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Abstract

Context—Approximately 80% of US tuberculosis (TB) cases verified during 2015-2016 were
attributed to untreated latent TB infection (LTBI). Identifying factors associated with LTBI
treatment failure might improve treatment effectiveness.

Objective—To identify patients with indicators of isoniazid (INH) LTBI treatment initiation,
completion, and failure.

Methods—\We searched inpatient and outpatient claims for /nternational Classification of
Diseases (Ninthand Tenth Revisions), National Drug, and Current Procedural Terminology codes.
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We defined treatment completion as 180 days or more of INH therapy during a 9-month period.
We defined LTBI treatment failure as an active TB disease diagnosis more than 1 year after
starting LTBI treatment among completers and used exact logistic regression to model possible
differences between groups. Among treatment completers, we matched 1 patient who failed
treatment with 2 control subjects and fit regression models with covariates documented on medical
claims paid 6 months or less before INH treatment initiation.

Participants—Commercially insured US patients in a large commercial database with insurance
claims paid during 2005-2016.

Main Outcome Measures—(1) Trends in treatment completion; (2) odds ratios (ORs) for
factors associated with treatment completion and treatment failure.

Results—Of 21 510 persons who began LTBI therapy during 2005-2016, 10 725 (49.9%)
completed therapy. Treatment noncompletion is associated with those younger than 45 years,
living in the Northeast or South Census regions, and women. Among persons who completed
treatment, 30 (0.3%) progressed to TB disease. Diagnoses of rheumatoid arthritis during the 6
months before treatment initiation and being aged 65 years or older (reference: ages 0-24 years)
were significantly associated with INH LTBI treatment failure (adjusted exact OR = 5.1; 95% Cl,
1.2-28.2; and adjusted exact OR = 5.1; 95% Cl, 1.2-25.3, respectively).

Conclusion—Approximately 50% of persons completed INH LTBI therapy, and of those,
treatment failure was associated with rheumatoid arthritis and persons 65 years or older among a
cohort of US LTBI patients with commercial health insurance.
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infection; public health practice; rheumatoid; treatment; treatment completion; treatment failures;
tuberculosis infection

An estimated 12.4 million US residents have latent Mycobacterium tuberculosis infection
(LTBI), with the majority of those persons being aged 25 to 64 years.> The prevalence of
LTBI overall and by age group has remained steady since 1999-2000.2 Approximately 5%
to 10% of those with newly detected M tuberculosis infection will experience active
tuberculosis (TB) caused by the bacterial reactivation during their lifetime.3 Approximately
80% of the 13777 cases of TB disease verified and genotyped in the United States during
2015-2016 were attributed to reactivation of LTBI acquired 2 years or more earlier.*

Isoniazid (INH) preventive therapy administered for 6 to 9 months has been a standard
regimen for LTBI treatment and has been demonstrated to substantially reduce the risk for
experiencing TB disease.> Longitudinal studies have demonstrated INH effectiveness in
preventing TB disease in the first 5 years after treatment initiation among persons who
completed 6 months or more of INH therapy.6-8 Although lifetime risk for reactivation is
low,3 clinical trials have demonstrated that persons with certain conditions (eg, HIV
infection at the time of LTBI therapy initiation) have higher rates of TB disease.?10 Prior
studies regarding LTBI preventive therapy among US commercially insured persons have
focused primarily on patient characteristics associated with the completion of LTBI

J Public Health Manag Pract. Author manuscript; available in PMC 2021 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Igbal et al.

Methods

Page 3

treatment but not on preexisting comorbidities associated with LTBI treatment failure (ie,
TB disease after treatment completion).11:12

We conducted this study to identify trends in LTBI treatment completion preexisting
comorbidities recognized at the time of treatment initiation that are associated with LTBI
treatment failure among a US cohort of commercially insured persons during 2005-2016.

Cohort selection and data source

Using methods previously developed for claims data,12 we selected a cohort of persons who
filled an INH prescription for possible LTBI from the IBM Watson Health MarketScan (IBM
Corporation, Ann Arbor, Michigan) Commercial and Medicare Supplemental Research
Databases. These databases contain health insurance claims data for persons with employer-
sponsored private health insurance, their spouses, and their dependents, who lived
throughout the United States. Medical claims, outpatient prescription drug claims, and
individual-level enrollment data are linked by unique enrollee identification numbers, which
facilitates longitudinal analyses.

Using outpatient pharmacy claims paid January 1, 2005, through December 31, 2016, we
identified filled prescriptions for INH by National Drug Codes (NDCs). For each patient, we
used the date on which the first prescription was filled for at least a 28-day supply as the
INH treatment initiation index date. Patients had variable times for continuous enrollment,
but all were required to be enrolled continuously for 6 months or more before and 12 months
or more after the INH treatment initiation index date. We used the Current Procedural
Terminology (CPT) codes,13 Healthcare Common Procedure Coding System (HCPC)14
codes, and the /nternational Classification of Diseases Clinical Modifications (Ninth and
Tenth Revision) diagnosis codes (/CD-9-CM and /CD-10-CM®) to identify and exclude
persons with evidence of INH-treated conditions other than LTBI during the 18-month
period of continuous enrollment before and after the INH treatment initiation index date.
These conditions include non-TB mycobacterial infection, multiple sclerosis, nystagmus, or
tremor. We also identified and excluded patients with diagnosis codes associated with TB
disease and patients with pharmacy claims for other drugs approved for treating TB disease,
including rifampin, rifapentine, rifabutin, ethambutol, and pyrazinamide, during the 18
months of continuous enrollment before and after the index date. For a detailed description
of the methods and the NDC, /CD, CPT, and HCPC codes used to select the LTBI cohort,
readers should refer to Stockbridge et al.1% Because the files with pharmacy claims paid in
2016 were released to the CDC in 2017, close to 100% of the paid claims for pharmacy
services were in the 2016 file analyzed.

Data analyses

Trends in LTBI treatment—\We defined completion of LTBI treatment as having claims
for filled prescriptions for 180 or more doses of INH received within 9 consecutive months.
Completed treatments were then categorized as 9 to 12 months (ie, =270 doses in 12
consecutive months) and 6 to less than 9 months (ie, 2180 doses in 6 to <9 months, but <270
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doses in 12 months). The percentage of patients in the LTBI cohort who completed LTBI
treatment with INH was calculated as the number of patients who completed INH treatment
among those who met the LTBI cohort selection criteria.

We defined treatment failure as patients who completed treatment and had evidence of TB
disease for more than 1 year after LTBI treatment initiation. Evidence of TB disease was
defined as 1 inpatient claim or 2 outpatient claims on different service dates with /CD codes
for TB disease, or 1 outpatient /CD code for 2 or more anti-TB drugs, including INH,
rifampin, ethambutol, or pyrazinamide for 2 weeks or less after a TB disease-related /CD
code. Patients who failed treatment had to have continuous enrollment up to the date of TB
diagnosis.

Association between patient characteristics and incomplete treatment—We
assessed the association between patient characteristics and treatment completion status. We
considered patient demographics (eg, age, sex, US region, and TB diagnosis >1 year after
treatment initiation) as possible confounders.

Association between patient characteristics and treatment failure—To assess the
association between patient characteristics and a diagnosis of TB disease more than 1 year
after treatment initiation, we restricted the analysis to patients who met our criteria for
treatment completion. Covariates included age, sex, US region, and category of treatment
duration.

Association between comorbidities and treatment failure—A matched case-
control analysis—To identify risk factors associated with LTBI treatment failure among
patients completing treatment, we conducted a matched case-control analysis of case-
patients with an indication of LTBI treatment failure and control subjects without an
indication of failure. A case was defined as completion of INH treatment and a patient claim
for TB disease more than 1 year after treatment initiation. Two control subjects were
matched with each case-patient from a sampling frame of potential control subjects by using
probability sampling by age (5 years), sex, year of treatment initiation (or closest year of
treatment initiation), INH treatment duration, and continuous enrollment. Control subjects
had the same or shorter duration of INH treatment and the same or greater number of days of
continuous enrollment. Of note, 2 case-patients had control subjects with a different year of
treatment initiation because control subjects with the same year of treatment initiation were
unavailable. The same control subject was not matched to different case-patients. All
diagnostic codes listed for case-patients and control subjects during the 6 months before the
INH treatment initiation index date were captured, and relevant codes were categorized into
the following variables: diabetes, cancer, rheumatoid arthritis, renal insufficiency, excessive
alcohol use, tobacco use, nontuberculous respiratory conditions, abnormal chest radiograph
without a respiratory disorder, HIV/AIDS, prior TB, other immunocompromising
conditions, and surgery (see Supplemental Digital Content Table 1, available at http://
links.lww.com/JPHMP/A611). Among patients with rheumatoid arthritis included in the
case-control analysis, we examined claims for anti-TNF-a therapy (see Supplemental Table
2, available at http://links.lww.com/JPHMP/A611) 6 months before treatment and during the
treatment year.
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Statistical analyses

Results

We used Joinpoint regression (version 4.5.0.1; National Institutes of Health/National Cancer
Institute, Bethesda, Maryland) from 2005 to 2015 to identify years at which statistically
significant changes in the percentage of treatment completion occurred and to estimate the
annual percentage change and corresponding 95% confidence interval (CI) for each trend
segment in the model. We allowed for a maximum number of 3 Joinpoints. Wald’s /1/2 2-
tailed ftest was used to determine statistical significance of the differences in population
attributes between case-patients and control subjects. We excluded 2016 from the trend
analysis because only 1 patient had initiated INH treatment.

We performed regression analyses with SAS (version 9.4; SAS Institute, Inc, Cary, North
Carolina) by using the logistic procedure, and we set the level of significance at < .05. We
used logistic regression to create models to differentiate INH treatment completion status
(completed or not completed). Because of small cell size, we used exact logistic regression
for models differentiating between treatment failure and success. For the logistic adjusted
analysis, we included all variables initially, conducted backward elimination, and excluded
from the adjusted analysis subcategories of variables that had 1 or more cells for either
outcome with no data. We used the likelihood ratio test as a goodness of fit between
backward elimination iterations with < .05.

We used exact logistic regression to estimate the odds ratios (ORs) for variables with
treatment failure as the outcome. We included the variables associated with treatment failure
with £< .30 in the multivariable analyses. Thus, we calculated the association between
treatment failure and age, sex, census region, and year of INH treatment initiation. For our
matched case-control exact logistic regression, we calculated the association between
treatment failure and prior TB, rheumatoid arthritis, and non-TB respiratory diagnoses.

Among 69285 enrollees treated with INH during 2005-2016, 29458 (43%) met the 18-
month continuous enrollment requirement. As displayed in the Figure, after applying the
additional exclusion criteria, the LTBI treatment initiation cohort included 21510 patients.
Of these, 49.9% (n = 10725) completed 6 months or more of INH treatment.

Sample characteristics

Of the 21 510 patients included in the INH LTBI treatment cohort, the highest percentages
were those who were aged 25 to 44 years (n = 7411; 34.5%), resided in the West census
region (n = 8939; 41.6%), were women (n = 12 180; 56.6%), did not complete treatment (n
=10 785; 50.1%), and did not have a diagnosis of TB disease (n = 21 436; 99.7%) (Table 1).
During 2005-2015 (2016 was excluded because only 1 patient had initiated INH treatment),
the percentage of patients completing treatment increased, with an annual percentage change
of 1.9% (95% Cl, 1.0-2.8; P <.05).
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Incomplete LTBI treatment

Of the 10785 noncompleters included in the LTBI treatment cohort, the highest percentage
started treatment during 2009-2012 (n = 5287; 49.0%), were aged 25 to 44 years (n = 4007,
37.2%), resided in the West census region (n = 4376; 40.6%), and were women (n = 6252;
58.0%) (Table 2). After INH initiation, noncompleters had a median enrollment of 2.8 years
(interquartile range [IQR]: 1.7-4.8 years) and a median time to TB disease of 1.8 years
(IQR: 1.3-3.1) (Table 2; see Supplemental Digital Content Figure, available at http://
links.lww.com/JPHMP/A611). Two patients who experienced TB disease for 1 year or more
after INH initiation had gaps in continuous enrollment; 1 was a completer with a 13-day gap,
and 1 was a nhoncompleter with a 146-day gap. Continuous enrollment for the 2 patients was
calculated from INH LTBI treatment initiation to the first period of disenrollment.

Compared with patients who completed treatment, noncompleters had greater adjusted odds
of beginning treatment during 2005-2012 (reference, 2013-2016), being 44 years or
younger (reference, =65 years), residing in the Northeast or South census regions (reference,
West), or being women (reference, men) (Table 2). Length of continuous enroliment and
time to TB disease were similar, regardless of treatment completion.

LTBI treatment failure

Among patients who completed LTBI treatment (n = 10 725), 0.3% (n = 30) had a diagnosis
of TB disease 1 year or more after INH initiation. The greatest proportion of patients who
failed treatment were aged 25 to 44 years and 45 to 64 years (for both age groups, n = 10;
33.3%), resided in the West census region (n = 11; 36.7%), were men (n = 17; 56.7%), and
had initiated therapy in 2009-2012 (n = 22; 73.3%). In the adjusted analyses, patients who
failed treatment had greater adjusted exact odds of beginning treatment in 2009-2012
(reference, 2013-2016) and being 65 years or older (reference, 0-24 years) compared with
patients who had not failed therapy (Table 2).

Matched case-control study results

Case-patients and control subjects had no statistically significant differences before
treatment initiation, except for rheumatoid arthritis (Table 3). In the adjusted analysis,
rheumatoid arthritis and TB treatment failure had a matched association of exact OR = 5.1
(95% Cl, 1.2-28.2).

We further investigated the characteristics of patients with an indication of rheumatoid
arthritis. Among case-patients (n = 9), the majority were women (n = 5; 55.6%), aged 45 to
64 years (n = 5; 55.6%), started treatment in 2009-2012 (n = 6; 66.7%), and resided in the
Midwest or South census regions (for both regions, n = 4; 44.4%) (Table 4). In comparison,
among control subjects (n = 7), the majority were male (n = 4; 57.1%), aged 45 to 64 years
(n = 4; 57.1%), started treatment in 2009-2012 (n = 7; 100.0%), and resided in the South
census region (n = 6; 85.7%). Before INH initiation, 33.3% (n = 3) of case-patients and
14.3% (n = 1) of control subjects with rheumatoid arthritis had a prescription filled for anti-
TNF-a therapy. During INH treatment, 44.4% (n = 4) of case-patients and 85.7% (n = 6) of
control subjects had evidence of anti-TNF-a therapy.
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Discussion

Strengths

Our study addressed the association between certain characteristics and LTBI therapy
completion or failure in a longitudinal study design among commercially insured persons.
We determined that approximately half of insured persons who initiated INH for LTBI
completed treatment. We also identified an association between INH treatment failure and
rheumatoid arthritis and being 65 years or older among those completing INH treatment.

Overall, half of patients in our cohort who initiated LTBI treatment completed it, and our
trend analysis indicated that completion rates are increasing. Our results also indicate that
age, sex, geographic location, and year of INH initiation were significantly associated with
treatment completion. Practitioners should aim to increase treatment completion among
patients who are statistically associated with noncompletion, such as patients who are
younger than 65 years, live in the Northeast or South Census regions, and are female.

Our associations differed from a previous study of commercially insured persons in the
United States.11 Although overall completion rates were similar, the previous study
determined that patients 14 years or younger were more likely to complete treatment and no
association existed with sex, geographic region, or year of INH initiation and treatment
completion. Multiple factors might have contributed to outcome differences; our study had a
larger cohort (21510 vs 1072 persons), a longer study period (2005-2016 vs 2011-2015), a
greater age range (all ages vs 0-64 years), and used a different insurance claims database
(MarketScan Commercial and Medicare Supplemental Research Databases vs Optum
Impact National Research Database, Optum Corporation, Eden Prairie, Minnesota).

Among our cohort, INH treatment failure was rare, approximately 0.3%, and was associated
with either being 65 years or older or having rheumatoid arthritis. In the United States,
persons 65 years or older have been associated with LTBI reactivation, but the association of
prior LTBI treatment completion on reducing reactivation was not measured.1® Rheumatoid
arthritis and treatment with immunosuppressants are known risks for progression to TB
disease after becoming infected with M tuberculosis, and LTBI treatment reduces that risk.1’
Despite recommendations to delay anti-TNF-a therapy until 4 weeks after initiation of LTBI
treatment, 18 we identified a proportion of case-patients (33.3%) and a lower proportion of
unmatched control subjects with rheumatoid arthritis (14.3%) who had begun anti-TNF-a
therapy before initiating INH treatment. Further analyses are needed to assess the
association between the timing of anti-TNF-a therapy and LTBI treatment failure. Our
findings support recommendations that clinicians caring for persons with rheumatoid
arthritis should test for and treat LTBI early and before initiation of anti-TNF-a therapy.
Additional studies using more detailed health records might provide information regarding
whether other comorbidities increase patients’ risk for LTBI treatment failure.

and Limitations

Use of a large, national data source of commercially insured patients strengthens our study
because it provides results regarding private-sector treatment completion and failure for
persons with LTBI in the United States. Another strength is in the use of longitudinal data,
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which capture timing for diagnostic, procedural, and pharmaceutical therapy, thus allowing
temporal adjustment for individual characteristics.

Despite the large data source, INH treatment failure was rare. Studies with more detailed
data are needed to confirm our findings and to quantify the associations of INH treatment
failure with anti-TNF-a therapy timing or age. Another limitation is that the data were a
convenience sample of commercially insured patients and are not generalizable to the entire
US population. The MarketScan database primarily comprises information from large
employers in higher populated cities,° and, consequently, states with larger urban
populations might have overrepresented data. The databases do not include information
about uninsured patients, cash payers, and Medicare beneficiaries without employer-
sponsored supplemental insurance. Information gaps exist for persons who had covered
services but without an insured amount, financial data that were withheld, or uncovered
services. The data are subject to coding misclassification by health care providers or
administrators or by insurance administrators. Finally, the data lack information regarding
the intention of the listed diagnostic code, either as a rule-out or as a diagnosis code,
resulting in the possibility of misclassification. Detailed demographic information,
particularly information pertinent to groups at a higher risk for LTBI (eg, certain racial/
ethnic groups or non—-US-born persons?), is also unavailable.

Our analysis was limited in multiple ways. To be identified as a patient with LTBI, a person
must have filled 1 or more INH prescriptions. The analysis was unable to identify patients
who did not accept INH treatment, failed to fill their first prescription, failed to take the
medication as instructed, or did not ingest the medication after filling the prescription. Also
unknown is whether those identified as having LTBI and who later received a diagnosis of
TB during the therapy period were originally misdiagnosed or progressed to TB disease
during treatment. The study did not distinguish between patients who had a new TB
infection that progressed to TB disease and patients with treatment failure. Patients with
LTBI might have been excluded from the analysis because health care providers
misdiagnosed them as having TB disease and referred them for further testing or
presumptively misdiagnosed patients’ TB disease. The outcome of TB disease was based on
/CD codes and not verified by laboratory tests, resulting in the possibility of treatment
failure misclassification. Selection bias might have been introduced in our study by requiring
persons to have had 18 months or more of continuous insurance enrollment. Because the
majority of persons in our cohort had less than 5 years of follow-up data, we were unable to
identify patients with treatment failure who developed TB 5 years or more after treatment
completion. However, those cases, if reported, would have been reflected in the incidence of
TB, which decreases with time after infection.2°

Finally, whether INH resistance might account for the treatment failures identified in our
study is unknown. Resistance to INH among US TB patients remained steady at 8% to 9%
during our study period.4 However, among persons with exposure to a patient with INH
resistance, the American Thoracic Society and the Centers for Disease Control and
Prevention recommend non-INH chemoprophylaxis?! and therefore these persons were most
likely not represented in our data set because included patients were identified by first INH
treatment.
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Conclusions

Approximately half of commercially insured persons who initiated INH for LTBI completed
treatment,and completion rates are increasing in the United States. Among commercially
insured persons, rheumatoid arthritis and being 65 years or older are associated with INH
treatment failure.
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Implications for Policy & Practice

. TB controllers and others can use commercially available data to conduct
longitudinal analyses of LTBI treatment outcomes.

. Because incomplete LTBI treatment is associated with being younger than 65
years, living in the Northeast or South Census regions, and being female,
practitioners should monitor those patients more closely and provide
incentives to ensure adherence to and completion of LTBI treatment.

. Because patients who completed LTBI treatment, are 65 years or older, or
have a diagnosis of rheumatoid arthritis are at high risk for LTBI treatment
failure, practitioners can avoid that outcome by closer monitoring during
treatment and follow-up of older patients and by delaying use of anti-TNF-a
immunosuppressive therapy for rheumatoid arthritis.
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Patients Who Filled =1 INH Prescription
(n =69 285)

v

Continuous Enrollment for =12 Months After
and >6 Months Before INH Index Date

Continuous Enrollment
Requirements Not Met

(n= 29 458) (Excluded n = 39 827)
v
>28-Day Supply of INH <28-Day Supply of INH
(n =28 535) Because Possibly for Non-LTBI
Condition
(Excluded n=923)
\ 4

No Diagnosis of TB Disease or Non-TB
Mycobacterial Infections and No TB Drug
Prescription for Ethambutol, Pyrazinamide,

Rifabutin, Rifampin, Rifapentine, and INH <6
Months Before INH Start Date

TB Diagnosis or TB Drug
Prescriptions; Possible Active
TB or Non-TB Mycobacterial
Infection: Possible Non-LTBI

Condition

(n=22843) (Excluded n = 5692)
v
No Diagnosis of TB=12 Months after INH Index Possible Misdiagnosis or
Date Progression to TB
(n=21510) (Excluded n = 1333)
v

Final Cohort for LTBI Treatment
(n=21510)

FIGURE.

Patient Inclusion and Exclusion Criteria for the LTBI Treatment Cohort, 2005-2016

Abbreviations: INH, isoniazid; LTBI, latent tuberculosis infection; TB, tuberculosis.
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TABLE 4
Characteristics of Persons With Rheumatoid Arthritis in the Matched Case-Control Study for INH LTBI

Treatment Failure During 20052016

Page 19

Rheumatoid Arthritis

Case-Patients (n = 9), n (%)

Control Subjects (n =7), n (%)

Sex

Year of treatment initiation
2005-2008
2009-2012
Census region
Northeast
Midwest
South
West
Co-diagnoses
None
Surgery
Respiratory disorders (non-TB)
Respiratory disorders (non-TB) and tobacco use
Respiratory disorders (non-TB), diabetes, and renal insufficiency
Anti-TNF-a therapy
0-180 d before INH LTBI treatment initiation
Yes
No
1-365 d after INH LTBI treatment initiation
Yes
No

Median time in years to TB disease after treatment initiation (Q1-Q3)

4 (44.2)
5 (55.6)

1(11.1)
5 (55.6)
3(33.3)

3(33.3)
6 (66.7)

0(0)
4. (44.9)
4 (44.4)
1(11.1)

6 (66.7)
0(0)
1(11.1)
1(11.1)
1(11.1)

3(33.3)
6 (66.7)

4 (44.4)
5 (55.6)
1.9 (1.4-3.8)

4(57.1)
3(42.9)

2 (28.6)
4(57.1)
1(14.3)

0 (0)
7 (100.0)

1(14.3)
0 (0)
6(85.7)
0(0)

6(85.7)
1(14.3)
0(0)
0(0)
0(0)

1(14.3)
6 (85.7)

6(85.7)
1(14.3)

Abbreviations: INH, isoniazid; LTBI, latent tuberculosis infection; TB, tuberculosis.
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