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Abstract

Introduction: The aim of study is to describe factors associated with non-completion of LTBI
therapy.

Methods: We conducted a retrospective cohort study of adults who initiated LTBI treatment with
isoniazid, rifampin, or isoniazid-rifapentine at five clinics. Demographic, treatment and monitoring
characteristics were abstracted. We estimated descriptive statistics and compared differences in
completers and non-completers using t-tests and chi-square tests.

Results: The rate of completion across LTBI regimens was 66% (n=393). A greater proportion
of non-completers were unmarried, used tobacco and/or alcohol and had more medical problems
than completers (all p<0.05). A larger proportion of non-completers had charity care compared

to completers (p<0.001). The most common reason for treatment discontinuation was being lost
to follow-up, with the majority of these participants being treated with the longest isoniazid only

regimen.
Discussion: Patients at risk of progression to active TB with factors associated with non-

completion may benefit from interventions that enhance adherence to LTBI therapy. These
interventions could include enhanced outreach, incentive programs, or home visits.
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Introduction

An estimated 11 million people have latent tuberculosis infection (LTBI) in the United
States [1]. Despite studies demonstrating prevention of progression to active tuberculosis
(TB) [2-4], cost savings [5, 6], and quality adjusted life years saved with treatment of
LTBI [5], the proportion of patients who complete LTBI treatment remains low. Many

of the treatment challenges stem from low adherence in “actual use” scenarios in the
community often with patients with many medical problems, potential substance use issues
and social upheaval. The standard regimen, isoniazid daily for nine months, has less than
60% completion rates [7-9].

Currently, the CDC recommends three regimens: daily isoniazid for nine months [10], daily
rifampin for four months [10] or weekly isoniazid and rifapentine with directly observed
therapy (DOT) for three months [10, 11]. While a shorter course of treatment improves
completion rates [12], understanding which patients may be at risk of non-completion, can
help providers identify patients, especially those at risk of progression to active TB, who
may need enhanced support or case management to ensure completion.

Prior research identified factors associated with non-compliance related to choice of
regimen. Both length of treatment regimen [8, 13, 14] with shorter regimens demonstrating
better rates of completion and side effects [15] are associated with non-completion of

LTBI therapy. Further research efforts have focused on trying to identify patient-level
factors associated with non-completion. Being married appears to be a positive predictor

of completion [13]. Several studies have demonstrated patient transportation or clinic
access issues as a barrier to completion [16-20]. This is particularly important to take into
consideration with the newer DOT therapies available. Homelessness [13, 20], alcohol use
[13], and intravenous drug use [21] also all appear to be associated with non-completion.
While some studies demonstrate an impact of age on completion, with younger patients less
likely to complete therapy [13], others failed to replicate this finding [22]. Similarly mixed
findings exist for variables such as level of education [22], number of years spent living

in the United States [22], and being foreign born [13]. One study demonstrated that males
are more likely to complete therapy than females [20]. However, most of these studies were
completed prior to the approval and wide usage of the three-month isoniazid and rifapentine
regimen as well as increasing use of the four-month daily rifampin regimen and thus do not
provide information on the challenges with additional treatment options.

This study aims to add to the literature of non-completion factors in these newer, shorter
LTBI treatment regimens. The purpose of this study is to describe factors associated with
non-completion of therapy for three LTBI regimens. Insights from this study can be used to
identify modifiable factors and design interventions to improve adherence.
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We conducted a retrospective cohort study of patients who initiated treatment for LTBI

with nine months of isoniazid, four months of rifampin, or three months of isoniazid

and rifapentine. We enrolled patients 18 years and older who were HIV negative and

not pregnant. HIV positive patients were excluded because rifamycin-based regimens have
potential drug-drug interactions with many antiretrovirals that this population may be taking.
Medications were dispensed at a hospital-based pharmacy for patients that were treated at
one of four different hospital-affiliated clinics associated with an academic medical center in
Seattle, Washington. These four clinics included a primary care clinic for homeless patients,
an employee health clinic, an infectious diseases clinic, and an international/refugee clinic.
A fifth site was a county TB clinic.

Data were extracted by three of the authors from the electronic medical record (EMR)

and paper charts (county TB clinic) and data entered using a REDCap-project database
[23]. We abstracted age, sex, marital status, and insurance status from the EMR. Charity
care is defined as someone who met poverty guidelines but could not afford insurance

and was provided free care through the medical center. If information on marital status

or insurance was unable to be obtained from the chart or was unclear, it was marked as
unknown. Patients were classified as using alcohol only if alcohol abuse or dependence
was listed in a problem list or they were noted to drink more than three alcohol-containing
drinks per day in the social history documentation. Otherwise, the person was classified as
not being an alcohol user. Homelessness was defined as living on the street, in shelters,
abandoned buildings, cars, tents or staying in housing the patient identified as temporary
which is a more inclusive definition than the federal definition of homelessness [24]. Per
review of social documentation, those that met this definition were classified as homeless;
all others were classified as not homeless. During the second half of the study period, a
special incentive program was in place for homeless patients. Homeless patients seen in the
TB clinic and the homeless clinic were given special incentives including bus fare or a $10
meal voucher, so that medicine could be taken with food. Patients in the TB clinic were
provided medications free of charge as they were either recent contacts of an infectious TB
case or high-risk immigrants/refugees. Side effects, such as nausea, vomiting, abdominal
pain, neuropathic pain, rash, liver function test (LFT) abnormalities or other laboratory
abnormalities were evaluated. Patient side effects were classified as “other” if the patient
reported a subjective side effect which was not a known side effect of the medication
regimens. Among patients who did not complete therapy, the reasons for discontinuation
included being lost to follow-up, side effects, “other” reasons, patient or provider concern,
LFT abnormalities, finances or other lab abnormalities. Pharmacy records were used to
define treatment completion. Patients were deemed to have completed therapy if they filled
prescriptions consecutively that corresponded to 270 doses of isoniazid within 12 months
[10], 120 doses of rifampin within 6 months [10], and 12 doses of isoniazid and rifapentine
within 4 months [11]. A large proportion of the data abstraction was done by consensus
amongst co-authors. Additionally, a random 10% selection of charts were also reviewed
amongst co-authors for accuracy.
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We estimated the proportion who completed treatment across all regimens combined.

We calculated counts, proportions, and means for demographic, treatment, and health
characteristics for all participants combined and by treatment completion status. We used
Chi-squared tests to compare completers to non-completers on demographic, social and
behavioral factors. To better understand adverse effects of treatment, we calculated the
distribution of side effects across type of treatment among those reporting side effects.
Among those who discontinued treatment, we estimated the proportion reporting various
reasons for non-completion across type of treatment. All analyses were conducted using
Stata 13.1 [25]. The Human Subjects Division of the University of Washington reviewed and
approved this research.

A total of three hundred and ninety-three participants were included in this analysis (n=393).
A total of 259 (66%) participants completed therapy (completers) while 132 (34%) did not
complete therapy (hon-completers) (Table 1) with missing data on two participants. A total
of 87 patients were treated with isoniazid and rifapentine, 82 with rifampin alone and 224
with isoniazid alone. Participants treated with the isoniazid and rifapentine regimen had
similar completion rates as the rifampin alone group which was statistically higher than
those treated with isoniazid alone (Table 1). These associations remained similar in direction
and statistically significant after adjusting for clinic location and type of monitoring (data
not shown).

Almost half of patients who completed (51.0%) and did not complete therapy (47.8%)
received charity care as coverage for their medical care (Table 1). Ninety-one percent

of patients who completed therapy were foreign-born which was similar to 90.2% of non-
completers who were foreign-born. Among those with data on marital status (60%), almost
two-thirds of non-completers were married (60.8%) as compared to 73.7% of completers
who were married. A minority of patients were homeless (15.0% in non-completers and
10.7% in completers).

A greater proportion of non-completers were unmarried, used tobacco and/or alcohol and
had more medical problems compared to completers (all p-values <0.05) (Table 1). A

larger proportion of non-completers had charity care compared to completers (p<0.001). The
proportion of completers and non-completers did not differ by those who spoke English,
were homeless, were experiencing side effects, or were taking more medications (Table 1).
The number of patients using intravenous drugs was too small (n=2) for statistical analyses.

Loss to follow-up was the most common reason for non-completion (Figure 1), and other
laboratory abnormalities was the least common reason. Those patients receiving the longest
regimen of isoniazid alone had the most patients who were lost to follow-up (53 participants
of the 64 total lost to follow-up). Only patients in the isoniazid and rifapentine treatment
group reported finances as a reason for non-completion. LFT abnormalities were a cause

of discontinuation in the isoniazid only group, and to a lesser extent in the combination
isoniazid and rifapentine group. LFT abnormalities were not a cause of discontinuation for
anyone in the rifampin only group (Figure 1).
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Approximately one-third of all patients reported at least one side effect (Figure 2). Small
numbers of patients did report nausea, vomiting, abdominal pain, neuropathic pain or
rash but the most commonly reported side effects were ‘other’ (i.e. not falling under the
previously defined categories) and not typically associated with the study medications (ie.
facial pain). (Figure 2).

Discussion

This paper characterizes factors associated with completion and non-completion of the three
most common regimens for LTBI treatment in five academic clinics. Notably, a lack of
insurance was associated with lower treatment completion and being married and abstaining
from tobacco and alcohol were associated with successfully completing treatment. In prior
studies [9, 14], type and length of treatment is likely one of the most significant factors in
predicting treatment completion for latent tuberculosis. In a separate article, we found that
the use of DOT was not associated with treatment completion when adjusted for type of
treatment [14]. However, there are many additional factors that predict treatment completion
such as patient’s understanding and motivation for LTBI treatment, interaction between the
patient and the prescribing medical provider and clinical staff, perception and true incidence
of side effects, and the response to these events by the patient and the medical provider.

Our study demonstrates that people receiving charity care are less likely than those on
private insurance to complete treatment, which is consistent with the findings of other
studies [20, 26]. In the subjects who initiated treatment in 2013 or later, the Affordable
Care Act had made insurance more broadly available to all but undocumented immigrants.
Washington state, where this study was done, adopted Medicaid Expansion and so the
majority of patients were insured by 2013. It is notable that this difference persists even
though people without insurance or with charity care receive their LTBI treatment for free
at all the clinic sites in our study. Lack of resources for even basic insurance is likely a
marker for poverty or possibly undocumented status, which may mean that patients had
fewer resources and/or support to come to clinic and pick up medicines, even though these
medicines and clinic visits were free. These individuals would likely benefit most from
early initiation of enhanced adherence models and support for completion that may include
more intensive outreach or home visits. Additionally, training of medical providers who
care for LTBI patients may improve engagement of patients in treatment, and provide skills
to handle minor side effects without medication discontinuation, particularly for patients

at risk for progression to active TB. Lastly, cost was listed as a reason for treatment
non-completion only in those patients on isoniazid and rifapentine. In general, medications
were free or insurance was covering medications and so it is possible that the barrier to this
regimen is the cost associated with participating in DOT. Providers will also need to take
into consideration patients’ ability to participate in DOT as this may be a major barrier to
completion.

Consistent with other studies [13, 21], we found that individuals who were using alcohol

or tobacco at the start of therapy completed therapy statistically significantly less often than
those not misusing alcohol or tobacco at the start of therapy. We did not find a statistically
significant association between drug use and treatment failure, but the numbers for drug use
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in this study were quite small. This is likely because, at the clinic sites, most providers do
not initiate LTBI treatment for individuals with active intravenous drug use (IVDU) due to
historically poor adherence.

Positive social networks and a supportive relationship have been found in a number of
studies to enhance health and adherence to medication [13, 21]. We also found this to be the
case with married patients. This may aid in alerting prescribing providers of whom may be
more likely to complete therapy and who may benefit from enhanced adherence support.

An increased number of medical problems was associated with non-completion. A high
number of medical and/or social problems may delay or prevent initiation of treatment for
LTBI in the first place because there are so many other more pressing issues that need to

be covered during a brief clinic visit. The number of medications was not associated with
treatment failure, suggesting that people on multiple medications may develop mechanisms
for remembering their medicines that make up for the complexity. Poor adherence associated
with medical complexity is poorly described to-date in the LTBI treatment adherence
literature and is an important factor when deciding who merits enhanced adherence
practices.

We found that side effects suggest increasing rates of non-completion though this was

not statistically significant. Other studies have reported higher rates of treatment failure
associated with side effects [8, 26]. This could be a limitation of our sample size or a result
of comparing the three LTBI regimens, one of which is relatively new. This does highlight
that providers may want to consider more than just side effect profile when deciding on

an LTBI regimen for patients. Given our results about who completes and who does not
complete therapy, providers may want to consider duration of regimen and need for DOT.

We were surprised to find that country of birth, English proficiency, and homelessness did
not affect completion rates as has been noted in other studies [13]. At our clinic sites that
primarily serve homeless and foreign-born populations, there are pre-existing models for
enhancing adherence such as incentive programs [27] and cultural mediators/case managers
for certain groups of newly-arrived refugees [28]. These cultural mediators/case managers
aim to enhance health literacy in a culturally appropriate way for patients new to the United
States who may not be familiar with medical/clinic practices. This could explain the lack of
difference in completion rates for these populations.

Being “lost to follow-up” was a frequent reason for failure to complete therapy and this has
also been demonstrated in other studies [8]. The most participants were lost to follow-up

in the isoniazid only regimen which is the longest regimen of the three included in this
analysis. This finding argues for careful screening and education prior to initiating therapy
and during treatment to enhance the likelihood of follow up. The reasons for being lost to
follow-up are unknown and should be investigated in future studies.

This study is helpful in characterizing factors associated with non-completion of all three
of the most common LTBI treatment regimens in the US. There are several limitations.
This study included five clinics in one city which could impact the generalizability of these
findings to other populations. Retrospective chart review has inherent limitations due to
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the inability to capture all information, and occasionally information is missing or poorly
documented in charts, which may limit the accuracy of our findings. Side effects are by
patient report which could lead to under-reporting if patients are lost to follow-up. Our
method of determining completion by pharmacy records did not include pill counts or other
methods of direct testing of adherence. Lastly, this was a convenience sample of patients
being treated for LTBI, and not randomly selected patients, which may not be representative
of the entire population.

Overall, we found that a lack of insurance is significantly associated with lower likelihood
of treatment completion despite free medicines and no-cost visits. We also found that
marital status and abstinence from tobacco and alcohol are more closely associated with
successfully completing treatment. We hope this informs practitioners about which patients
may have barriers to adherence and who may benefit from enhanced adherence efforts such
as enhanced outreach, incentive programs and home visits and those described in other
studies [21, 27, 29, 30].
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Table 1.

Study participant demographics and characteristics.

Non-completers (n=132) Completers(n=259) p-value
n % n %
Age in years (mean) 41.6 44.6 0.06
Gender
Female 53 40.2 122 47.1 0.19
Male 79 59.9 137 52.9
Treatment regimen
Isoniazid and rifapentine 13 9.9 74 28.6  <0.001
Rifampin alone 12 9.1 70 27.0
Isoniazid alone 107 81.1 115 44.4
Type of insurance *
Private 10 8.7 49 23.3  <0.001
Medicare/Medicaid/government-funded 30 26.1 45 21.4
Charity/no insurance 55 47.8 107 51.0
Other 20 174 9 4.3
Race
White 11 9.1 18 7.1 0.10
Black 39 32.2 55 21.6
Asian 46 38.0 115 451
Mexican/Other Hispanic 16 13.2 32 12.6
Pacific Islander 5 4.1 27 10.6
Other 4 3.3 8 3.1
Foreign-born 110 90.2 230 91.3 0.73
English-speaking 66 50.8 136 53.3 0.63
Marital status”
Married 48 60.8 115 73.7 0.04
Unmarried/separated 31 39.2 41 26.3
Homeless " 18 15.0 26 10.7 0.24
Experienced Side effects 37 28.0 94 36.3 0.10
Number of medical problems
0 47 35.6 130 50.2 0.01
1-2 42 318 7 29.7
3+ 43 32.6 52 20.1
Number of medications
0-1 45 34.1 93 359 0.86
2-3 49 37.1 89 344
3+ 38 28.8 7 29.7
Tobacco use 23 17.4 26 10.0 0.04
Alcohol use (>3 drinks, abuse, or dependence) 25 18.9 27 10.4 0.02
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Unless indicated, less than 5% of data was missing
*

16.8% missing data

740.0% missing data

7‘7‘7.1% missing data
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