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Background. Despite data suggesting elevated morbidity and mortality among people who have survived tuberculosis disease, 
the impact of respiratory tuberculosis on healthcare utilization in the years following diagnosis and treatment remains unclear.

Methods. Using linked health administrative data from British Columbia, Canada, we identified foreign-born individuals 
treated for respiratory tuberculosis between 1990 and 2019. We matched each person with up to four people without a 
tuberculosis diagnosis from the same source cohort using propensity score matching. Then, using a controlled interrupted time 
series analysis, we measured outpatient physician encounters and inpatient hospital admissions in the 5 years following 
respiratory tuberculosis diagnosis and treatment.

Results. We matched 1216 individuals treated for respiratory tuberculosis to 4864 non-tuberculosis controls. Immediately 
following the tuberculosis diagnostic and treatment period, the monthly rate of outpatient encounters in the tuberculosis group 
was 34.0% (95% confidence interval [CI]: 30.7%, 37.2%) higher than expected, and this trend was sustained for the duration of 
the post-tuberculosis period. The excess utilization represented an additional 12.2 (95% CI: 10.6, 14.9) outpatient encounters 
per person over the post-tuberculosis period, with respiratory morbidity a large contributor to the excess healthcare utilization. 
Results were similar for hospital admissions, with an additional 0.4 (95% CI: .3, .5) hospital admissions per person over the 
post-tuberculosis period.

Conclusions. Respiratory tuberculosis appears to have long-term impacts on healthcare utilization beyond treatment. These 
findings underscore the need for screening, assessment, and treatment of post-tuberculosis sequelae, as it may provide an 
opportunity to improve health and reduce resource use.

Keywords. post-tuberculosis; healthcare utilization; epidemiology.

Received 10 February 2023; editorial decision 04 May 2023; published online 9 May 2023

Correspondence: K. Romanowski, Department of Medicine, The University of British 
Columbia, 655 West 12th Ave, Vancouver, BC V5Z 4R4, Canada (kamila.romanowski@bccdc. 
ca).

Clinical Infectious Diseases® 2023;77(6):883–91 
© The Author(s) 2023. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. All rights reserved. For permissions, please e-mail: journals.permissions@ 
oup.com
https://doi.org/10.1093/cid/ciad290

Tuberculosis is frequently portrayed as a curable infectious dis
ease with limited long-term effects after successful treatment. 
However, recent studies highlight chronic lung disease, disabil
ity, and elevated mortality among tuberculosis survivors [1–3]. 
Although long- COVID (coronavirus disease) has raised 
similar questions on the long-term impacts of severe respiratory 
infections, the post-tuberculosis research agenda has received 
much less attention, with almost four times as many papers 
published about long-COVID than post-tuberculosis [4].

One question that remains unclear is the long-term impact of 
tuberculosis on healthcare utilization. Information on post- 

tuberculosis healthcare utilization is necessary to estimate the bur
den of post-tuberculosis morbidity on the healthcare system, pre
dict resource needs, and identify potential intervention points to 
reduce morbidity and mortality. These data are also necessary 
to accurately evaluate the clinical and programmatic value of 
tuberculosis preventive treatment. The current paradigm of view
ing tuberculosis as an acute illness impairs our ability to accurately 
value the benefits of prevention and develop indicators for chronic 
illness as part of measurements of tuberculosis burden.

Evidence suggests healthcare use increases in the months lead
ing up to tuberculosis diagnosis, primarily due to misdiagnosis 
and prolonged tuberculosis diagnostic workup [5]. However, there 
are also reasons to believe healthcare utilization in the years follow
ing treatment may be higher than expected due to the long-term 
consequences of tuberculosis. For example, people who survive re
spiratory tuberculosis have high rates of airway disease and infec
tious pulmonary complications [6]. They may also experience 
higher rates of cardiovascular disease and mood disorders and re
main at high risk for recurrence, particularly within the first 2 years 
after treatment completion [1, 7, 8]. Lastly, although tuberculosis 
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treatment has saved millions, drug toxicity may also contribute to 
increased healthcare utilization in the post-tuberculosis period due 
to harmful effects on the liver, kidneys, and hearing, especially in 
those treated for drug-resistant tuberculosis [9, 10].

In this study, we sought to examine the relationship between 
treated respiratory tuberculosis and post-tuberculosis health
care utilization. Our primary objective was to measure outpa
tient physician encounters and inpatient hospital admissions 
among individuals with treated respiratory disease in the years 
following diagnosis and treatment. Our secondary objective 
was to explore the reasons for outpatient encounters in the 
years following diagnosis and treatment.

METHODS

Study Setting

British Columbia (BC) is a Canadian province with an annual 
tuberculosis incidence of 6.0 per 100 000 residents [11]. In 
2020, approximately 86% of people diagnosed with tuberculosis 
in British Columbia were born outside of Canada, despite rep
resenting only 22% of the population [11].

The BC Medical Services Plan (MSP) is the universal health 
insurance program administered by the provincial government 
of British Columbia. Enrolment is mandatory for all eligible 
residents, including those with Canadian citizenship and per
manent residents who meet certain conditions [12]. For people 
with provincial health insurance, there are no out-of-pocket ex
penses for physician and hospital care [12].

The BC Center for Disease Control runs a centralized pro
vincial tuberculosis program and maintains a provincial tuber
culosis registry that includes diagnosis and treatment data. 
Mandatory reporting by public health agencies, routine report
ing from the centralized provincial mycobacteriology laborato
ry, and access to publicly funded tuberculosis medications 
make this registry virtually complete for tuberculosis disease 
diagnosis and treatment information in the province [11].

Data Source

The source cohort construction and data linkage for this anal
ysis have been described elsewhere [13]. Briefly, the source co
hort contains linked administrative health data accessed 
through Population Data BC, covering all foreign-born perma
nent residents to Canada who immigrated between 1 January 
1985 and 31 December 2019 and established residency in 
British Columbia. Data elements include demographics, immi
gration information, MSP registration and physician billings, 
hospital discharge, and provincial disease registries, including 
the Provincial Tuberculosis Registry [14–19].

Study Design and Population

We conducted a controlled interrupted time series analysis by 
measuring healthcare utilization at multiple time points before 

and after the tuberculosis diagnosis date. Our study consisted 
of 3 specific periods, which are illustrated in Supplementary 
Figure 1: 

1. The pre-tuberculosis period: up to the 4 years preceding the 
tuberculosis period.

2. The tuberculosis period: beginning 2 years before the tuber
culosis diagnosis date to account for an increase in health
care utilization associated with tuberculosis diagnosis [5] 
and ending 1 year after the tuberculosis diagnosis date to ac
count for tuberculosis disease and treatment (typically 6–9 
months) [20]. This period was not included in our regres
sion models.

3. The post–tuberculosis period: up to the 5 years after the tu
berculosis period.

Our study population included foreign-born individuals 
who established residency in British Columbia, Canada, 
between 1 January 1990, and 31 December 2019, and complet
ed treatment for incident respiratory tuberculosis between 
those dates, as coded in the Provincial Tuberculosis Registry.

People treated for tuberculosis were matched to people with
out a tuberculosis diagnosis from the same source cohort. For 
the non-tuberculosis controls, we imputed a proxy tuberculosis 
diagnosis date based on the distribution of time-to-diagnosis in 
the tuberculosis group. Imputation covariates included age of 
arrival to Canada, sex, tuberculosis incidence in country of or
igin, World Health Organization region, immigration class, 
and year of arrival to Canada.

Propensity score matching was then used to account for dif
ferences in covariates that might influence healthcare utiliza
tion [21]. The propensity score was the predicted probability 
of being diagnosed with tuberculosis based on covariates cho
sen through literature review and our knowledge of tubercu
losis and healthcare utilization [22]. All covariates were 
defined using a covariate assessment window, which began 
on the date their residency in British Columbia was estab
lished and ended 1 year later [13]. Individuals with a tubercu
losis diagnosis date (or proxy diagnosis date) within the 
comorbidity assessment window or without covariate infor
mation were excluded from the study population to ensure 
adequate time to assess demographic characteristics and pre- 
existing comorbidities among our study population. Age and 
sex at immigration date, year of immigration, immigration 
class, and tuberculosis incidence in country of birth were ob
tained from the Immigration, Refugees, and Citizenship 
Canada database [18]. MSP registration data were used to de
termine years since establishing residency in BC and health 
service delivery area [17]. Neighborhood income decile 
from Census data as a proxy measure for socioeconomic sta
tus and comorbidities were measured using the Walraven 
Elixhauser Comorbidity Index [23].
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We matched each person with treated tuberculosis with 
up to 4 non-tuberculosis controls, using nearest neighbor 
matching without replacement and a caliper of 0.1 standard 
deviations of the logit of the propensity score [21, 24]. 
Group balance was assessed using standardized mean differ
ences, with a standardized difference of <0.1 indicating good 
balance [25].

Outcomes

Our primary outcome was healthcare utilization, captured by 2 
key variables:

Inpatient hospital admissions: information on hospital ad
missions were obtained from the Discharge Abstracts 
Database [14]. We included all hospital admissions in BC acute 
care hospitals, including elective and urgent admissions and 
admissions via the emergency department.

Outpatient physician encounters: information on outpatient 
physician encounters was obtained from the MSP database 
[17]. Each physician encounter counted was based on a unique 
combination of patient ID, provider ID, and service date, 
regardless of the number of fee items billed during that 
encounter. We included all physician encounters, 
regardless of International Classification of Diseases-9 
(ICD-9) codes, provided in British Columbia by fee-for-service 
practitioners.

For each measure of healthcare use, we summed the total 
number of physician encounters or hospital admissions for 
each month in both populations. We then divided the sum 
by the population total for that monthly interval, based on 
the number of people in each population alive and enrolled 
in MSP during that month.

For our secondary outcomes, we examined the impact treat
ed respiratory tuberculosis had on out-patient physician en
counters captured under specific ICD-9 codes for (1) diseases 
of the respiratory system, (2) diseases of the circulatory system, 
(3) mental disorders, (4) diseases of the genitourinary system, 
(5) infectious and parasitic disease, (6) injury and poisoning, 
(7) endocrine, nutritional, and metabolic diseases, and immu
nity disorders, and (8) physician encounters related to ill- 
defined conditions (Supplementary Table 1). These categories 
were chosen based on the post-tuberculosis morbidity litera
ture [1, 2, 26–28]. Laboratory and additional diagnostic proce
dures are not captured within these site-specific categories, and 
physician encounters related to tuberculosis-associated codes 
are captured within the infectious and parasitic diseases catego
ry [29].

Statistical Analysis

For our primary objective, we ran 2 separate segmented linear 
regression models to estimate the change in trend and level of 
healthcare utilization following the tuberculosis period; 1 for 
the monthly rate of outpatient physician encounters and the 

other for the monthly rate of inpatient hospital admissions 
[30]. We examined the data for linearity and autocorrelation 
using scatterplots, plots of residuals, and partial autocorrelation 
functions. Preliminary analyses indicated that a linear trend did 
not provide a reasonable fit, so we included a quadratic term to 
fit the expected line for the post-tuberculosis period, which im
proved model fit based on the likelihood ratio test. We also in
cluded a 1-month autoregressive term to adjust for detected 
autocorrelation [30]. We then used the segmented regression 
models to estimate the absolute and relative difference, with 
95% confidence intervals, in observed versus predicted month
ly physician encounters and monthly hospital admissions dur
ing the first and the fifth year of the post-tuberculosis period. 
For each category of healthcare utilization, we also calculated 
the excess healthcare utilization per person over the 5-year 
post-tuberculosis period by subtracting the total number of 
physician encounters or hospital admissions observed during 
the post-tuberculosis period in the tuberculosis population 
from the expected number of physician encounters or hospital 
admissions, respectively.

We used the same methodology for outpatient physician en
counters detailed in our primary analysis for our secondary ob
jective but ran separate segmented regression models for each 
physician encounter category. We also undertook 2 sensitivity 
analyses. First, given that estimates from propensity score ap
proaches are sensitive to model specifications, we used coars
ened exact matching, rather than propensity score matching, 
as this method does not rely on the correct specifications of a 
propensity score model [31]. We used the same variables as 
we did for the propensity score model and group balance was 
assessed using standardized mean differences. Next, because 
our primary analysis encompasses 30 years, where patterns of 
healthcare utilization may have changed remarkably, we re
stricted our analysis to individuals treated for respiratory tuber
culosis between 2000 and 2019. All analyses were conducted in 
R (V.4.0.5) [32]. Propensity score matching and coarsened ex
act matching were conducted using the MatchIt Package 
(V.4.5.2) [33].

Ethical Consideration and Reporting

Ethical approval was provided by the University of British 
Columbia Clinical Research Ethics Board (Certificate number 
H16-00265). We reported this study following the guidelines 
for the Reporting of Studies Conducted Using Observational 
Routinely-Collected Health Data (RECORD) statement 
(Supplementary Appendix) [34].

RESULTS

Of the 1589 people who completed treatment for incident re
spiratory disease during the study period, 1216 were eligible 
for inclusion (Supplementary Figure 2). In total, we matched 
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all 1216 people to 4864 non-tuberculosis controls (Table 1). 
The monthly population denominators and median follow-up 
times are summarized in Supplementary Tables 2 and Table 3, 
respectively.

The monthly rates of inpatient hospital admissions and out
patient physician encounters are presented in Figure 1A and 
Figure 2A, respectively. As expected, those with tuberculosis 
had a steep increase in inpatient hospital admissions and 

Table 1. Baseline Characteristics of the Propensity Score Matched Tuberculosis and Non-tuberculosis Control Populations

Characteristics
Non-tuberculosis Control Population 

N (%)
Tuberculosis Population 

N (%) Standardized Mean Difference

N 4864 1216 …

Medical Service Plan start year … … 0.023

1990–1995 1885 (38.8) 465 (38.2) …

1996–2000 1152 (23.7) 296 (24.3) …

2001–2005 705 (14.5) 181 (14.9) …

2006–2010 651 (13.4) 161 (13.2) …

2011–2015 382 (7.9) 92 (7.6) …

2016–2019 89 (1.8) 21 (1.7) …

Age at arrival to Canada, median (IOR) 43.0 (30.0, 59.0) 43.0 (29.0, 59.0) 0.003

Sex … … 0.014

Male 2781 (57.2) 687 (56.5) …

Female 2083 (42.8) 529 (43.5) …

WHO tuberculosis incidence in country of origin … … 0.032

< 30 per 100 000 120 (2.5) 26 (2.1) …

30 to 100 per 100 000 1579 (32.5) 407 (33.5) …

101 to 200 per 100 000 1621 (33.3) 407 (33.5) …

> 200 per 100 000 1544 (31.7) 376 (30.9) …

WHO region of origin … … 0.031

Western Pacific Region 3000 (61.7) 761 (62.6) …

South-East Asia Region 1333 (27.4) 332 (27.3) …

Eastern Mediterranean Region 189 (3.9) 44 (3.6) …

African Region 141 (2.9) 33 (2.7) …

European Region 115 (2.4) 28 (2.3) …

Region of the Americans 86 (1.8) 18 (1.5) …

Immigration class … … 0.020

Family 2565 (52.7) 647 (53.2) …

Economic 1638 (33.7) 412 (33.9) …

Refugee 438 (9.0) 104 (8.6) …

Other 223 (4.6) 53 (4.4) …

Elixhauser comorbidity score, median (IQR) 0.01 (0.1) 0.01 (0.1) 0.055

Neighborhood income … … 0.027

Lowest 20% 1799 (37.0) 442 (36.3) …

Low-middle 20% 1250 (25.7) 325 (26.7) …

Middle 20% 869 (17.9) 214 (17.6) …

Middle-high 20% 514 (10.6) 131 (10.8) …

Highest 20% 432 (8.9) 104 (8.6) …

Health service delivery area … … 0.023

Metro 4141 (85.1) 1037 (85.3) …

Urban—Rural 611 (12.6) 155 (12.7) …

Rural—Remote 112 (2.3) 24 (2.0) …

Years since arrival, median (IQR) 8.0 (4.0. 14.0) 8.0 (4.0, 14.0) 0.020

Tuberculosis diagnosis year … … 0.089

1990–1995 187 (3.8) 55 (4.5) …

1996–2000 518 (10.6) 131 (10.8) …

2001–2005 821 (16.9) 200 (16.4) …

2006–2010 1157 (23.8) 250 (20.6) …

2011–2015 1321 (27.2) 295 (24.3) …

2016–2019 860 (17.7) 285 (23.4) …

Abbreviations: IQR, interquartile range; WHO, World Health Organization.
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outpatient encounters in the months leading up to the tubercu
losis diagnosis date.

Inpatient Hospital Admissions

At the start of the post-tuberculosis period, the monthly rate of 
inpatient hospital admissions in the tuberculosis group was 1.1 
(95% confidence interval [CI]: .8, 1.4) hospital admission per 
100 population higher than would have been expected in the 
absence of tuberculosis, a relative increase of 60.4% (95% CI: 
43.2%, 77.6%). However, this trend was not sustained and de
creased to the expected rate by year 5 of the post-tuberculosis 
period (Figure 1B, Table 2). The excess hospital admissions 
represent an additional 0.4 (95% CI: 0.3, 0.5) hospital admis
sions per person over the 5-year post-tuberculosis study period. 
In contrast, there was no significant change in the level or trend 
for hospital admissions in the non-tuberculosis group.

Outpatient Physician Encounters

At the start of the post-tuberculosis, the monthly rate of outpa
tient physician encounters in the tuberculosis group was 72.6 
(95% CI: 65.7, 79.4) encounters per 100 population higher 
than expected, a relative increase of 34.0% (95% CI: 30.7, 
37.2) The monthly rate of outpatient encounters remained ele
vated above the expected rate for the duration of the post- 
tuberculosis period (Figure 2B, Table 2). The excess outpatient 
encounters represent an additional 12.2 (95% CI: 10.6, 14.9) 
physician encounters per person over the post-tuberculosis pe
riod. Similar to hospital admissions, there was no significant 
change in the level or trend for outpatient encounters in the 
non-tuberculosis control group.

Reasons for Outpatient Physician Encounters

At the start of the post-tuberculosis, there was an increase in all 
outpatient encounter categories except for diseases of the 

Figure 1. (A) The monthly rate of in-patient hospital admissions per 100 population for all people who completed treatment for incident respiratory tuberculosis and (B) 
results of the segmented regression analysis.

Figure 2. (A) The monthly rate of out-patient physician encounters per 100 population for all people who completed treatment for incident respiratory tuberculosis and (B) 
results of the segmented regression analysis.
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circulatory system. Although above the non-tuberculosis con
trols, circulatory-related physician encounters were at the ex
pected rate for the post-tuberculosis period. Infectious and 
parasitic disease, injury, and poisoning-related encounters re
turned to expected rates within 4–5 years of the post- 
tuberculosis period (Supplementary Figure 3, Supplementary 
Table 4).

In contrast, respiratory-related physician encounters re
mained elevated higher than would be expected for the duration 
of the post-tuberculosis period (Figure 3, Table 2). There were 
also sustained increases in physician encounters related to endo
crine disorders, ill-defined conditions, and diseases of the gen
itourinary system (Supplementary Figure 3, Supplementary 
Table 4). Lastly, although there was an immediate increase in 
mental-disorder-related physician encounters, the monthly 
rate remained below the expected for the post-tuberculosis pe
riod (Supplementary Figure 3, Supplementary Table 4).

Sensitivity Analysis

For the coarsened exact matching analysis, we matched 1108 
people treated for incident pulmonary tuberculosis to 1108 
controls, and our results were consistent with findings from 
our primary analysis (Supplementary Table 5, Supplementary 
Figure 4). Similarly, restricting our analysis to individuals treat
ed for respiratory tuberculosis between 2000 and 2019 also re
sulted in consistent findings (Supplementary Figure 5).

DISCUSSION

Our results demonstrate that foreign-born people treated for 
respiratory tuberculosis in a low-incidence setting experience 
elevated healthcare utilization in the years following the com
pletion of tuberculosis therapy. Moreover, our results indicate 
that respiratory morbidity is a large contributor to the elevated 
healthcare utilization seen. These findings, combined with 
emerging literature showing respiratory tuberculosis, can cause 

irreversible lung damage, including obstructive lung disease, 
bronchiectasis, restrictive disease and infectious complications, 
underscores the need for comprehensive programs addressing 
post-tuberculosis lung disease [35–37].

Notably, we also saw sustained increases in physician en
counters related to endocrine disorders and diseases of the gen
itourinary system after the tuberculosis period. Although 
diabetes and chronic kidney disease are risk factors for tubercu
losis, these conditions may also be exacerbated by tuberculosis 
disease [38, 39]. Studies have shown tuberculosis can lead to 
impaired glucose tolerance and new-onset diabetes [28]. 
Similarly, respiratory infections can lead to faster disease pro
gression in people with chronic kidney disease and expedited 
dialysis dependency, which in turn may increase post- 
tuberculosis healthcare utilization [40].

Some of the most effective ways to avert the short and long- 
term consequences of tuberculosis are to avoid diagnostic 
delays and to provide preventive treatment to people with 
tuberculosis infection [41]. Yet even in well-resourced tubercu
losis programs, only a small proportion of people with tubercu
losis infection receive preventive treatment, largely due to its 
perceived limited benefits [41, 42]. Currently, the clinical and 
programmatic value of tuberculosis preventive treatment is 
based on the potential to avert morbidity and mortality associ
ated with the acute illness and treatment period, typically 
assuming tuberculosis survivors experience “cure” with limited 
long-term morbidity. Our findings, along with recent literature 
on post-tuberculosis disease, dispute this notion and suggest 
researchers reconsider risk-benefit calculations of preventive 
treatment.

A major strength of this study is its design and the use of a 
control group. An interrupted time series methodology is one 
of the strongest quasi-experimental research designs and has 
the distinct advantage of being methodologically rigorous 
but easily interpretable by non-technical audiences [30]. 

Table 2. Changes in Monthly Inpatient Hospital Admissions, Outpatient Physician Encounters, and Respiratory-related Physician Encounters per 100 
Population at 1 and 5 Years Post-tuberculosis for People Diagnosed With Tuberculosis

One year Post-tuberculosis Five years Post-tuberculosis

Expected 
Monthly Ratea

Observed 
Monthly Ratea 

(95% CI)

Absolute 
Difference 
(95% CI)

Relative 
Change  
(95% CI)

Expected 
Monthly Ratea

Observed 
Monthly Ratea 

(95% CI)

Absolute 
Difference 
(95% CI)

Relative 
Change 
(95% CI)

Inpatient hospital 
admissions

1.7 2.8 
(2.5, 3.1)

1.1 
(0.8, 1.4)

60.4% 
(43.2, 77.6)

1.9 2.2 (2.1, 2.4) 0.3 (0.2, 0.5) 17.8% 
(12.4, 28.5)

Outpatient physician 
encountersb

213.6 286.2 
(279.3, 293.0)

72.6 
(65.7, 79.4)

34.0% 
(30.7, 37.2)

207.9 233.3 
(229.9, 236.6)

25.5 
(22.1, 28.8)

12.3% 
(10.6, 13.8)

Respiratory related 
outpatient physician 
encountersc

7.7 12.4 
(11.5, 13.3)

4.6 
(3.7, 5.5)

59.5% 
(47.9, 

71.0%)

7.8 11.3 
(10.9, 11.8)

3.5 
(3.1, 4.0)

44.9% 
(39.8, 51.3)

Abbreviation: CI, confidence interval.  
aPer 100 population.  
bCaptures all unique physician encounters, regardless of ICD-9 billing codes, including laboratory and additional diagnostic procedures.  
cOnly captures unique physician encounters coded for respiratory diseases.
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Additionally, our use of provincial tuberculosis data and near- 
complete capture of hospital admissions and physician encoun
ters added to the strength of this study.

However, this study also has limitations. First, as a retrospec
tive study using linked administrative data, we encountered an
alytical and sampling challenges inherent to administrative 
data. In our analysis, even in the pre-tuberculosis period, those 
who went on to develop tuberculosis had higher healthcare uti
lization rates than matched controls, suggesting there may be 
residual or unmeasured confounding related to measures of so
cioeconomic status, smoking history, or severity of comorbid
ities [43–45]. For our propensity score match, we used 
neighborhood income decile as a proxy measure for socioeco
nomic status because we did not have the necessary variables to 
calculate a deprivation index [46]. While income is a powerful 
indicator of health, it does not adequately capture all domains 
of socioeconomic status [46]. Thus, our use of a proxy measure 
may have resulted in a higher proportion of people from lower 
socioeconomic groups in the tuberculosis population. In addi
tion to being at an increased risk of tuberculosis and chronic 
conditions, people from lower socioeconomic groups report 
higher rates of smoking and often live or work in poorly venti
lated conditions [47, 48]. They also have limited access to high- 
quality healthcare and have less power to act on existing knowl
edge of healthy behaviors, all factors associated with increased 
healthcare use [47–51].

Next, in Canada, approximately 30% of TB diagnoses among 
people who are foreign-born are temporary visa holders, which 
includes tourists, visitors, students, or temporary workers [52]. 
Unfortunately, our data only includes information on individu
als who have received permanent landing status, we were unable 
to capture the healthcare utilization patterns of this group. Third, 
we used data from a high-resource, low-tuberculosis-incidence 
region with universal healthcare to generate these findings. 

Thus, interpretations may not be generalizable in settings with 
different characteristics. Lastly, we did not include the costs as
sociated with the increase in post-tuberculosis healthcare utiliza
tion. For future research, we recommend that a complete costing 
analysis be undertaken to capture the costs of diagnosis, treat
ment, and post-tuberculosis care incurred by patients and the 
healthcare system.

A growing number of studies highlight chronic lung disease, 
long-term disability, and elevated mortality among individuals 
who have survived tuberculosis. Our study adds to this body of 
literature and is the first to capture healthcare use post- 
tuberculosis treatment comprehensively. It shows that health
care utilization in a high-resource setting remains elevated 
among individuals who have completed treatment for respira
tory disease. Adjusting burden and cost estimates to consider 
post-tuberculosis healthcare utilization may substantially influ
ence the perceived benefits of tuberculosis prevention, while in
corporating post-tuberculosis care as part of routine care may 
provide an opportunity to reduce resource use.
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Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
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through the Data Steward(s) or their designated service providers 
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Figure 3. (A) The monthly rate of out-patient respiratory encounters per 100 population for all people who completed treatment for incident respiratory tuberculosis and (B) 
results of the segmented regression analysis.
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