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ABSTRACT Loss to follow-up (LFU) of ⩾2 consecutive months contributes to the poor levels of
treatment success in multidrug-resistant tuberculosis (MDR-TB) reported by TB programmes. We
explored the timing of when LFU occurs by month of MDR-TB treatment and identified patient-level risk
factors associated with LFU.

We analysed a dataset of individual MDR-TB patient data (4099 patients from 22 countries). We used
Kaplan–Meier survival curves to plot time to LFU and a Cox proportional hazards model to explore the
association of potential risk factors with LFU.

Around one-sixth (n=702) of patients were recorded as LFU. Median (interquartile range) time to LFU
was 7 (3–11) months. The majority of LFU occurred in the initial phase of treatment (75% in the first
11 months). Major risk factors associated with LFU were: age 36–50 years (HR 1.3, 95% CI 1.0–1.6;
p=0.04) compared with age 0–25 years, being HIV positive (HR 1.8, 95% CI 1.2–2.7; p<0.01) compared
with HIV negative, on an individualised treatment regimen (HR 0.7, 95% CI 0.6–1.0; p=0.03) compared
with a standardised regimen and a recorded serious adverse event (HR 0.5, 95% CI 0.4–0.6; p<0.01)
compared with no serious adverse event.

Both patient- and regimen-related factors were associated with LFU, which may guide interventions to
improve treatment adherence, particularly in the first 11 months.
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Introduction
Multidrug-resistant tuberculosis (MDR-TB) is a growing challenge to TB treatment programmes globally.
Treatment completion rates remain low at 50%. A substantial proportion of MDR-TB patients are
considered “loss to follow-up” (LFU; previously termed “treatment default”) [1–4], defined as those
“whose treatment was interrupted for 2 consecutive months or more” [4]. Global estimates of LFU are
only available for the past decade, showing only modest reductions over time. The latest estimate is 15% of
those starting treatment being lost and a further 7% with no outcome information recorded, many of
whom in reality are likely to be LFU [5]. Patients who do not complete pulmonary MDR-TB treatment
pose a public health risk of ongoing transmission of resistant, infectious disease and have a high likelihood
of death.

Current evidence from recent MDR-TB treatment cohorts identifies that LFU is associated with being
male [6], substance misuse [6–11], resistance to a high number of anti-TB drugs [6, 12, 13], absence of
early culture conversion [6, 11, 13, 14], poor patient–provider relationships [8, 10], greater disease severity
[7], HIV co-infection [15] and occurrence of drug side-effects [10, 13]. However, there is a lack of
conclusive evidence globally on the timing of when LFU occurs during treatment.

Several recent studies suggest that the majority of LFU may take place in the early stages of MDR-TB
treatment. The percentage of total LFU that occurred in the intensive phase (first 6–8 months) of
MDR-TB treatment was 78% in the Philippines (71 out of 91 LFU patients) [10], 71% in Armenia (69 out
of 97 LFU patients) [13], 73% in Pakistan (24 out of 33 LFU patients) [16] and 41% in Georgia (187 out
of 458 LFU patients) [11]. The total LFU occurring by 6 months was 87% in India (133 out of 153 LFU
patients) [14]. In Uzbekistan, median time to LFU was 6 months (n=710, LFU=142) [12].

To optimise the management of MDR-TB patients and limit the numbers who become LFU, national TB
treatment programmes would benefit from knowing programmatic and individual characteristics
associated with LFU and when it is likely to occur. Interventions targeted at individuals with these risk
factors at these time-points could reduce rates of LFU and ultimately assist in controlling the epidemic.
Analysis to specify the time of LFU more accurately would optimise the timing of such interventions.
Given the dearth of knowledge on this topic, here we are able to use the largest ever multicountry,
individual MDR-TB dataset to identify the timing of LFU in the treatment of pulmonary MDR-TB, and to
identify programmatic and patient-level risk factors associated with LFU [1–3].

Methods
The dataset of the Collaborative Group for Meta-Analysis of Individual Patient Data in MDR-TB was used
for this analysis [1]. This dataset includes individual-level treatment data from 9562 pulmonary MDR-TB
patients from TB clinics or programmes from 23 countries, reported in 32 previously published studies. It
was originally developed to ascertain optimum treatment regimens by using patient-level data. An
aggregated dataset for meta-analysis was created from data using variables related to this purpose from
study authors of these published cohort studies. Although the data are now >10 years old, they retain their
relevance today as unacceptably high rates of LFU persist. Although some aspects of MDR-TB treatment
have developed over the past 10 years, there are enough fundamental similarities that enable this large
dataset to provide valuable findings from the recent past to inform current treatment provision.

Patients had to have received at least 1 month of treatment in order to be included in the original
individual patient data dataset. The patient characteristics and definitions of the variables within the
dataset have been described elsewhere [1]. Cohorts in the original study were not included if the lead
investigator did not give permission to include their data or if they only reported planned duration rather
than actual treatment duration at the individual level.

For our analysis, patients were included if they were alive at the point of LFU. Patients were defined as
LFU if their outcome was recorded as “defaulted”, “transferred out (with unknown outcome)” or
“unknown” in the dataset, based on the outcome definitions available at the time data were collected [17].
Time of LFU for each patient was identified by their recorded duration of treatment (in months). The
treatment cohorts included in this analysis used a variety of drug regimens and treatment lengths; most
were 20–24 months. Those with a duration of treatment >24 months were truncated at 24 months. Records
were excluded if there were no data on duration of treatment (missing data). We also excluded patient
records whose outcome was death. It is possible that a good number of these patients may have chosen to
stop MDR-TB treatment before death. We were concerned that retaining patients who died would
introduce more bias than if we removed them and so we decided to exclude all patients who died.

We identified the independent variables that were available from the dataset to include in the analysis,
informed from previous studies where significant associations with LFU had been identified (see
Introduction) [6–13]. Variables included in the analysis were: age, sex, HIV co-infection status, extensive
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TB disease (defined as acid-fast bacilli (AFB) smear positive or cavities on chest radiography if no
information about AFB smear was available), type of regimen (standardised versus individualised),
previous TB therapy (defined as previous treatment with first-line drugs or with second-line TB drugs for
⩾1 month), recorded drug resistance to pyrazinamide, ethambutol and streptomycin (in addition to
isoniazid and rifampicin), recorded serious adverse events (that required a change in therapy) and AFB
smear status. We were also interested in variations by national income, and so we distinguished study
cohorts from high-income and middle-income countries within the analysis (according to World Bank
classifications) [18]. There were no cohorts from low-income countries.

The proportions of all LFU patients are reported. As the data were negatively skewed we used quantile
regression analysis to compare median time to LFU for subgroups (per independent variable). We then
employed Kaplan–Meier methods to plot survival curves and estimate the unadjusted time to LFU across
the treatment period. To explore this distribution further, we undertook sensitivity analysis by plotting
timing of LFU by middle-income and high-income countries. Lastly, a Cox proportional hazards model
was created to assess the effects of potential risk factors on LFU. First, unadjusted and then adjusted
hazard ratios were calculated (including all variables within the Cox model) with 95% confidence intervals
and the associated (two-sided) p-values. We checked the assumptions of the proportional hazards model
using the empirical score process that compares observed with simulated processes to detect violations.
Patient-level data were considered to be clustered within study cohorts and so the model used a random
effects, multilevel analysis to account for this. SAS version 9.4 (SAS Institute, Cary, NC, USA) was used to
undertake the statistical analysis.

The original ethics approval for the analysis of anonymised data for the Collaborative Group for
Meta-Analysis of Individual Patient Data also covered this secondary analysis and therefore no separate
ethics review was needed [1].

Results
Data originated from 29 studies in 22 countries: nine studies were from Asia (four of which were from
South Korea), eight from North America, four from Europe, two from South America, four from former
Soviet states, one from South Africa, and one from Iran (see supplementary material). The exclusions from
the full dataset (n=9562) were one treatment cohort from Bangladesh without permission to include
(n=607), two treatment cohorts from South Africa and Italy that reported planned rather than actual
duration of treatment (n=2204 and n=95, respectively), and records with no follow-up time recorded
(n=1742). Of the included cohorts, patients with an outcome of death (n=815) were then excluded. Our
dataset therefore included 4099 patients, of which 702 (17.1%) were recorded as LFU. The characteristics
of the patients in our dataset are described in table 1.

Timing of LFU
After 6 months of treatment, 48% (n=336) of those who were recorded as LFU had been lost (figure 1). At
the end of the intensive stage of treatment at 8 months, 64% (n=448) had been lost. By the 12-month
stage, 81% (n=567) had been lost and by 18 months it was 95% (n=669).

For all patients recorded as LFU, the median (interquartile range (IQR)) time to LFU was 7 (3–11) months.
The median time to LFU was broadly similar when analysed by subgroups (table 1).

The rate of LFU occurrence was higher in the initial stage of treatment (first 6–8 months) than the
continuation stage and flattened off considerably after 18 months of treatment (figures 1 and 2). Our
analysis of LFU by country national income indicated very similar probability of LFU throughout
treatment (figure 3).

Risk factors associated with LFU
After graphical and statistical checks, we were satisfied the assumptions of our Cox proportional hazards
model held. After adjusting for all other variables in this model, several risk factors were significantly
associated with LFU (table 1 and figure 4). Those aged 36–50 years had 27% higher incidence of LFU
(HR 1.3, 95% CI 1.0–1.6; p=0.04) compared with those aged 0–25 years. Those with HIV had 82% higher
incidence of LFU (HR 1.8, 95% CI 1.2–2.7; p<0.01) compared with HIV-negative patients. Those receiving
an individualised treatment regimen had 26% lower incidence of LFU (HR 0.7, 95% CI 0.6–1.0; p=0.03)
compared with a standardised regimen. Those who had a recorded serious adverse event during treatment
had a 51% lower incidence of LFU (HR 0.5, 95% CI 0.4–0.6; p<0.01) compared with no serious adverse
event.
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TABLE 1 Characteristics of multidrug-resistant tuberculosis (TB) patients and risk factors associated with time to loss to follow-up (LFU)

Variable Patient characteristics Quantile regression
analysis: median (IQR)
time to LFU months

Cox proportional hazards analysis

Category Patients in group n
(% of total patients)

Recorded as LFU
n (% of total LFU)

LFU in each
category %

Unadjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value

Total All patients 4099 702 17.1 7 (3–11)
Sex Female 1249 (30.5) 181 (25.8) 14.5 7 (4–11) Reference Reference

Male 2850 (69.5) 521 (74.2) 18.3 7 (3–11) 1.3 (1.1–1.6) <0.01 1.2 (1.0–1.4) 0.06
Age 0–25 years 735 (17.9) 104 (14.8) 14.1 7 (4–13) Reference Reference

26–35 years 1148 (28.0) 178 (25.4) 15.5 7 (3–12) 1.2 (0.9–1.5) 0.22 1.1 (0.8–1.4) 0.62
36–50 years 1377 (33.6) 269 (38.3) 19.5 7 (4–11) 1.5 (1.2–1.9) <0.01 1.3 (1.0–1.6) 0.04
51–99 years 839 (20.5) 151 (21.5) 18.0 6 (3–11) 1.4 (1.1–1.8) 0.01 1.3 (1.0–1.6) 0.08

National income category High income 2184 (53.3) 374 (53.3) 17.1 7 (4–12) Reference Reference
Middle income 1915 (46.7) 328 (46.7) 17.1 6 (2–11) 1.1 (0.9–1.2) 0.37 0.9 (0.7–1.2) 0.48

HIV status Negative 3644 (88.9) 599 (85.3) 16.4 7 (4–11) Reference Reference
Positive 111 (2.7) 32 (4.6) 28.8 8 (4–15) 1.8 (1.3–2.5) <0.01 1.8 (1.2–2.7) <0.01
Unknown 344 (8.4) 71 (10.1) 20.6 7 (3–11) 1.3 (1.0–1.6) 0.05 1.6 (1.2–2.0) <0.01

Extensive TB disease No 1022 (24.9) 161 (22.9) 15.8 6 (3–11) Reference Reference
Yes 3019 (73.7) 535 (76.2) 17.7 7 (4–11) 1.1 (1.0–1.4) 0.16 1.0 (0.7–1.5) 0.99

Unknown 58 (1.4) 6 (0.9) 10.3 9 (1–17) 0.6 (0.3–1.4) 0.26 0.9 (0.4–2.1) 0.74
TB treatment regimen Standardised 377 (9.2) 98 (14.0) 26.0 7 (3–11) Reference Reference

Individualised 3722 (90.8) 604 (86.0) 16.2 8 (6–12) 0.5 (0.4–0.6) <0.01 0.7 (0.6–1.0) 0.03
Previous TB drug treatment None 965 (23.5) 168 (23.9) 17.4 7 (4–12) Reference Reference

First line 2073 (50.6) 356 (50.7) 17.2 7 (3–10) 0.8 (0.7–1.1) 0.96 0.8 (0.7–1.0) 0.08
Second line 653 (15.9) 106 (15.1) 16.2 7 (3–13) 1.0 (0.8–1.6) 0.15 0.9 (0.7–1.2) 0.53
Unknown 378 (9.2) 72 (10.3) 19.0 7 (4–14) 1.2 (0.9–1.6) 0.17 0.8 (0.6–1.2) 0.50

Resistance to pyrazinamide Susceptible 1135 (27.7) 174 (24.8) 15.3 8 (5–12) Reference Reference
Resistant 1561 (38.1) 235 (33.5) 15.1 7 (5–12) 0.98 (0.8–1.2) 0.82 1.1 (0.9–1.3) 0.59
Unknown 1403 (34.2) 293 (41.7) 20.9 6 (2–10) 1.7 (1.4–2.0) <0.01 2.4 (1.9–3.0) <0.01

Resistance to ethambutol Susceptible 1386 (33.8) 258 (36.8) 18.6 6 (3–10) Reference Reference
Resistant 2241 (54.7) 362 (51.6) 16.2 7 (4–12) 0.8 (0.7–1.0) 0.01 0.9 (0.8–1.1) 0.51
Unknown 472 (11.5) 82 (11.7) 17.4 8 (6–15) 0.8 (0.6–1.1) 0.11 1.1 (0.8–1.6) 0.51

Resistance to streptomycin Susceptible 967 (23.6) 195 (27.8) 20.2 7 (4–12) Reference Reference
Resistant 2831 (69.1) 481 (68.5) 17.0 7 (3–11) 0.9 (0.8–1.1) 0.18 0.9 (0.8–1.1) 0.37
Unknown 301 (7.3) 26 (3.7) 8.6 13 (6–16) 0.4 (0.3–0.6) <0.01 0.2 (0.1–0.4) <0.01

Serious adverse event No 814 (19.9) 210 (29.9) 25.8 6 (1–10) Reference Reference
Yes 960 (23.4) 134 (19.1) 14.0 8 (5–11) 0.5 (0.4–0.6) <0.01 0.5 (0.4–0.6) <0.01

Unknown 2325 (56.7) 358 (51.0) 15.4 7 (4–12) 0.5 (0.4–0.6) <0.01 0.5 (0.4–0.7) <0.01
AFB smear Negative 732 (17.9) 124 (17.7) 16.9 6 (3–13) Reference Reference

Positive 2412 (58.8) 457 (65.1) 18.9 7 (3–12) 1.1 (0.9–1.4) 0.17 1.0 (0.7–1.7) 0.84
Unknown 955 (23.3) 121 (17.2) 12.7 7 (4–10) 0.71 (0.5–0.9) <0.01 0.9 (0.6–1.3) 0.54

IQR: interquartile range; AFB: acid-fast bacilli.
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Discussion
Incomplete treatment of MDR-TB is an important driver of continued transmission and avoidable TB
morbidity and mortality worldwide. Using the largest dataset of individual MDR-TB patients currently
available, our study is the most comprehensive assessment to date of the timing and risk factors for LFU.
The overall frequency of 17.1% is slightly lower than reported in the full dataset (23%) [1] and much
lower when deaths are excluded from global TB monitoring at the time (28.6%) [5, 19]. This substantial
difference is likely to be due to the countries included in our study. Of note, large numbers of MDR-TB
patients in India, China, Kazakhstan and one cohort from South Africa are not included, and this may
limit the generalisability of our findings The median (IQR) time to LFU was 7 (3–11) months. Subgroups
with a higher risk of LFU were those aged 36–50 years (versus 0–25 years), those HIV positive (versus HIV
negative), those receiving a standardised treatment regimen (versus an individualised regimen) and those
with no reported serious adverse event (versus reported serious adverse event). The majority of LFU
occurred in the initial stage of treatment, with 75% of all LFU occurring in the first 11 months of
treatment.

Our results demonstrate that individualised treatment regimens may prevent patients from becoming LFU,
although it should be noted that the definition of standardised regimens has changed over recent decades
and so this may not be a consistent comparison across cohorts. An individualised approach is challenging
to scale-up in many settings as it depends on robust drug sensitivity testing and the clinical skills to alter
regimens accordingly. From a programmatic perspective, the policy decision about which model of
treatment to pursue should consider LFU as a key factor. This may also have relevance for the scale-up of
standardised 9–11-month regimens that the World Health Organization now promotes [20].

FIGURE 1 Cumulative percentage of
loss to follow-up (LFU) for all
multidrug-resistant tuberculosis
(MDR-TB) patients and for LFU
patients only by month of
treatment. Note that the two sets of
data points show the timing of LFU
among all MDR-TB patients
(n=4099) and for those that were
recorded as LFU (n=702).
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FIGURE 2 Time to loss to follow-up
(LFU) after starting multidrug-
resistant tuberculosis (MDR-TB)
treatment for all patients, using
Kaplan–Meier analysis.
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The timing of LFU in our study (comprising treatment prior to 2008) provides findings from the recent
past that are broadly similar to studies reporting more recent treatment cohorts (published during
2006–2015) [7–16], where the majority of LFU tended also to be in the initial intensive phase of treatment
(see Introduction). Further research, similar to our study, on aggregated datasets from more recent cohorts
(and particularly cohorts using the new 9–11-month regimens) would help to identify if this pattern of the
majority of LFU occurring in the early stages of treatment has continued. As research in this area grows,
our findings form an important historical context.

Our analysis shows that having a co-infection of HIV is a risk factor for LFU. Historically, poor access to
antiretroviral treatment and the lack of coordination between HIV and TB treatment programmes have
been highlighted as factors that lead to worse outcomes for those co-infected [21]. Treatment approaches
in HIV and TB differ significantly, which can lead to confusion for patients seeking to navigate these
divergent systems of care [22]. In some cases this leads to preferential adherence of HIV treatment over
MDR-TB treatment due to increased tolerability and commitment to HIV treatment and a reduced pill
burden [23]. This can create further barriers to effective coordination of treatment with patients
comorbidly infected with HIV and MDR-TB.

Better treatment outcomes in children compared with adults have been reported in co-infected HIV
populations [24] and non-HIV populations [25]. Our analysis identified an increased risk of LFU in those

FIGURE 3 Time to loss to follow-up
(LFU) after starting multidrug-
resistant tuberculosis (MDR-TB)
treatment by national income
category, using Kaplan–Meier
analysis.
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FIGURE 4 Adjusted hazard ratios of risk factors associated with loss to follow-up among multidrug-resistant
tuberculosis (MDR-TB) patients (n=4099). AFB: acid-fast bacilli.
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aged 36–50 years (versus 0–25 years). This could be explained by increased family support offered to
younger family members with MDR-TB. Furthermore, the competing demands of employment and
dependents for individuals in the working-age groups could also be influential in their greater risk of LFU,
although an increase in LFU was not seen on those aged 26–35 years [24].

The finding that patients with a reported serious adverse event had an decreased risk of LFU appears
counter-intuitive, as one might predict that these experiences increase the likelihood that patients will stop
tolerating treatment and disengage. Indeed, previous studies identified that serious adverse events
increased the risk of LFU [10, 13]. However, a plausible counter-argument exists that those with a
recorded serious adverse event are those who are taking medication, and therefore are more likely to
experience a serious adverse event due to their greater adherence and have it recorded due to their
engagement with services. This strong engagement with services may reduce their likelihood of becoming
LFU. The differing findings of previous studies and our findings here could also be explained by differing
recording practices of adverse events.

For several variables in our Cox proportional hazards model (HIV status, additional resistance to
pyrazinamide, additional resistance to streptomycin and presence of serious adverse event), the “unknown”
category was significantly associated with being LFU. Weaker TB treatment programmes may be the
confounding factor, where poorer recording practices and limited efforts at following up patients are both
associated with weaker programmes.

The study has several limitations. The large number (55%) of excluded patient records may have
introduced bias in our findings. Excluding data with an outcome of death could lead to an overestimation
as those that died are not counted in the denominator. Missing data could lead to a potential
underestimation of LFU where these missing records may be due to LFU but not recorded as such.
Excluding data of those not receiving even the first month of treatment leads to an underestimation of
LFU as they are not counted in those identified as LFU. This could also have led to an artefactual
prolongation of LFU as patients who would have been early interrupters were selectively removed from the
cohorts. The direction of bias from the excluded cohorts is unclear, although the overall rate of LFU is
lower than in the main dataset, indicating our overall rate may be an underestimate. The data quality was
variable, although attempts have been made to ensure the dataset is as complete as possible. It is possible
there are artefactual influences on our dataset that we cannot identify. In addition, we did not have data
available for some patient variables that we were interested in, such as comorbid substance misuse or
treatment interruptions of <2 consecutive months [26]. The cohorts also do not contain valid measures of
the practice of directly observed treatment, which is closely associated with treatment outcomes among
MDR-TB patients [27]. Furthermore, there are likely to be other types of programme-related or
treatment-related risk factors associated with LFU that we did not have data for, such as the efforts of
programmes to engage with patients with interrupted treatments.

Given the high proportion of excluded data, caution is needed when generalising from our findings. In
addition, the cohorts we included all pre-date 2008 so these findings may not generalise to current
programme management of MDR-TB, particularly for patients treated with the recent standardised
9–11-month regimen [20]. This shorter regimen has the potential to reduce LFU, although since 75% of
LFU in our dataset occurred by 11 months, LFU may only reduce by a quarter if the timing of LFU is
similar to that in our dataset.

Although some treatment cohorts in this dataset were from resource-constrained contexts, none were from
low-income countries. Our findings may not therefore generalise to these settings. We have identified risk
factors that are associated with LFU; further work needs to be done to explore the mechanisms that drive
stubbornly high rates of LFU in all MDR-TB programmes, including in low-income settings. For instance,
the presence of comorbid depression may reduce adherence in MDR-TB as it does in other health
conditions [28, 29].

One potential use of the findings of our study for treatment programmes is the development of an
evidence-based risk assessment tool for identifying patients at increased risk of LFU. Findings from our
study and other aggregated or local studies could inform the development of such a tool. The
consideration of certain patient-related and programmatic risk factors (such as those identified in this
study) could assist in the identification of patients at high risk of becoming LFU during treatment and
prompt proactive interventions to prevent this from occurring.

Conclusions
The call within the global End TB Strategy of patient-centred care should be pursued to address the
ongoing issue of LFU. Our findings suggest that MDR-TB treatment programmes could offer targeted,
enhanced support to prevent LFU in those of working age and patients with HIV co-infection. Further

https://doi.org/10.1183/13993003.00353-2018 7

TUBERCULOSIS | I.F. WALKER ET AL.



research examining the timing of LFU in more recent treatment cohorts would add to our knowledge of
this important aspect of MDR-TB treatment.
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