failure were strongly associated with
increased risk of dying specifically from TB. Several factors including malnutrition, alcoholism
and drug abuse are subject to modifications. Effective Interventions (such as nutritional
supplement program and active surveillance for TB patients with alcoholism and drug abuse)
should be prioritized in the current TB control program. The effects of co‐morbidity including
HIV were much higher among patients whose deaths were partly attributed by TB. These
findings underscore the need to intensify current efforts in order to prevent future deaths from
TB in high risk populations.
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CHAPTER 7: SUMMARY, CONTRIBUTIONS, POLICY
IMPLICATIONS & RECOMMENDATIONS, FUTURE RESERACH AND
CONCLUSIONS
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7.1 SUMMARY OF OBJECTIVES
This PhD thesis is a population‐based research study of TB in British Columbia. Issues examined
in this research project are rate, patterns and determinants of recurrence, re‐infection and
mortality related to TB. The body of the thesis consists of five manuscripts, which are presented
in Chapters from 2 to 6. The primary focus of Chapter 2 is the estimation of incidence of
recurrence and the risk factors for the development of recurrence. Chapter 3 is an estimation of
re‐infection and relapse as a mechanism of recurrent TB. Chapter 4 is a systematic review of the
published literature on TB‐related mortality. Chapters five and six discuss all‐cause mortality
and cause‐specific mortality among TB patients respectively. This is the concluding chapter that
summarizes key findings from Chapter two to six, and outlines implications for future research
and intervention efforts.

7.2 SUMMARY OF FINDINGS
This research project adds to the growing body of literature indicating that morbidity and
mortality related to TB remains a significant public health problem. Based on the available
literature, there has been limited research on TB recurrence, re‐infection and TB‐related
mortality in Canada. To our knowledge, there is no Canadian study that has estimated the
incidence of recurrence and re‐infection. The recurrence study conducted in the Province of
Manitoba used a case‐control design (1). In addition, there is a lack of longitudinal population‐
based data on TB recurrence and mortality in Canada and internationally. Moreover, a limited
number of studies investigated specific causes of death among TB patients and identified risk
factors among TB patients who died primarily due to TB (2,3). This research project therefore
addressed several research gaps by analyzing data from a population based TB cohort in BC.

Chapter 2 investigated the incidence of recurrence, including its risk factors. This study of
recurrence shows that the proportion of recurrent/relapse cases (prevalent cases) during the
study period is relatively high and has not decreased over time. In addition, BC has a higher
relapse/recurrence rate compared to the Canadian national rate as well as other major
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provinces of Canada (4). The stable prevalence of recurrence is an issue of concern due to this
being a source of ongoing increased risk of infection.

The incidence of recurrence was relatively low (370 per 100, 000 person‐years), but not as low
as what found in a recent study conducted in a similar setting in Australia (5). Moreover, the
current research identified several important risk factors for recurrent TB in a population‐based
cohort. Place of initial diagnosis (outside of Canada vs. in BC), treatment related factors such as
incomplete treatment and poor‐adherence to treatment were the strongest predictors of
recurrence. Besides these factors, foreign‐birth, substance abuse and HIV/AIDS have
consistently emerged as risk factors for recurrence.

Chapter 3 estimated the incidence of re‐infection as a mechanism of recurrence. The
recurrence of TB among culture‐confirmed patients with successful treatment was relatively
low in an area with low rates of TB disease (169 per 100,000 PYs). Re‐infection was also an
infrequent cause of recurrence in this setting, which contributed 8% of the total recurrent cases
(out of 24 recurrent cases, 2 cases were re‐infected with a new strain of MTB). In the current TB
cohort, the incidence of re‐infection was 19 per 100,000 person‐years among culture‐positive
patients with history of successful treatment. The Provincial TB incidence rate was 7.4 per 100,
000 in 2004 (6). Culture proven cases represent approximately 80 percent of the total TB cases
in BC (6). The rate of TB re‐infection after successful treatment did not parallel the local TB
incidence and was three‐fold higher compared to the incidence of TB in the population.

Chapter 4 presented the findings from a systematic review focusing on mortality among TB
patients. Globally, mortality among TB patients was high, ranging from 2.2% (7) to 65.2% (8).
The overall crude mortality (proportion of patients dying from TB) among TB‐patients was
14.5% during treatment (Minimum: 2.2%, Median: 10.3%, Maximum: 39.7%). Few studies
investigated the specific cause of death among TB patients. The lowest TB‐related death
(proportion of patients dying from TB) was 0.1% (9) and the highest was 15.6% (10). A wide
discrepancy in the proportion of subjects with TB‐related death (which ranged from 1.4% to
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75.3%) was found across studies, reflecting the differences in methodology (such as definition
of TB‐caused death) and study populations. Mortality was two‐fold higher in high‐burden
versus low‐burden countries. The higher mortality among HIV positive TB patients compared to
that of HIV non‐infected patients was observed in the majority of studies. Besides HIV, old age
was also identified as a significant risk factor. Other important risk factors were unemployment,
homelessness, co‐morbid conditions (such as malignancy, renal failure and malnutrition), extra
pulmonary TB, smear negative TB and MDR TB.

Chapter 5 provided the rates and patterns of mortality among TB patients and factors
associated with mortality (all‐cause) among TB patients. This study demonstrated that a
relatively higher excess mortality exists in the TB cohort than the general population of BC.
Overall, the age standardized mortality ratio (ASMR) showed an increasing trend from 1990 to
2006 (Range: 9‐29, Median: 16). In addition, TB patients died at a younger age compared to the
general population. The overall occurrence of death was 29 per 1000 PYs. The Kaplan Meier
(KM) survival curve demonstrated that the cumulative mortality at the first 6 (393 deaths) and
12 months (466 deaths) was 8% and 10% respectively.

This all‐cause mortality study also identified a number of important risk factors for mortality
among TB patients in BC. Increasing age, male gender, Canadian‐born non‐aboriginal status,
Aboriginal ethnicity, Caucasian ethnicity, culture confirmed TB, miliary/disseminated TB, far
advanced PTB, HIV/AIDS, malignancy, renal failure, alcoholism and substance abuse were
significantly associated with mortality in multivariable setting. Aboriginal people had not only
one of the highest risks of mortality but were also more likely to die at a younger age. Deaths
in younger TB patients were largely attributable to behavioral factors such as substance abuse
and alcoholism, and HIV/AIDS. In contrast deaths in older patients were more likely to be due to
associated co‐morbid‐conditions including malignancy and renal failure.

Chapter 6 investigated the rates and determinants of death caused by TB (TB was the
underlying cause or a contributing factor). Despite a high crude death rate among TB‐patients
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(1069/5408=20%), death specifically related to TB was considerably lower. Overall, the
percentage of TB‐caused deaths (TB was the underlying cause) and TB‐contributed deaths (TB
was a contributing factor) was 2.0% (109/5408) and 3.3% (177/5408) respectively. This study
identified a number of important risk factors for dying from TB in resource‐rich setting. Failure
of diagnosis continues to be one of the biggest contributors to TB‐related deaths. Aboriginal
people were at greatest risk of dying from TB. In addition, miliary TB, meningeal TB and
advanced PTB were other important predictors of TB‐caused mortality. Among co‐morbidities,
alcoholism, malnutrition and renal failure were strongly associated with increased risk of dying
specifically from TB. However, the effects of co‐morbidity including HIV were much higher
among patients whose deaths were partly attributed by TB (TB was a contributing factor only).

7.3 UNIQUE CONTRIBUTIONS TO RESEARCH
The methodology and analyses of this thesis provide an important body of evidence that makes
significant additions to the epidemiological literature, specifically related to TB recurrence and
mortality. Overall, this research project underscores the public‐health importance of
conducting longitudinal analyses with population‐based data. Globally, a limited number of
countries maintain a central registry of TB patients that contains a broad range of information
including demographic, clinical, behavioral and radiological data. In Canada, not all provinces
have a centralized TB control system.

Using this population level information (rather than those obtained in institutional or selected
hospital settings) provides more precise risk estimates and a high level of external validity
(generalizability) for study findings. In addition, combining clinical, radiological and
demographic information into a single model also facilitates obtaining unbiased estimates of
hazard ratios for potential predictors. To the best of our knowledge, data presented in these
analyses are one of the largest studies and in addition by observing patients for a period of 17
years, this research project represents one of longest follow‐up studies on TB‐related
recurrence and mortality.
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This is the first Canadian study that provides a population‐based estimate on incidence of TB
recurrence and re‐infection. We followed a systematic approach to investigate the recurrence
of TB. The quantification of re‐infection demonstrate that community transmission still exists
and provides important public health messages for TB control programs including vaccine
design, and evaluation of treatment regimens.

The systematic review evaluating TB mortality, is the first to address this question, and as such
is another original and important addition to the current epidemiological literature on TB‐
related mortality. This review identifies gaps in the existing literature and identifies variations in
mortality rate and factors associated with mortality that exists between high and low‐burden
setting. This review also highlights the profound effect of HIV infection on TB‐related mortality
throughout the world.

The increased risk of mortality from TB among patients of Aboriginal ancestry is a unique
finding that makes an important contribution to the literature. This highlights the increased
social and environmental vulnerabilities in this population.

7.4 LIMITATIONS
There are several limitations in this research project that warrants consideration in interpreting
of some of the findings. Although the administrative databases provide information that is not
subject to recall biases, there are some inherent limitations associated with administrative
databases. Some of the demographic and clinical information for patients was collected
through self‐administered questionnaire. Therefore, self‐reporting bias and incomplete
observations are potential limitations of the current TB databases. The proportion of subjects
with incomplete information was greatest for variables that documented co‐morbidities. We
attempted to reduce missing data on related outcomes such as TB recurrence and TB‐related
death through the review of physician notes associated each individual TB‐patient.
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We considered that patients with unknown co‐morbidity status were more representative of
patients without co‐morbid status (no response) due to nature of collection of information
followed in the TB control division. Therefore, the effects of co‐morbidity on outcome
(recurrence or mortality) were evaluated in compared to patients without comorbidity or
unknown status (combined into a single category). However, we conducted separate
multivariable models (sensitivity analysis) for co‐morbidities restricting to patients with valid
responses to comorbidity status. Patterns of significant variables were similar in both scenarios
(primary analysis and sensitivity analysis). It is noteworthy to mention that due to the
retrospective nature of data collection, an administrative database does not allow us to
accurately investigate all risk factors.

Absence of active follow could be another limitation for both recurrent and mortality studies.
Due to passive nature follow up, this study might not account for a few cases which have
moved from BC. Some of these cases could have outcome that might lead to an under‐
estimation of incidence of recurrence or mortality. However, a study conducted by Onofre et
al. 2004 in BC among TB contacts using the BC linked health databases showed that migration
of TB patients was low (11).

The possibility of re‐infection by the same strain could be a potential limitation of the re‐
infection study. However, we do not think this would significantly affect the re‐infection
estimates due to the high level of heterogeneity that exists among the TB strains currently
transmitted within the community and the high discriminatory power of MIRU fingerprinting
method (12‐15).

7.5 POLICY IMPLICATIONS AND RECOMMENDATIONS FOR TB CONTROL
PROGRAM
This thesis offers an important body of evidences regarding the TB recurrence and TB‐related
mortality which have important implications for control and prevention of TB both in Canada
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and internationally. Each chapter (Chapters 2 to 6) provides recommendations that are specific
to that chapter’s findings, but it is worthwhile to highlight several recommendations in this
concluding chapter due to the cumulative evidence across studies and have a direct
relationship to health policy. Several factors were significantly associated with TB recurrence
and mortality; some of these factors are potentially modifiable.

This research project provides empiric evidence to suggest that excessive mortality occurs
among TB patients compared to the general population. In addition TB patients are dying at a
much younger age. The excess burden of recurrence and mortality among TB patients both at
an individual level and on the health care system highlights aspects of TB control program that
could be improved. Moreover, these findings supports the need for additional funding for
research, prevention, treatment and effective interventions to reduce the burden of TB as well
as morbidity and mortality associated with TB, especially in certain ethnic groups (such as
Aboriginals).

Place of diagnosis (outside of Canada) for the initial episode was one of the strongest predictors
of TB‐related recurrence. This was more reflective of patients who were born outside of Canada
with a prior history of TB. Vancouver is a place of immigrants, especially from Asian countries
(such as China, Vietnam, Hong Kong, Philippines and India). Resources and infrastructure for
TB‐control programs are severely limited in these countries. Moreover, in foreign‐born TB
patients, about 45% of recurrence occurred within three years after their arrival in Canada.
These findings have practical implications to local TB control program and provide an empiric
evidence to prioritize the development and implementation of effective screening and
treatment protocols for this high risk group (foreign‐born patients with prior history of TB at
their host country) after their arrival in Canada. Moreover, these findings highlight that local TB
control activities are not adequate to combat TB‐related morbidity locally unless there are
initiatives in immigrant’s origin countries to reduce the burden of TB there. For foreign‐born
patients with a history of TB, interventions such as aggressive monitoring, post‐arrival active
surveillance and prophylaxis should be prioritized in the current TB control program.
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The further recommendations for the prevention of recurrence stem from the increased
likelihood of recurrence among TB patients who had a history of incomplete treatment as well
as non‐compliance to treatment. Despite increased efforts, non‐completion of treatment as
well as poor‐adherence to treatment continues to occur in resource‐rich countries like Canada.
Explanations for incomplete treatment fall into two categories: one is intrinsic to treatment
(such as longer duration of treatment and side effects) and other is related to
individual/behavioral characteristics (such as substance abuse, alcoholism and poor‐compliance
with the recommended regimens). Factors related to treatment duration cannot currently be
modified or reversed, although the development of more effective therapies in the future could
make this a modifiable process. However, interventions emphasizing behavioral characteristics
(such as poor‐adherence) could have greater potential to improve the treatment outcome and
eventually decrease the recurrence rate.

Enhanced surveillance activities and aggressive monitoring targeting high‐risk patients (who
default or did not comply the initial therapy) should be prioritized in TB control programs.
Moreover, efforts including involvement of well‐trained and committed outreach workers,
offering of incentives (such as bus tickets and meal voucher) and forceful confinement for
defaulters are needed in order to improve adherence to treatment to prevent the recurrence of
TB. Increased awareness/heath education among patients and other family members, and
identifying patients at risk of non‐adherence at an early stage could have beneficial impact on
treatment outcome by increasing adherence rate among potential defaulters.

This research project identifies an elevated risk (four‐fold increased risk compared to reference
category) of mortality from TB among Aboriginal persons, even after accounting the effects of
important co‐morbid conditions. Another disturbing finding was the decreased life‐expectancy
for Aboriginal subjects with TB. The average age of death for Aboriginal subjects with TB was 54
years, about twenty‐years younger than foreign‐born TB‐patients. Explanations for this
increased risk of dying among Aboriginal TB patients are multifaceted and could be outcome of
a complex interaction between social, environmental and individual characteristics.
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One potential explanation for the disproportionate mortality among Aboriginal people might be
attributable to life style that increases their vulnerability to death. In the current TB cohort, the
prevalence of drug abuse and alcoholism among aboriginal people was 15% and 23%
respectively, which were higher compared to Canadian‐born non‐aboriginal (10% and 10%) and
much higher compared to the foreign‐born (1% and <1%). There is cumulative evidence about
the over‐representation of risky behaviors (such as drug addictions and alcoholism), and several
co‐morbid conditions (such as Diabetes, HIV and Hepatitis C) among Aboriginal communities
compared to the general population (16‐20), eventually leading to a worse prognosis. Although
socio‐economic context (such as poverty, homelessness, crowding, traumatic life experience
and lack of self‐esteem) of Aboriginal subjects are not assessed directly in the thesis, the
detrimental effects of these factors towards their decreased life expectancy cannot be ruled
out.

Other potential reasons for the increased risk of dying was due to the greater likelihood of
severe forms of TB (such as miliary TB and meningeal TB) as well as post‐mortem TB among the
Aboriginal population. The current study demonstrated a disproportionate burden of post‐
mortem cases among Aboriginal people (Chapter 6, Table 6.10). Aboriginal people were also
over‐represented in marginalized populations that were also hard to reach. As a result, the
early detection of diseases sometimes becomes more challenging in Aboriginal population,
which eventually increases the likelihood of a missed diagnosis. These might be related to
patient’s decreased desire to seek care and barriers to access especially given the remote
location of many of the Aboriginal communities (21). Despite universal health care, failure to
seek care and barriers to access remain issues of concern. Although, this study did not directly
evaluate the influence of cultural barriers, but the potential effects of cultural factors on
decreased desire to seek care and subsequent mortality could not be ruled out in this setting.
With respect to health care and delivery system, all these explanations for increased mortality
among aboriginal TB patients have differential implications to the TB control program.
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Alleviation of poverty and other socio‐cultural factors are not the direct responsibilities of a TB
control program. However, due to complex interaction between social and environmental
factors, there is an immediate urgency for a close collaboration between TB program and other
related service providers targeting Aboriginal communities. Strengthening of TB control
initiatives targeting Aboriginal population should be employed immediately in order to reduce
the risk of death. Culturally safe and effective interventions would be valuable in this setting. In
addition, there is an increased need to develop and respond with Aboriginal‐led prevention
strategies to reduce the burden of HIV, substance abuse and other high risk behaviors among
Aboriginal persons.

This research project clearly demonstrates that HIV co‐infection substantially increases the risk
of recurrence and mortality among TB‐patients. The systematic review on risk factors of TB‐
related mortality also confirmed this association. Resolution to this problem is multifaceted.
Prevention of HIV would be ideal solution. People with HIV are many‐ times (20‐ 40) more likely
to develop active TB disease and subsequently to die from TB (22). Therefore, another essential
strategy would be decrease the burden of TB among HIV‐infected persons. The WHO
recommends several strategies (such as intensified case finding, INH prophylaxis and infection
control) for people living with HIV in order to decrease morbidity and mortality related to this
fatal interaction (22). The penultimate strategy would be improved survival of dually infected
persons. In the context of health care delivery, all these strategies provide different
implications to TB control program locally and internationally.

Harm‐reduction strategies would be critical for targeted prevention of HIV infection (since IDU
is the well‐known cause of HIV transmission in North America), but this is very challenging and
requires an integrated/collaborative approach between several service providers. Providing INH
prophylaxis for HIV‐infected persons is straight‐forward and is implemented in many TB control
programs, mostly in resource‐rich setting. In addition, there is cumulative evidence that proper
management of HIV–infected persons including aggressive monitoring of patients, long‐term‐
follow up and introduction of anti‐viral therapy, especially HARRT have greater potentials to
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improve the survival among HIV‐TB co‐infected persons (23,24). This offers an opportunity for
improved management of dually infected persons.

The recurrent study has also shown the increased frequency of non‐completion (two‐fold than
the overall non‐completion rate) and non‐adherence to treatment (two‐fold than the overall
non‐compliance rate) in HIV co‐infected patients. Therefore, interventions (such as
establishment of a longitudinal surveillance system and co‐ordination with HIV care providers)
targeting HIV infected persons should be employed so that this high‐risk population complete
the treatment regimens within an acceptable time‐frame and with good adherence.

Drug abuse and alcoholism, which were associated with higher incompletion rates and poor
adherence to treatment, were more frequent among patients with a recurrence. These
behavioral factors are subject to modification. Patients who use drugs (injection or non‐
injection) or alcohol are more likely not to comply with recommended treatment regimens,
which eventually increase the likelihood of recurrence. In addition, the risk of mortality was
significantly increased among TB patients who had a history of substance abuse and alcoholism.
In this regard, a systematic approach including the identification and monitoring TB patients
with substance abuse and/or alcoholism should be prioritized in the current TB control
program. Moreover, these patients also offer an opportunity for harm‐reduction strategies
addressing their addictions.

Malnutrition was associated with increased mortality in this TB‐cohort. Effective interventions
(such as aggressive monitoring and nutritional supplement program during treatment phase)
targeting this high risk population are urgently required.
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7.6 FUTURE RESEARCH
The findings of current research project demonstrate several key areas for future research. The
thesis highlights the need for interventional research that targets the high‐risk populations
identified here. The efficacy and cost‐effectiveness of such interventions need to be evaluated.

Although an increased risk of dying was observed in certain ethnic groups, we could not
distinguish whether this was related to biological susceptibility or related to social and
environmental factors and their interaction. This uncertainty highlights the need for additional
research in TB patients in evaluating the impact of place and environment on the prevention of
TB‐related morbidity and mortality. The identification of social determinants using GIS mapping
will be particularly helpful in this regard.

Despite the presence of universal health care access and effective chemotherapy for TB
treatment, Aboriginal people are at increased risk of dying from TB. We could not evaluate if
any cultural barrier directly attribute to this increased mortality. Qualitative research evaluating
potential cultural barriers among Aboriginal persons may improve our understanding the
potential cause of the increased mortality among TB‐patients.

Foreign‐born persons account for the majority of TB‐cases both in BC and in the rest of Canada.
There was an increased rate of recurrence in this population. However, the risk of dying was
disproportionately low (compared to Canadian‐born non‐Aboriginal and Aboriginal) in this
group. Future investigation of risk factors stratified by country of origin as well as ethnic status
might be crucial in providing evidence‐based guidelines in controlling and preventing
tuberculosis locally and internationally.

There was evidence to suggest the negative effect of malnutrition among TB‐patients in
resource‐rich countries. We could not distinguish whether malnutrition precedes the disease
or malnutrition was the outcome of the disease itself. Moreover, the causal mechanism
between increased mortality and malnutrition in TB‐patients is unknown. Further research with
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better documentation of malnutrition and its long‐term effect on outcomes in TB‐as well as any
associated morbidity and mortality would be helpful. In addition, the potential benefit of
interventions such as nutritional supplement program for patients with malnutrition should be
formally evaluated in prospective trials.

Failure of diagnosis was a risk factor in this study. Despite universal health care policy in
Canada, the occurrence of delay in diagnosis and initiation of therapy of TB patients warrant
immediate consideration. Future research to evaluate the effect of delay in treatment, in
particular health system delay (diagnostic delay) and patients delay in seeking care in a
Canadian setting would be valuable.

7.7 CONCLUSIONS
Overall, this research project offers an important body of evidence regarding the recurrence of
TB and TB‐related mortality in a population‐based TB‐cohort. The findings have practical
implications for the control and prevention of TB locally and internationally. Despite the
availability of an effective chemotherapy and extensive efforts to reduce the burden of TB,
community transmission and mortality from TB is not infrequent even in resource‐rich settings.
Patients whose initial diagnosis took place outside of BC had at least five times higher risk for
the development of recurrence compared to patients with a diagnosis in BC. Treatment related
factors such as incomplete treatment and poor‐adherence to treatment were other important
predictors of recurrence.

Not surprisingly there is an excess mortality among TB patients compared to the general
population. An issue of concern is the variation in mortality risk especially being very high in
Aboriginal persons. The risk of recurrence and mortality are significantly elevated among TB
patients with HIV‐co‐infection. Failure of diagnosis or missed diagnosis continues to be a major
contributor to TB‐caused deaths. Among co‐morbidities, alcoholism, malnutrition and renal
failure were strongly associated with increased risk of dying specifically from TB. However, the
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effects of co‐morbidity including HIV were much higher among patients whose deaths were
partly attributed by TB (TB was a contributing factor only). Some of these factors are potentially
modifiable. Effective interventions targeting these high‐risk populations are urgently required
in order to prevent recurrence and mortality related to TB.
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Table A.1: Socio‐demographic and clinical characteristics of study cohort (n=5403)

Variable

N (%)

Age at diagnosis of primary episode
Mean (SD)
Median (Range)
Biological gender
Male
Female
Birth place
Canadian‐ born non‐Aboriginal
Canadian‐ born Aboriginal
Foreign‐born
Unknown
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino
Vietnamese
Others
Missing
Marital status
Single
Not single
Other
Unknown/missing
Diabetes Mellitus
Yes
No
Unknown/missing
Malnutrition
Yes
No
Unknown/missing
Alcoholism
Yes
No
Unknown/missing
Drug abuse
Yes
No
Unknown/missing
Either HIV or AIDS
Yes
No
Unknown/missing

Years
46.3 (21.9)
44 (1‐104)
2950 (55)
2453 (45)
876 (16)
708 (13)
3605 (67)
214 (4)
937 (17)
708 (13)
1293 (24)
830 (15)
428 (8)
306 (6)
741 (14)
160 (3)
1110 (20)
1564 (29)
252 (5)
2477 (46)
353 (7)
2432 (45)
2618 (48)
74 (1)
2524 (47)
2805 (52)
314 (6)
2476 (46)
2613 (48)
219 (4)
2480 (46)
2689 (50)
296 (5)
2571 (48)
2536 (47)
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Variable

N (%)

Any Malignancy
Yes
No
Unknown/missing
Immunosuppressive medication
Yes
No
Unknown/missing
Chronic Renal failure
Yes
No
Unknown/missing

159 (3)
2477 (46)
2767 (51)
123 (2)
2524 (47)
2756 (51)
92 (2)
2526 (47)
2785 (51)
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Table A.2: Comparisons of socio‐demographic characteristics between TB patients who had a
history of recurrence (n=490) and who had not (n=4913)
Variable

Age at enrolment visit
Mean (SD)
Biological gender
Male
Female
Ethnicity
Caucasian
Aboriginals
Chinese
South‐East Asian
Filipino
Vietnamese
Others/unknown
Marital status
Single
Not single
Birth place
Canadian born non‐Aboriginal
Canadian born Aboriginal
Foreign born
Birth Country regions
PAHO
African Region
Eastern Mediterranean
European Region
Southeast Asia Region
Western Pacific Region
Place of initial diagnosis
In BC
Outside of BC

Recurrent
(Prevalent) cases
n (%)

New cases

Years
32.4 (17.9)

Years
47.7 (21.8)

0.96 (0.96, 0.97)

307 (10)
183 (7)

2643 (90)
2270 (93)

1.44 (1.19, 1.75)
Reference

79 (8)
86 (12)
182 (14)
43 (5)
31 (7)
18 (6)
46 (6)

858 (92)
622 (88)
1111 (86)
787 (95)
397 (93)
288 (94)
695 (94)

Reference
1.50 (1.09, 2.07)
1.78 (1.35, 2.35)
0.59 (0.40, 0.87)
0.85 (0.55, 1.31)
0.68 (0.40, 1.15)
0.72 (0.49, 1.05)

90 (8)
213 (14)

1020 (92)
1351 (86)

Reference
1.79 (1.38, 2.32)

58 (7)
86 (12)
342 (9)

818 (93)
622 (88)
3263 (91)

Reference
1.95 (1.38, 2.76)
1.48 (1.11, 1.97)

149 (9)
7 (7)
6 (4)
25 (9)
38 (5)
258 (12)

1536 (91)
90 (93)
132 (96)
245 (91)
724 (95)
1923 (88)

Reference
0.80 (0.37, 1.76)
0.47 (0.20, 1.08)
1.05 (0.67, 1.64)
0.54 (0.38, 0.78)
1.38 (1.12, 1.71)

189 (5)
280 (66)

3843 (95)
142 (34)

Reference
40.09 (31.25, 51.44)
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Unadjusted Odds Ratio
(95% CI)

n (%)

Table A.3: Comparisons of treatment and related behaviors between TB patients who had a
history of recurrence (n=490) and who had not (n=4913)
Variable

Duration of Treatment
Mean (SD)
Rx compliance of primary episode
Yes
No
Rx completion of primary episode
Complete
Incomplete
Major mode of Treatment
Supervised
Self‐administered
Culture results
Negative
Positive
Drug resistance status
Sensitive
Mono/poly resistance
MDR
Disease type
Pulmonary
Extra‐pulmonary
Both

Recurrent
(Prevalent)
cases
n (%)

New cases

Years
0.89 (0.72)

Years
0.68 (0.32)

3.05 (2.39, 3.89)

95 (2)
35 (7)

3861 (98)
453 (93)

Reference
3.14 (2.11, 4.68)

149 (4)
100 (26)

3741 (96)
281 (76)

Reference
8.94 (6.75, 11.83)

42 (5)
82 (3)

771 (95)
3041 (97)

Reference
0.50 (0.34, 0.72)

8 (1)
95 (2)

634 (99)
3813 (98)

Reference
1.97 (0.96, 4.08)

84 (2)
10 (3)
1 (4)

3464 (98)
304 (97)
22 (96)

Reference
1.36 (0.70, 2.64)
1.87 (0.25, 14.07)

382 (10)
72 (5)
17 (6)

3259 (90)
1381 (95)
273 (94)

2.25 (1.73, 2.92)
Reference
1.19 (0.69, 2.06)
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Unadjusted Odds
Ratio (95% CI)

n (%)

Table A.4: Comparisons of co‐morbidity and other clinical characteristics between TB patients
who developed a recurrence (n=108) and who did not (n=4356)53

Variable

Diabetes Mellitus
Yes
No
Malnutrition
Yes
No
Alcoholism
Yes
No
Drug abuse
Yes
No
Either HIV or AIDS
Yes
No
Any Malignancy
Yes
No
Immunosuppressive medication
Yes
No
Chronic Renal failure
Yes
No

53

Number of
Incident
cases/Total person
years

Incidence per 100,
000 person years

Unadjusted Hazard Ratio
(95% CI)

5/1714
103/10894

292
946

0.31 (0.12, 0.75)
Reference

2/239
106/11471

835
924

0.86 (0.21, 3.49)
Reference

7/1390
101/11341

504
891

0.59 (0.27, 1.26)
Reference

12/731
96/11332

1641
847

1.80 (0.99, 3.28)
Reference

14/838
94/12000

1670
783

1.86 (1.06, 3.26)
Reference

2/378
106/11407

529
929

0.56 (0.14, 2.26)
Reference

4/479
104/11542

835
908

0.89 (0.33, 2.40)
Reference

2/237
106/11407

845
920

0.91 (0.23, 3.69)
Reference

‐ This analysis was restricted to TB patients with valid responses (yes or no) for comorbidity status.
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Table A.5: Multivariable cox regression analysis to evaluate the effect of co‐morbid
conditions on TB recurrence54
Variable

Controlled for
age, gender, birth
place, culture
status, diagnosis
place

Controlled for
age, gender, birth
country regions,
culture status,
diagnosis place

Controlled for
age, gender,
birth‐country
regions, diagnosis
place, treatment
completion and
compliance

Diabetes mellitus

0.33 (0.13, 0.82)

0.34 (0.13, 0.84)

0.29 (0.09, 0.93)

Alcoholism

0.77 (0.33, 1.80)

0.67 (0.29, 1.56)

0.69 (0.28, 1.72)

Drug abuse

2.67 (1.30, 5.48)

3.30 (1.60, 6.82)

2.71 (1.19, 6.15)

Either HIV or AIDS

2.77 (1.49, 5.16)

3.55 (1.73, 7.29)

3.18 (1.56, 6.49)

Any Malignancy

0.61 (0.15, 2.52)

0.73 (0.18, 3.04)

0.99 (0.23, 4.18)

Renal Failure

1.33 (0.33, 5.47)

1.36 (0.33, 5.56)

1.67 (0.41, 6.89)

Malnutrition

1.19 (0.28, 5.11)

1.40 (0.33, 5.92)

1.12 (0.26, 4.75)

Immunosuppressive medication

1.32 (0.48, 3.64)

1.31 (0.48, 3.60)

1.06 (0.33, 3.41)

54

‐ This analysis was restricted to TB patients with valid responses (yes or no) for comorbidity status.
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Table A.6: Risk factors for recurrence among patients with more than 6 months of inactivity

Variable

Unadjusted Hazard Ratio (95% CI)

Age at diagnosis (primary episode) per year
Mean (SD)

1.00 (0.99, 1.01)

Female
Birth place
Canadian born non‐Aboriginal
Canadian born Aboriginal
Foreign born
Birth Country regions
Pan‐American Health Region
African Region
East. Mediterranean/Europe
Southeast Asia Region
Western Pacific Region
Place of Diagnosis
Outside of BC
In BC
Culture positivity
Positive
Negative/unknown
Rx compliance of primary episode
Yes
No
Rx completion of primary episode
Complete
Incomplete
Major mode of Treatment
Supervised
Self‐administered
Disease type
Pulmonary
Extra‐pulmonary
Both
Presence of Cavitations
Diabetes Mellitus
Malnutrition
Alcoholism
Substance abuse
Either HIV or AIDS
Any Malignancy
Immunosuppressive medication
Chronic Renal failure

1.11 (0.74, 1.65)
Reference
2.60 (0.98, 6.93)
3.34 (1.45, 7.66)
Reference
3.71 (1.26, 10.91)
0.45 (0.11, 1.93)
2.42 (1.29, 4.54)
2.08 (1.29, 3.54)
16.80 (11.16, 25.30)
Reference
0.42 (0.28, 0.63)
Reference
Reference
6.94 (3.97, 12.10)
Reference
6.11 (3.76, 9.94)
Reference
0.96 (0.52, 1.76)
Reference
1.24 (0.81, 1.91)
1.22 (0.49, 3.05)
0.76 (0.19, 3.11)
0.86 (0.35, 2.12)
1.24 (0.17, 8.92)
1.60 (0.74, 3.45)
3.63 (1.83, 7.23)
3.60 (1.91, 6.76)
1.63 (0.40, 6.60)
2.45 (0.90, 6.66)
1.23 (0.17, 8.80)
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Table A.7: Distribution of treatment incompletion and non‐compliance to treatment across
several risk factors
Incompletion
N (%)

P value

Non‐
compliant
N (%)

P value

Overall

275 (7)

446 (11)

Male

153 (8)

Female

122 (7)

Canadian‐born non‐Aboriginal

67 (10)

Canadian‐born Aboriginal

65 (13)

58 (11)

Foreign‐born

133 (5)

273 (10)

Pan‐ American Health Region

144 (12)

African Region

6 (9)

11 (15)

Eastern Mediterranean and
European Region
Southeast Asia Region

23 (8)

33 (11)

20 (4)

49 (8)

Western Pacific Region

72 (5)

151 (9)

Supervised

61 (9)

Self‐administered

181 (7)

Diabetes mellitus yes

12 (5)

0.180

29 (11)

0.573

Alcoholism yes

28 (15)

<0.001

28 (13)

0.638

HIV/AIDS positive

25 (14)

<0.001

35 (16)

0.022

Drug abuse yes

28 (22)

<0.001

26 (17)

0.056

Malignancy yes

8 (11)

0.220

27 (29)

<0.001

0.194

252 (11)

0.120

194 (10)
<0.001

<0.001

0.036

73 (10)

145 (11)

86 (11)

0.701

0.105

0.979

337 (11)
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Table A.8: Lists of variables that were included in multivariable cox regression model for risk
factors of all‐cause mortality among TB patients

Model 3

Model 4

Model 5

Model 6

Model 7

Lists of variables

Adjusted Hazard
Ratio (AHR)
reported

Age
Gender
Birthplace
Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Age
Gender
Ethnicity
Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Any Malignancy
Age
Gender
Ethnicity Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Chronic Renal Failure
Age
Gender
Ethnicity Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Diabetes Mellitus
Age
Gender

All variables
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All variables

Any malignancy

Chronic renal failure

Diabetes mellitus

Lists of variables

Model 8

Model 9

Model 10

Model 11

Ethnicity
Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Immunosuppressive medication
Age groups
Gender
Ethnicity
Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Malnutrition
Age groups
Gender
Ethnicity Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Alcoholism
Age groups
Gender
Ethnicity
Recurrence of TB
Culture status
Millary TB
CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status
Drug abuse
Age groups
Gender
Ethnicity
Recurrence of TB
Culture status
Millary TB
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Adjusted Hazard
Ratio (AHR)
reported

Immunosuppressive
medication

Malnutrition

Alcoholism

Drug abuse

Lists of variables

CNS TB
Far advanced TB
Moderately advanced TB
HIV/AIDS status

255

Adjusted Hazard
Ratio (AHR)
reported

Table A.9 Comparisons of co‐morbidity between TB patients who died during follow up
period (n=953) and who survived (n=4068)55
Variable

Number of
death

Total Person
Years (PYs)

Death/100
0 PYs

Unadjusted Hazard
Ratio (95% CI)

Overall

953

33035

29

‐

410
92

12980
1956

32
47

Reference
1.51 (1.20, 1.89)

427
33

13591
282

31
117

Reference
3.19 (2.24, 4.54)

395
105

13442
1621

29
65

Reference
2.30 (1.85, 2.85)

397
86

13419
916

30
94

Reference
2.72 (2.15, 3.43)

399
425
129

14116
17815
1103

28
24
117

Reference
0.94 (0.82, 1.08)
3.31 (2.71, 4.04)

398
80

13554
460

29
174

Reference
4.52 (3.55, 5.75)

434
37

13537
588

32
63

Reference
1.89 (1.35, 2.64)

415
39

13621
303

30
129

Reference
3.36 (2.42, 4.67)

Diabetes Mellitus
No
Yes
Malnutrition
No
Yes
Alcoholism
No
Yes
Substance abuse
No
Yes
Either HIV or AIDS
No
Unknown
Yes
Any Malignancy
No
Yes
Immunosuppressive
medication
No
Yes
Chronic Renal failure
No
Yes

55

‐ This analysis was restricted to TB patients with valid responses (yes or no) for comorbidity status
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Table A.10: Multivariable cox regression analysis for risk factors of mortality among TB
patients5657

Variable

Model 3
(n=4811)
Adjusted HR
(95% CI)

Model 4
(n=4684)
Adjusted HR
(95% CI)

Age at diagnosis (per decade)

1.06 (1.05, 1.06)

1.06 (1.05, 1.06)

Male gender
Birth place
Foreign‐born
Canadian‐born non‐Aboriginal
Canadian‐born Aboriginal
Ethnicity
Caucasian
Aboriginals
Southeast Asian
Others
Chinese/Filipino/Vietnamese
Recurrent TB
Culture confirmed TB
Millary/disseminated TB
CNS TB
Far advanced pulmonary TB
Moderately advanced pulmonary TB
Either HIV or AIDS
No
Yes
Unknown
Any Malignancy
Chronic renal failure
Diabetes mellitus
Immunosuppressive medication
Malnutrition
Alcoholism
Drug abuse

1.47 (1.27, 1.70)

1.49 (1.28, 1.73)

56
57

Model 5‐11
Adjusted HR
(95% CI)

Reference
1. 91 (1.60, 2.28)
3.02 (2.49, 3.66)

0.74 (0.44, 1.23)
1.52 (1.22, 1.90)
3.37 (2.65, 4.30)
1.56 (0.88, 2.79)
1.86 (1.33, 2.60)
1.16 (0.93, 1.45)

1.83 (1.52, 2.20)
2.93 (2.36, 3.63)
0.82 (0.65, 1.04)
0.95 (0.68, 1.34)
Reference
0.64 (0.36, 1.14)
1.40 (1.13, 1.73)
3.61 (2.84, 4.58)
1.76 (1.03, 3.02)
2.10 (1.52, 2.90)
1.19 (0.96, 1.48)

Reference
4.00 (3.10, 5.15)
0.85 (0.73, 1.00)

Reference
4.00 (3.10, 5.16)
0.84 (0.73, 0.98)
2.39 (1.72, 3.34)
1.59 (0.98, 2.58)
1.20 (0.90, 1.60)
1.24 (0.84, 1.84)
1.32 (0.86, 2.00)
1.35 (1.02, 1.80)
1.87 (1.26, 2.77)

‐ This analysis was restricted to TB patients with valid responses (yes or no) for comorbidity status.
For model description, please see Table A.8
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Table A.11: Comparisons of risk factors among canadian‐born non‐aboriginals, aboriginals,
and foreign‐born people (n=5191)

Age at diagnosis (last episode)
Mean (SD)
Age groups (at diagnosis)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Age at Death
Mean (SD)
Age groups (at death)
0‐40 years
41‐60 years
61‐80 years
80 plus years
Male gender
Recurrence
Culture confirmed TB
Millary/disseminated TB
CNS/Meningeal TB
Far advanced PTB
Moderately advanced PTB
Cavitary diseases
Drug resistance
Sensitive
Mono/Poly resistance
MDR
Diabetes mellitus
Malnutrition
Alcoholism
Drug abuse
Either HIV or AIDS
Any Malignancy
Immunosuppressive Medication
Chronic Renal failure

Canadian‐born non‐
aboriginals (876)
N (%)

Aboriginals
(n=709)
N (%)

Foreign‐born
(n=3606)
N (%)

46.1 (22.7)

40.5 (20.1)

50.0 (21.3)

355 (41)
275 (31)
207 (24)
39 (4)

360 (51)
223 (31)
114 (16)
12 (2)

1473 (41)
877 (24)
955 (27)
301 (8)

62.8 (18.1)

55.4 (16.6)

74.5 (15.0)

32 (14)
74 (33)
76 (33)
45 (20)
591 (68)
58 (7)
625 (71)
41 (5)
10 (1)
25 (3)
85 (10)
64 (7)

41 (20)
83 (41)
6 (32)
15 (7)
387 (55)
86 (12)
549 (77)
57 (8)
15 (2)
18 (2)
79 (11)
51 (7)

24 (5)
48 (10)
218 (46)
186 (39)
1832 (51)
342 (9)
2798 (78)
110 (3)
42 (1)
56 (2)
223 (6)
195 (5)

593 (95)
30 (5)
3 (<1)

529 (96)
20 (4)
0 (0)

2488 (88)
299 (11)
32 (1)

45 (5)
22 (2)
91 (10)
89 (10)
110 (13)
46 (5)
19 (2)
7 (1)

27 (4)
28 (4)
162 (23)
104 (15)
98 (14)
9 (1)
15 (2)
15 (2)

271 (7)
16 (<1)
47 (1)
19 (<1)
72 (2)
91 (2)
80 (2)
54 (1)
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Table A.12: Univariate multinomial logistic regression analysis for co‐morbid risk factors of
TB‐related mortality58

Variable
Diabetes Mellitus
No
Yes
Malnutrition
No
Yes
Alcoholism
No
Yes
Substance abuse
No
Yes
Any Malignancy
No
Yes
Immunosuppressive medication
No
Yes
Chronic Renal failure
No
Yes
Either HIV or AIDS
No
Yes

58

TB was the underlying
cause
Unadjusted OR
(95% CI)

TB was a contributing
factor
Unadjusted OR
(95% CI)

Reference
0.27 (0.09, 0.68)

Reference
0.60 (0.35, 1.03)

Reference
3.31 (1.54, 7.15)

Reference
3.04 (1.60, 5.80)

Reference
2.02 (1.23, 3.30)

Reference
1.58 (1.04, 2.43)

Reference
1.56 (0.84, 2.90)

Reference
2.58 (1.69, 3.93)

Reference
0.16 (0.02, 1.16)

Reference
3.54 (2.30, 5.46)

Reference
0.60 (0.19, 1.91)

Reference
1.67 (0.92, 3.04)

Reference
2.56 (1.14, 5.73)

Reference
5.84 (3.54, 9.63)

Reference
1.81 (1.06, 3.09)

Reference
2.86 (1.96, 4.17)

‐This analysis was restricted to TB patients with valid responses (yes or no) for co‐morbidity status
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