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Abstract

Objectives: Tuberculosis preventive therapy for people living with HIV is effective, widely
recommended, and increasingly prescribed, but completion rates are less than ideal, and adherence
is not typically monitored. We sought to quantify adherence to isoniazid preventive therapy using a
urine metabolite assay.

Design: Two cross-sectional surveys
Setting: Rio de Janeiro, Brazil, 2008—-2009; and Northwest Province, South Africa, 2018-2019

Participants: 203 Brazilian and 93 South African patients attending HIV clinics with active
prescriptions for isoniazid preventive therapy

Main outcome measures: Self-reported isoniazid adherence, paired with semiquantitative
measurement of urine isoniazid metabolites.
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Results: By self-report, 90% of patients (95% confidence interval [CI] 86—-93%) reported having
taken a dose of isoniazid on the day of enrollment or the preceding day, and 91% (95% CI 87—
94%) reported missing an average of one dose or fewer per week. By urine testing, only 65%
(95% CI1 59-70%) of all patients, and 69% (95% CI 63-74%) of those who reported having taken
isoniazid on the current or preceding day, had detectable urine metabolites (expected in 95% of
patients at 24 hours). Longer time since starting preventive therapy was independently associated
with a negative urine test for isoniazid metabolites (adjusted prevalence ratio 1.11 per month of
isoniazid, 95% CI 1.05-1.18).

Conclusions: Adherence to isoniazid preventive therapy among patients with HIV in Brazil and
South Africa is inadequate, is overestimated by self-report, and declines with time on treatment.
Shorter regimens for TB preventive therapy may improve adherence and completion, but
adherence support for all patients may be necessary.
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Introduction

TB is the leading cause of death among people living with HIV, responsible for
approximately one third of HIV-related deaths in 2017 [1]. TB preventive therapy (TPT)
reduces TB incidence and all-cause mortality among ART recipients [2-4] and is widely
recommended for people with HIV in high- and moderate-TB-burden countries [5]. A large
expansion of TPT is among the principal goals established by the 2018 United Nations High
Level Meeting on tuberculosis [6].

While gaps are recognized in the cascade of care prior to initiating TPT, some countries now
report high levels of TPT coverage, including a reported 53% of people newly enrolled in
HIV care in South Africa in 2017 [7]. As many as 50% of those who initiate TPT do not
complete it, however [8]. Policymakers, recognizing that rising initiation rates are
insufficient in isolation, have proposed TPT completion as an additional monitoring and
evaluation indicator [9,10]. Low rates of completion have also been a motivation in
developing shorter TPT regimens, including twelve-week, once-weekly and four-week,
once-daily regimens of rifapentine and isoniazid [11,12].

Direct observation of TPT is infeasible, and TPT completion is most often assessed based on
prescriptions and patient-reported adherence. However, patients to whom TPT is prescribed
may over-estimate or inaccurately report their own adherence. Better estimates of patient
adherence to TPT could aid in appropriately measuring TPT completion, in understanding
needs for adherence education and support, and in estimating the full potential value of
shorter TPT regimens. To assess patient-reported adherence, we performed cross-sectional
evaluations of adherence using patient questionnaires and urine isoniazid metabolite testing
among adults with HIV receiving routine isoniazid preventive therapy after periods of local
TPT scale-up in Brazil and South Africa.
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We recruited HIV-seropositive adults currently prescribed isoniazid as TPT in two settings:
26 HIV clinics in Rio de Janeiro, Brazil, in the years 2008-2009, and 6 HIV clinics in South
Africa’s North West province in 2018-2019; these enrollment windows corresponded to
periods of preventive therapy scale-up in each setting, including training in preventive
therapy for clinic personnel [13].

Patients recruited for enrollment were randomly selected from among the eligible patients
attending each clinic for HIV care: from a register of all patient currently on IPT at each
Brazilian clinic, and from a list of patients with scheduled follow-up visits on arbitrarily-
selected recruitment days at the South African clinics (with age, HIV diagnosis, and lack of
documented TB diagnosis first verified from the medical record). Patients were eligible if
they were 18 years or older, had a current prescription for isoniazid as TPT, had not been
diagnosed with active TB since initiating isoniazid, and provided a urine specimen on the
day of enrollment. Recruitment was limited to patients with recently-diagnosed HIV (within
the past year) in South Africa but not in Brazil.

The selected patients were approached in person during their next routine HIV clinic visit in
Brazil, and in person or by phone call (with a request that they come to speak in person with
the research team) on the day of their visit in South Africa, without advance notice of
isoniazid adherence as the research topic. Once in-person contact was made and eligibility
confirmed, participants provided informed consent to be interviewed, provide a urine
sample, and have data extracted from their medical record.

Enrolled participants answered a brief questionnaire focused on recent isoniazid adherence.
Patients were asked to report their recent adherence, including the date of their most recent
dose. They were also asked to estimate how many of the last thirty doses they had missed
(Brazil) or how many doses they missed in a typical week (South Africa), and the reasons
for any missed doses. There were minor site differences in the variables included in the
questionnaire: patients were asked about smoking status in Brazil, and about alcohol use,
education, and employment status in South Africa. Age, sex, timing of HIV diagnosis, most
recent CD4 count, ART prescription, and time since isoniazid initiation were collected at
both sites. For South African patients, the times of the last isoniazid dose and of urine
collection were documented to allow calculation of hours since last dose, and in Brazil,
medical records were later reviewed for documentation of TPT completion.

The protocols were approved by the Johns Hopkins Medicine institutional review board and
the research ethics committees of the Rio de Janeiro City Health Secretariat and the
University of Witswatersrand.

Urine testing for isoniazid metabolites

Urine was provided by participants and tested on site by trained research staff immediately
after completion of the questionnaire. The Isoscreen (GFC Diagnostics) point-of-care test, a
colorimetric test based on the Arkansas method [14], was used according to manufacturer-
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recommended methods previously validated in Brazil [15]. In the presence of isoniazid
metabolites, this test causes urine to change color from yellow to green to indicate low levels
detected (termed “weakly positive” in this report) or to blue-black to indicate high levels
detected (“strongly positive™); urine remains yellow with no visible color change at five
minutes if no isoniazid metabolites are detected (“negative”). The sensitivity of any positive
result has been estimated as 95-99% at 24 hours and 85% (95% binomial confidence
interval 76-91%) at 48 hours after the last dose of 300mg of isoniazid [15,16]. The
sensitivity of a strongly positive result is estimated to be >99% at 12 hours [16], 68-82% at
24 hours [15,16], and 5% at 48 hours [16]. Results are negative 72 hours after the last dose
in 87% (78-92%) of patients [16].

In our primary analyses, any positive urine result was considered evidence of having taken
isoniazid on the day of testing or the preceding day. In a sensitivity analysis, we considered
only strongly positive urine results to be consistent with a same-day dose (but accepted any
positive result as evidence of a previous-day dose).

Statistical analysis

Poisson regression with robust standard errors (which can provide unbiased estimates of
prevalence ratios when log-binomial models fail to converge[17]) was used to analyze risk
factors for nonadherence. The primary analysis included all patients and considered
nonadherence as indicated by a negative urine result as the outcome of interest. Two
sensitivity analyses considered consistency between reported and measured recent
adherence. (1) We modeled the prevalence of a negative urine result among only those
patients who reported having taken an isoniazid dose on the day of testing or the preceding
day. (2) Because patients who had taken a dose of isoniazid on the day of urine testing were
expected to have a strongly-positive result (and those who reported a same-day dose but had
only a weakly positive result were likely over-stating their adherence), we modeled the
prevalence of over-stated adherence, as defined by either a negative result from a patient
who reported a dose on the preceding day, or a negative or weakly positive result from a
patient who reported taking a dose on the day of testing.

Missing data (age [n=1], time since HIV diagnosis [n=23], most recent CD4 count [n=26],
and time on isoniazid [n=1]) were estimated using multiple imputation with predictive mean
matching pooled across 20 imputed models.

Representations of continuous independent variables were chosen to balance robustness,
interpretability, and parsimony. Age was represented categorically due to its non-monotonic
relationship with the primary outcome; tertiles were used after verifying that other cutoffs or
natural cubic splines did not meaningfully change results. The time since HIV diagnosis and
the CD4 count each had skewed distributions and monotonic relationships with the primary
outcome within and across sites; these were represented in the final models as ordinal
variables corresponding to the quintiles of their distributions, after verifying that log-
transformed continuous variables or categorical variables with other cutoffs produced similar
results. Because time since isoniazid initiation had a more uniform distribution and a
monotonic relationship to outcome (Figure 1), it was modeled as a continuous variable for
maximal interpretability; we verified that log transformation or discretization as a
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categorical variable did not meaningfully affect results. We also considered patient-reported
adherence as a covariate. Patients were classified as reporting good adherence if they
reported generally missing no more than one dose per week (South Africa), five doses out of
the last 30 (Brazil), or one dose out of the past four days if data on the last thirty days were
missing (N=7, Brazil). Where we limited number of included covariates based on sample
size, we verified that alternative choices did not meaningfully affect results.

Covariates that were measured in only one country were not included in the primary model,
but their associations with negative urine test results were estimated within single-country
models with adjustment for sex, age, time on isoniazid, ART use, and reported adherence.

Significance was evaluated at alpha of 0.05, and regression coefficients are reported with
95% confidence intervals. Analyses were performed using R version 3.5.2 [18] and the
‘sandwich’ [19] and ‘mice’ [20] packages.

Patient characteristics

Two hundred ninety-six patients (203 from Brazil and 93 from South Africa) were included
in analyses. Ten additional eligible patients were excluded because they did not provide
consent (n=3; South Africa), were unable or unwilling to provide urine (n=6; 5 in Brazil and
1 in South Africa), or had newly started isoniazid on the day of enrollment (n=1; South
Africa).

Compared to patients enrolled in Brazil, South African patients were younger (median 42
years in Brazil, 34 in South Africa), more likely to be female (40% [81/203] female in
Brazil, 68% [63/93] in South Africa), diagnosed with HIV more recently (median 62 months
since diagnosis in Brazil versus 6 months in South Africa), more severely
immunocompromised (median CD4* T-cell count 573 per mm3 in Brazil, 165 per mm?3 in
South Africa), and more likely to be on ART (67% [135/203] in Brazil prior to guidelines
recommending universal ART, 100% in the more recent South African cohort) (Table 1).
Isoniazid preventive therapy was typically prescribed for 6 months in Brazil and for 12
months in South Africa at the time of evaluation; the median time from isoniazid initiation to
study enrollment was 3 months in Brazil and 4 months in South Africa (with 29% on
isoniazid for more than 6 months). In Brazil, 28% of enrolled patients (56/203) smoked
tobacco. South African participants were largely unemployed (54/92, 59%), had completed
at least some secondary education (92% [86/93], with 38% [35/93] having completed grade
12 or above), and reported moderate alcohol use (53% [49/93] reporting some alcohol use,
but 92% [45/49] of those averaging less than one drink per day).

Self-reported isoniazid adherence

Patient-reported isoniazid adherence was high in both populations. Although only 69% of
Brazilian patients (140/203) and 50% of South African patients (46/93) reported having
already taken isoniazid on the day of enrollment (with many others mentioning that they
followed an evening dosing schedule and had taken a dose the night before), 90% in each
setting (183/203 in Brazil, 84/93 in South Africa) reported taking a dose on the current or
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prior calendar day. In addition, 93% (182/196) of Brazilian patients and 86% (80/93) of
South African patients reported good adherence (missing no more than five doses in the past
30 days in Brazil, or an average of no more than one dose per week in South Africa).

Among patients who reported missed doses and provided a reason, the most common
reasons in both settings were forgetting (36/100 in Brazil, 10/24 in South Africa), scheduling
difficulties (13/100 in Brazil and 9/24 in South Africa), or being out of pills (21/100 in
Brazil and 5/24 in South Africa, including 2 instances in each country of medication
unavailability at a clinic).

In Brazil, where subsequent chart review was performed after the planned end of therapy,
79% of patients (160/203) had been documented by their clinic as completing TPT.

adherence assessment

Overall, the isoniazid metabolite urine assay was positive for any color change in 192 (65%)
patients (138/203 [68%] in Brazil, 54/93 [58%] in South Africa), including 165 (55%) with
strongly-positive results (Figure 2).

For the 93 patients with known hourly timing of urine collection and self-reported last dose
(documented only in South Africa), same-day doses were reported to have been taken a
median of 5 hours before urine collection (with 98% taken within 12 hours), and previous-
day doses were reported to have been taken a median of 18 hours before urine collection
(with 100% taken within 36 hours of urine collection) -- supporting our expectation of
positive urine testing results in adherent patients.

for negative urine testing result

In univariable unadjusted analysis, nonadherence as indicated by a negative urine result was
positively associated with a longer time on isoniazid (prevalence ratio [PR] 1.10, 95% ClI
1.06-1.15 per additional month) and negatively associated with time since HIV diagnosis
(PR=0.88, 95% CI 0.77-0.98 per quintile of time since diagnosis).

We constructed a multivariable model which included country, age, sex, time on isoniazid,
reported isoniazid adherence, time since HIV diagnosis, CD4 count, and the interaction of
CD4 cell count with time since HIV diagnosis (Table 2). In this model, nonadherence as
indicated by a negative urine result was significantly associated with longer time on
isoniazid (adjusted prevalence ratio [aPR]=1.11 per month, 95% CI 1.05-1.18). Near their
median values, CD4 cell count and time since HIV diagnosis were not associated with
adherence as measured by urine test, but a lower CD4 cell count was associated with lower
prevalence of nonadherence among recently-diagnosed HIV patients (aPR for negative urine
result = 1.42, 95% CI 0.87-2.33, per increase in CD4 count quintile within the most
recently-diagnosed HIV quintile [0-6 months]), while a lower CD4 count was significantly
associated with a higher prevalence of nonadherence among patients with more longstanding
HIV diagnoses (aPR for negative urine result =0.67, 95% CI 0.45-0.98 per increase in CD4
count quintile for patients in the upper quintile [>7.8 years] of time since HIV diagnosis).
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These effects were similar when analysis was limited to patients who reported an isoniazid
dose on the current or preceding day, and when the outcome considered was a urine result
unsupportive of self-reported adherence (Table 3).

Among additional variables that were collected in only one setting, neither smoking (aPR=
0.76, 95% CI 0.42-1.37) nor documented TPT completion (aPR=0.65, 95% CI 0.35-1.18)
was significantly associated with nonadherence as indicated by negative urine testing in
Brazil. In South Africa, employment, grade 12 completion, alcohol use, and isoniazid side
effects were not independently and significantly associated with nonadherence, but grade 12
completion was associated with less nonadherence (aPR=0.57, 95% CI 0.33-0.98), and an
association between alcohol use and more nonadherence (aPR=1.53, 95% CI 0.97-2.40) also
approached statistical significance.

Consistency between reported and measured adherence

Of the 90% of patients (267/296) who reported taking isoniazid on either the day of or the
day before urine testing, 184/267 (69%) had a positive urine result. Urine results were
strongly positive in 59% (158/267) of these patients overall, and in 69% (129/186) of the
63% of patients who reported a dose on the day of urine testing (Figure 2).

Thus, among the 267 patients who reported taking a dose on the current or preceding day,
urine results supported the self-reported timing of patients” most recent dose for 171 (64%)
patients. Among all 296 patients in the study, 96 (32%) were estimated to have taken their
last dose of isoniazid at an earlier time than was self-reported (53/203 [26%] in Brazil and
43/93 [46%] in South Africa).

As in the primary analysis, risk factors for over-reported recent isoniazid adherence
compared to urine testing evidence included longer time on isoniazid (aPR=1.12 per month,
95% CI 1.05-1.18) and, among patients with longstanding HIV diagnoses, lower CD4 count
(aPR=0.57 per increase in CD4 quintile, 95% CI 0.37-0.90, in the highest quintile of time
since HIV diagnosis) (Table 3).

Among patients who reported that their most recent dose was at least two days prior to
testing, urine tests remained positive in 2/20 (10%) Brazilian patients and 3/9 (67%) South
African patients.

Discussion

Although 90% of HIV-seropositive patients reported good adherence with rare missed
isoniazid doses in both Brazil and South Africa, one third of patients who were attending
HIV clinics and had active prescriptions for isoniazid had no detectable isoniazid
metabolites in their urine. Nonadherence as measured by urine testing increased with longer
time on isoniazid. Although nonadherence is difficult to measure and therefore often omitted
from cascades of care, these findings suggest that adherence to TB preventive therapy is a
substantial gap among people with HIV.

Negative biological measures of adherence among patients who reported good adherence are
consistent with other studies in TB and HIV prevention and emphasize the importance of
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broad programs to improve TPT adherence. Among injection drug users with latent
tuberculosis in the United States, over-reporting of adherence to isoniazid was reported by
more than one-third of participants in a study using both urine metabolite testing and
electronic bottle caps [21]. In studies of HIV pre-exposure prophylaxis (PrEP) in Africa,
over half who said they were adherent had undetectable plasma drug levels [22], and
reported adherence did not correlate with effect as would be expected [23]. In a study of
weekly self-administered isoniazid and rifapentine as TPT, some patients in South Africa
(but not at sites in the United States, Hong Kong, or Spain) claimed adherence when
electronic medication event monitoring pill-bottle caps reported their bottles had not been
opened. Because patients are unlikely to self-identify as not taking TPT consistently,
adherence support needs to be provided regardless of self-reported adherence, although
some risk factors (such as alcohol use, or under-response to long-term ART as assessed by
CD4 count) may help in identifying those at highest risk. In addition, given how frequently
our study participants reported missing doses due to lack of medication, attention should be
paid to ensuring that pharmacies are adequately stocked and that patients are supplied with
sufficient pills between visits and able to return for refills in a timely fashion.

We measured adherence at only a single time point, but our finding that nonadherence was
substantial and increased over time has important implications for the selection of TPT
regimens. Three-month and one-month regimens of isoniazid and rifapentine have
demonstrated efficacy similar to nine months of isoniazid in the context of clinical trials
where patient selection and close monitoring were likely to maximize patient adherence
[11,12], and shorter regimens have been observed to improve preventive therapy completion
in both clinical trial and health department settings [24,25]. If the poor adherence we
observed is more common in programmatic contexts and worsens over time, shorter
preventive regimens might lead to greater gains in effectiveness than seen in clinical trials.
Long-acting forms of TPT that do not require daily administration (for example, monthly
injections for patients receiving monthly HIV clinical care) could also be advantageous [26].

Our results also highlight questions about how to monitor the success of TPT roll-out. WHO
currently collects country-level data on the “coverage” of TPT among people newly
diagnosed with HIV, but actual initiation and successful completion are not assessed. In
South Africa, TPT initiation was recently reported to be 53% [7], but our data suggest that
completion of TPT may be substantially lower. There is also evidence that the number of
patients on TPT may be overestimated [27]. Adherence is difficult to measure, and
fortunately, historical data suggest that a partial or intermittent TPT course has some
preventive efficacy [28]. However, as TB programs worldwide pursue the recently-
established goal of providing TPT to 30 million people by 2022, it will be important to
consider assessing completion as opposed to mere initiation of TPT — perhaps by monitoring
prescription renewals or drug dispensation at the programmatic level, or performing
surveillance of adherence at the individual level by self-report, pill count [29], or a test such
as Isoscreen.

Potential limitations of our study include imperfect sensitivity of the Isoscreen urine assay.
We did find that, due to daytime study enrollment, most urine was collected within 12 hours
of reported same-day doses and within 24 hours of doses reportedly taken the previous day,
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leading to expected >95% sensitivity for the color-change criteria we used [15,16]. Still,
some patients were likely misclassified as nonadherent in our analysis based on false-
negative urine results, and we could have underestimated adherence by up to 5% (although
the assay’s false-positive rate of 2%[15] would counteract this to some extent). If we assume
95% sensitivity for our adherence-confirmation criteria, our estimates of nonadherence
change minimally, from 44% to 43% of patients. Another potential limitation of urine testing
is the uncertain effect of variable isoniazid acetylation on urine metabolite excretion;
however, the sensitivity of Isoscreen was not found to depend on ethnicity or NAT2
polymorphism in an earlier study [16].

There are also limitations to our study design. The patients included were a convenience
sample, because to be recruited, patients had to be attending regular HIV clinic visits and
had to be willing to speak with study staff. To the extent that IPT adherence is likely to be
associated with HIV treatment adherence and engagement, the potential selection bias
introduced by this recruitment strategy is likely to lead to under-estimation of nonadherence
in the overall IPT patient population. We also combined data from studies in two different
sites which were conducted at different times and measured some different variables. Our
definitions of self-reported general adherence differed slightly between sites, and some other
covariates were assessed only at one site and could be included only in secondary, single-
country analyses. However, the urine assay used, the primary measure of self-reported
adherence, and most covariates were consistent across both sites, and the consistency of our
primary findings across very different settings is an important strength of the study that
speaks to external validity not often evaluable in single-site studies. Another limitation is
that we made only a single, cross-sectional assessment of adherence. Longitudinal
assessment would provide a clearer picture of patients’ adherence over time, including the
extent to which the same patients were persistently nonadherent (which could allow them to
be targeted for additional support if identified) and what proportion of patients had sufficient
cumulative adherence to receive preventive benefits. Finally, because we were not able to
review pharmacy logs or patients’ prescription bottles, we are unable to assess whether other
more easily-observed data, such as refill records or pill counts [30], could have helped in
identifying patients with suboptimal adherence.

In summary, we observed urine metabolite evidence of >30% recent nonadherence to
isoniazid preventive therapy among patients with HIV in two high-burden countries. Among
patients who reported good adherence, adherence was overreported by nearly one-third.
Nonadherence increased with increasing time on TPT even among patients who maintained
active prescriptions and reported continued adherence, highlighting a potential under-
recognized benefit of shorter preventive therapy regimens. Promotion and support of
adherence have an important role in achieving the expected benefits of ongoing global scale-
up of TPT for high-risk individuals including people with HIV.
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Figure 1: Relationship between time since isoniazid initiation and percent of patients with

undetectable urine isoniazid metabolites.
Error bars indicate a 95% bootstrapped confidence interval.
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Patient characteristics

Table 1:

Brazil (N=203) | South Africa (N=93)
Age in years (Median, IQR) 42 (35-49) 34 (28 - 45)
Female (N, %) 81 (39.9%) 63 (67.7%)
Months since HIV diagnosis (Median, IQR) 62 (27 - 103) 6 (3-10)
On ART (N, %) 135 (66.5%) 93 (100%)
Months on ART (Median, IQR) 48 (24 -179) 5(3-9)
Last known CD4 (Median, IQR) 573 (423 -737) 165 (99 — 389)
Time on isoniazid: 0-3 months (N, %) 136 (67.3%) 42 (45.2%)
Time on isoniazid: 4-6 months (N, %) 65 (32.2%) 24 (25.8%)
Time on isoniazid: >6 months (N, %) 1(0.5%) 27 (29%)
Smoke tobacco (N, %) 56 (27.6%) Not measured
Use alcohol (N, %) Not measured 49 (52.7%)
Education >= 12th grade (N, %) Not measured 35 (37.6%)
Unemployed (N, %) Not measured 54 (58.1%)
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Table 2:

Risk factors for nonadherence as indicated by a negative urine isoniazid result (primary analysis, all 296
patients, 104 events)

Independent variable PR, unadjusted aPR
Country (South Africa) 1.3(1.0,1.8) 0.7 (0.3,1.3)
Female sex 1.0(0.8,1.3) 0.9(0.7,1.2)
Age: <34 1.3(0.9,1.9) 1.0(0.7,1.5)
34-45 Reference Reference
>45 1.3(0.9, 1.8) 1.4 (1.0, 2.0)
Months of isoniazid received (per month) 1.1(1.1,1.2) 11(1.1,1.2)
Time since HIV diagnosis (per quintile) 0.9 (0.8, 1.0) 0.8 (0.7, 1.0) 1
CD4 count (per quintile) 0.9(0.8,1.0) 10(0.9,12) 1
Interaction of (time since HIV diagnosis) and (CD4 count) 1 0.9(0.7,1.0)
On ART 1.2(0.8,1.7) 1.5(0.9, 2.5)
Reports good general isoniazid adherence 0.5(0.3,0.6) 0.5(0.4,0.7)

Bold indicates statistical significance at P<0.05

PR = prevalence ratio, aPR = adjusted prevalence ratio (adjusted for the other variables listed)

JMuItivariabIe models with interaction term included measure the effect of CD4 count at the middle quintile of time since HIV diagnosis (1-4
years), and measure the effect of time since HIV diagnosis at the middle quintile of CD4 count (400-550 cells/mm3).
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Table 3:

Sensitivity analyses: consistency between reported and measured recent adherence

Page 16

Outcome: Negative urine result, among patients
reporting a recent dose (267 patients, 83 events)

Outcome: Reported last dose not supported by
urine result, among all patients (296 patients, 96

isoniazid adherence

events)

Independent variable PR, unadjusted aPR PR, unadjusted aPR
Country (South Africa) 1.7(1.2,2.4) 0.8(0.3,1.7) 1.8(1.3,24) 0.9(0.4,1.8)
Female sex 1.2(0.9, 1.6) 0.9(0.7,1.49) 1.3(1.0,1.7) 1.0(0.7,1.4)
Age: <34 1.2 (0.8, 1.9) 1.0 (0.6, 1.6) 1.1(0.7,1.7) 0.9(0.6,1.4)

34-45 Reference Reference Reference Reference

>45 1.3(0.8,1.9) 1.3(0.8, 2.0) 1.2(0.8,1.8) 1.2(0.9, 1.8)
Months of isoniazid 11(1.1,1.2) 11(1.1,1.2) 11(11,1.2) 11(1.1,1.2)
received (per month)
Time since HIV diagnosis 0.8(0.7,1.0) 1 0.8 (0.7,0.9) 1
(per quintile) 0.8(0.7,1.1) 0.8(0.7,1.1)
CD4 count (per quintile) 0.8 (0.7, 1.0) 10(0.8,1.2) 1 0.8 (0.7, 0.9) 10 (0.8, 1.1) 1
Interaction of (time since 0.8(0.7,1.0) 0.8 (0.7,0.9)
HIV diagnosis) and (CD4

1
count)
On ART 1.3(0.8, 2.0) 1.5(0.8, 2.6) 1.2(0.8,1.8) 1.3(0.7,2.3)
Reports good general 0.5(0.3,0.9) 0.6 (0.4,1.1) 1.3(0.7,2.5) 1.5(0.8,2.9)

Bold indicates statistical significance at P<0.05

PR = prevalence ratio, aPR = adjusted prevalence ratio (adjusted for the other variables listed)

Multivariable models with interaction term included measure the effect of CD4 count at the middle quintile of time since HIV diagnosis (1-4

years), and measure the effect of time since HIV diagnosis at the middle quintile of CD4 count (400-550 cells/mm3).
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