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Abstract 

Loss-to-follow-up (LFU) of two or more 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 (4,099 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. 

One-sixth (n=702) of patients were recorded as LFU. Median time to LFU was 7 

months (IQR=3-11). 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 (Hazard Ratio (HR) 1.3; 95% CI 1.0, 1.6, p=0.04) compared with age 0-25yrs, 

being HIV+ (HR 1.8; 95% CI 1.2, 2.7, p<0.01) compared with HIV-, on an 

individualised treatment regimen (HR 0.7; 95% CI 0.6, 1.0, p=0.03) compared with 

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.  



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 lost to follow up (LFU - previously termed 

“treatment default”)[1-4] – defined as MDR-TB patients “whose treatment was 

interrupted for two 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.[4,5] 

Patients who do not complete pulmonary MDR-TB treatment pose a public health 

risk of ongoing transmission of resistant, infectious disease as well as a high 

likelihood of death for the patient. 

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] the absence of early culture conversion,[6, 11, 13, 14] 

poor patient-provider relationships,[8, 10] greater disease severity,[7] HIV co-

infection[15] and the occurrence of drug side effects.[10, 13] However, there is a lack 

of conclusive evidence globally of 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 six 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 multi-country, 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 (IPD) was used for this analysis. This data set includes individual-level 

treatment data from 9,562 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 data set 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 over 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 data set to provide valuable findings from the recent 

past to inform current treatment provision.  

Patients had to have received at least one month’s treatment in order to be included 

in the original IPD 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 

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 

longer than 24 months were truncated at 24 months. Records were excluded if there 

was 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 TB disease (defined as 

Acid Fast Bacillus (AFB) smear positive, or cavities on chest radiography if no 

information about AFB-smear was available), type of regimen (standardised v 

individualised), previous TB therapy (defined as previous treatment with first-line, or 

second-line TB drugs for 1 month or more), 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 proportion of all patients who were LFU 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. Firstly, 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 which 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, multi-level analysis to account for this. SAS software (SAS Institute Inc. 

version 9.4) 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[1] covered also this secondary analysis and 

therefore no separate ethics review was needed. 

 

 

 

Results 

Data originated from 29 studies in 22 countries: nine studies were from Asia (four of 

which were from South Korea), six from North America, four from Europe, four from 

Central and South America, four from former Soviet states, one from South Africa 

and one from Iran (see supplementary file). The exclusions from the full dataset 

(n=9,562) were one treatment cohort from Bangladesh without permission to include 

(n=607), two treatment cohorts from South Africa and Italy which reported planned 

rather than actual duration of treatment (n=2,204 and n=95, respetively) and records 

with no follow-up time recorded (n=1,742). Of the included cohorts, patients with an 

outcome of death (n=815) were then excluded. Our dataset therefore included 4,099 

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 six months of treatment 48% (n=336) of those who were recorded as LFU had 

been lost (Fig. 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 time to LFU was 7 months (inter-

quartile range (IQR) 3-11 months). The median time to LFU was broadly similar 

when analysed by sub-groups (Table 1). 

 



The rate of LFU occurrence is higher in the initial stage of treatment (first 6-8 

months) than the continuation stage and flattens off considerably after 18 months of 

treatment (Fig. 1 and 2). Our analysis of LFU by country national income indicated 

very similar probability of LFU throughout treatment (Fig. 3). 

 

  

 

Risk factors associated with loss-to-follow-up 

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 old had 27% higher incidence of LFU (HR 1.3; 95% CI 1.0, 

1.6, p=0.04) compared to those aged 0-25 years old. Those with HIV had 82% 

higher incidence of LFU (HR 1.8; 95% CI 1.2, 2.7, p<0.01) compared to 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 (SAE) during treatment 

had a 51% lower incidence of LFU (HR 0.5; 95% CI 0.4, 0.6, p<0.01) compared with 

no SAE. 

 

 

 

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 data set (23%)[1] and much lower 

when deaths are excluded from global TB monitoring at the time (28.6%).[5]. 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 time to LFU was 7 months (IQR 3-11 months). Sub-groups with 

a higher risk of LFU were 36-50 year olds (vs 0-25 years), those with HIV+ status (vs 

HIV-), those receiving a standardised treatment regimen (vs individualised regimen) 

and those with no reported serious adverse events (vs reported SAE). 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 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 

WHO now promotes.[19]  

The timing of LFU in our study (comprising treatment prior to 2008) provides findings 

from the recent past which are broadly similar to studies reporting more recent 

treatment cohorts (published 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 data sets, 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 anti-retroviral treatment and the lack of co-ordination 

between HIV and TB treatment programmes have been highlighted as factors which 

lead to worse outcomes for those co-infected.[20] Treatment approaches in HIV and 

TB differ significantly which can lead to confusion for patients seeking to navigate 

these divergent systems of care .[21]  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. [22] This can create further 



barriers to effective co-ordination of treatment with patients co-morbidly infected with 

HIV and MDR-TB.  

Better treatment outcomes in children compared with adults have been reported in 

co-infected HIV populations[23] and non-HIV populations[24]. Our analysis identified 

an increased risk of LFU in those aged 36-50 (vs aged 0-25). 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 the 26-35 age group.[23] 

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 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 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 the presence 

of serious adverse events), 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 data set 

that we cannot identify. In addition, we did not have data available for some patient 

variables that we were interested in, such as co-morbid substance misuse or 

treatment interruptions of less than two consecutive months. [25] The cohorts also 

do not contain valid measure of the practice of directly observed treatment which is 

closely associated with treatment outcomes among MDR-TB patients. [26] 

Furthermore, there are likely to be other types of programme-related or treatment-

related risk factors that are 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.[19] 

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 co-morbid depression may reduce adherence in MDR-TB 

as it does in other health conditions. [27, 28] 

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.  

 

Conclusion 

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 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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Variable 

Patient Characteristics 
Quantile 
regression 
analysis 

Cox proportional hazards analysis 

Category Number of 
patients in 
group (% of 
total) 

Those recorded 
as LFU (% of 
total LFU) 

Percentage 
of each 
category 
that were 
LFU 

Median time 
to LFU in 
months (IQR) 

Unadjusted 
Hazard Ratio 

(95% CI) 

p value Adjusted 
Hazard 

Ratio (95% CI) 

p value 

Total All patients 4,099 702 17.1% 7 (3-11)     

Sex Female 1,249 (30.5) 181 (25.8) 14.5% 7 (4-11) reference - reference - 

Male 2,850 (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 0-25 735 (17.9) 104 (14.8) 14.1% 7 (4-13) reference - reference - 

26-35 1,148 (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 1,377 (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 

51-99 839 (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 country 2,184 (53.3) 374 (53.3) 17.1% 7 (4-12) reference - reference - 

Middle-income country 1,915 (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 3,644 (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 1,022 (24.9) 161 (22.9) 15.8% 6 (3-11) reference - reference - 

Yes 3,019 (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 

Treatment regimen Standardised 377 (9.2) 98 (14.0) 26.0% 7 (3-11) reference - reference - 

Individualised 3,722 (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 
treatment 

None 965 (23.5) 168 (23.9) 17.4% 7 (4-12) reference - reference - 

First line TB drugs 2,073 (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 TB drugs 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 1,135 (27.7) 174 (24.8) 15.3% 8 (5-12) reference - reference - 

Resistant 1,561 (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 1,403 (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 1,386 (33.8) 258 (36.8) 18.6% 6 (3-10) reference - reference - 

Resistant 2,241 (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 2,831 (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 
events 

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 2,325 (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 2,412 (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 

 

Table 1 – Characteristics of MDR-TB patients and risk factors associated with time to loss-to-follow-up 

MDR-TB: multidrug-resistant tuberculosis; LFU: lost to follow-up; IQR: inter-quartile range; HIV: human immunodeficiency virus; AFB: acid-fast bacillus test 

  



 

 

Figure 1 – Cumulative percentage of LFU for all MDR-TB patients and for LFU patients by month of treatment 

Note: The two sets of data points show the timing of LFU among all MDR-TB patients (n=4,099) and for those that were recorded as LFU (n=702).  LFU: loss to follow up 

 

 

Figure 2 - Time to Loss-to-Follow-Up after starting MDR-TB treatment for all patients, using Kaplan-Meier analysis 

 

Figure 3 – Time to Loss-to-Follow-Up after starting MDR-TB treatment by national income category, using Kaplan-Meier analysis 

 

 

Figure 4 – Adjusted hazard ratios of risk factors associated with loss-to-follow-up among MDR-TB patients (n=4,099) 
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Kaplan-Meier plots of individual cohorts (shaded areas are confidence intervals) 

 

Cohort i – Canada (n=70)     Cohort ii – USA (n=35) 

                     
 

Cohort iii – Taiwan (n=120)      Cohort iv – Mexico (n=35) 

                  
 

Cohort v -  South Korea (n=145)     Cohort vi – Hong Kong (n=96) 
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Cohort vii - Italy (n=82)     Cohort viii – Peru (n=529) 

               
 

Cohort ix -  Mexico (n=33)     Cohort x – Argentina (n=100) 

               
 

Cohort xi -  UK (n=24)     Cohort xii – Spain (n=21) 

           
 

 

Cohort xiii – Vietnam (n=144)    Cohort xiv – Latvia (n=949) 
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Cohort xv - France (n=30)     Cohort xvi – USA (n=236) 

            
 

Cohort xvii -  Russian Federation (n=577)  Cohort xviii – South Africa (n=33) 

              
 

Cohort xix – South Korea (n=130)    Cohort xx – Japan (n=59) 

             
 

Cohort xxi – Philippines (n=146)    Cohort xxii – Iran (n=35) 
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Cohort xxiii – Estonia (n=253)    Cohort xxiv – South Africa (n=1,789) 

             
 

Cohort xxv – The Netherlands (n=41)   Cohort xxvi – South Korea (n=191) 

               
 

Cohort xxvii – Uzbekistan (n=67) 
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Individual Cohort Studies Included in this Meta-analysis study 
 

 

First Author Years of 
Study 
Cohort 

Location Total number of 
subjects with 
MDR-TB 

Reference 

Avendaño 1986-1999 Canada 
(Toronto) 

72 Avendano M, Goldstein RS (2000) Multidrug-resistant 
tuberculosis: long term follow-up of 40 non-HIV-infected 
patients. Can Respir J 7: 383–389. 

Burgos 1983-2000 USA 
(San 
Francisco) 

45 Burgos M, Gonzalez LC, Paz EA, Gournis E, Paz A, et al. (2005) 
Treatment of multidrug-resistant tuberculosis in San Francisco: 
an outpatient-based approach. Clin Infect Dis 40: 968–975. 

Chan 1984-1998 USA 
(Colorado) 

194 Iseman MD, Madsen L, Goble M, Pomerantz M (1990) Surgical 
intervention in the treatment of pulmonary disease caused by 
drug-resistant mycobacterium tuberculosis. Am Rev Respir Dis 
141: 623–625. 
Chan ED, Laurel V, Strand MJ, Chan JF, Huynh MLN, et al. (2004) 
Treatment and outcome analysis of 205 patients with multidrug-
resistant tuberculosis. Am J Respir Crit Care Med 169: 1103–
1109. 

Chiang 1992-1996 Taiwan 
(Taipei) 

125 Chiang CY, Enarson DA, Yu MC, Bai KJ, Huang RM, et al. (2006) 
Outcome of pulmonary multidrug-resistant tuberculosis: a 6-yr 
follow-up study. Eur Respir J 28: 980–985. 

Cox 2003-2005 Uzbekistan 77 Cox HS, Stobdan K, Allamuratova S, Sizaire V, Tigay ZN, et al. 
(2007) Multidrug-resistant tuberculosis treatment outcomes in 
Karakalpakstan, Uzbekistan: treatment complexity and XDR-TB 
among treatment failures. PLoS One 2: e1126. 
doi:10.1371/journal.pone.0001126. 

De Riemer 1994-2009 Mexico 
(Veracruz) 

47 DeRiemer K, Garcia-Garcia L, Bodadilla-del-Valle M, Palacinos-
Martinez M, Martinez-Gamboa A, et al. (2005) Does DOTS work 
in populations with drug resistant tuberculosis? Lancet 365: 
1239–1345. 



Escudero 1998-2000 Spain 
(Madrid) 

18 Escudero E, Pena JM, Alvarez-Sala R, Vazquez JJ, Ortega A (2006) 
Multidrug resistant tuberculosis without HIV infection: success 
with individualised therapy. Int J Tuberc Lung Dis 10: 409–414. 

Geerligs 1987-1988, 
1998-2008 

The 
Netherlands 

43 Geerligs WA, van Altena R, delange WCM, van Soolingen D, van 
der Werf TS (2000) Multidrug-resistant tuberculosis: long-term 
treatment outcome in the Netherlands. Int J Tuberc Lung Dis 4: 
758–764. 

Granich/ Banerjee 1994-2006  USA 
(California) 

100 Granich RM, Oh P, Lewis B, Porco TC, Flood J (2005) Multidrug 
resistance among persons with tuberculosis in California, 1994–
2003. JAMA 293: 2732– 2739. 
Banerjee R, Allen J, Westenhouse J, Oh P, Elms W, et al. (2008) 
Extensively drug-resistant tuberculosis in California, 1993–2006. 
Clin Infect Dis 47: 450– 457. 

DH Kim 2000-2002 South Korea 
(Seoul) 

1288 Kim DH, Kim HJ, Park SK, Kong S, Kim YS, et al. (2008) Treatment 
outcomes and long-term survival in patients with extensively 
drug-resistant tuberculosis. Am J Respir Crit Care Med 178: 
1075–1082. 

HR Kim 1980-2007 South Korea 
(Seoul) 

182 Kim HR, Hwang SS, Kim HJ, Lee SM, Yoo CG, et al. (2007) Impact 
of extensive drug resistance on treatment outcomes in non-HIV-
infected patients with multidrug-resistant tuberculosis. Clin 
Infect Dis 45: 1290–1295. 

Kwon 1995-2005 South Korea 
(Seoul) 

129 Kwon YS, Kim YH, Suh GY, Chung M, Kim H, et al. (2008) 
Treatment outcomes for HIV-uninfected patients with multidrug-
resistant and extensively drug-resistant tuberculosis. Clin Infect 
Dis 47: 496–502. 

Leimane/Holtz/Riekstina 2000-2004 Latvia 
(Stopinu 
Novads) 

945 Riekstina V, Leimane V, Holtz TH, Leimans J, Wells CD (2007) 
Treatment outcome cohort analysis in an integrated DOTS and 
DOTS-Plus TB program in Latvia. Int J Tuberc Lung Dis 11: 585–
587. 
Leimane V, Riekstina V, Holtz TH, Zarovska E, Skripconoka V, et 
al. (2005) Clinical outcome of individualised treatment of multi-
drug resistant tuberculosis in Latvia: a retrospective cohort 
study. Lancet 386: 318–326. 
Holtz TH, Stenberg M, Kammerer S, Laserson KF, Riekstina V, et 



al. (2006) Time to sputum culture conversion in multidrug-
resistant tuberculosis: predictors and relationship to treatment 
outcome. Ann Intern Med 144: 650–659. 

Lockman 2000-2002 Estonia  
(All centres) 

218 Lockman S, Kruuner A, Binkin N, Levina K, Wang YC, et al. (2001) 
Clinical outcomes of Estonian patients with primary multidrug-
resistant versus drugsusceptible tuberculosis. Clin Infect Dis 32: 
373–80 

Masjedi 2002-2006 Iran 27 Masjedi MR, Tabarsi P, Chitsaz P, Baghaei P, Miraeidi M, et al. 
(2008) Outcome of treatment of MDR-TB patients with 
standardised regimens, Iran, 2002–2006. Int J Tuberc Lung Dis 
12: 750–755. 

Mitnick  1996-2002 Peru 
(Lima) 

654 Mitnick C, Bayona J, Palacios E, Shin SS, Furin J, et al. (2003) 
Community based therapy for multidrug-resistant tuberculosis in 
Lima, Peru. N Engl J Med 348: 119–128. 
Mitnick C, Shin SS, Seung KJ, Rich ML, Atwood SS, et al. (2010) 
Comprehensive treatment of extensively drug-resistant 
tuberculosis. N Engl J Med 359: 563–574. 

Munsiff/Li 1992-1997 USA 
(New York) 

671 Munsiff SS, Ahuja SD, Li J, Driver CR (2006) Public-private 
collaboration for multidrug-resistant tuberculosis control in New 
York city. Int J Tuberc Lung Dis 10: 639–648. 
Li J, Burzynski JN, Lee YA, Berg D, Driver CR, et al. (2004) Use of 
therapeutic drug monitoring for multidrug-resistant tuberculosis 
patients. Chest 126: 1770–1776. 

Narita 1993-1997 USA 
(Florida) 

66 Narita M, Alonso P, Lazardo M, Hollender E, Pitchenik A, et al. 
(2001) Treatment experience of multidrug-resistant tuberculosis 
in Florida, 1994–1997. Chest 120: 343–348 

O’Riordan 1982-2004 UK 
( London) 

28 O’Riordan P, Schwab U, Logan S, Cooke G, Wilkinson RJ, et al. 
(2008) Rapid molecular detection of rifampicin resistance 
facilitates early diagnosis and treatment of multidrug-resistant 
tuberculosis: case control study. PLoS One 3: e3173. 
doi:10.1371/journal.pone.0003173 

Palmero 1996-1999 Argentina 
(Buenos 
Aires) 

112 Palmero DJ, Ambroggi M, Brea A, De Lucas M, Fulgenzi A, et al. 
(2004) Treatment and follow-up of HIV-negative multidrug-
resistant tuberculosis patients in an infectious diseases reference 



hospital, Buenos Aires, Argentina. Int J Tuberc Lung Dis 8: 778–
784 

Park 1998-2002 South Korea 
(Masan) 

131 Park SK, Lee WC, Lee DH, Mitnick CD, Han L, et al. (2004) Self-
administered, standardized regimens for multidrug-resistant 
tuberculosis in South Korea. Int J Tuberc Lung Dis 8: 361–368 

Perez-Guzman 1994-1995 Mexico 33 Pe´rez-Guzma´n C, Vargas MH, Martinez-Rossier LA, Torres-Cruz 
A, Villarreal-Velarde H (2002) Results of a 12-month regimen for 
drug-resistant pulmonary tuberculosis. Int J Tuberc Lung Dis 6: 
1102–1109 

Quy 1998-2000 Vietnam 
(Ho Chi 
Minh City) 

157 Quy HT, Cobelens FGJ, Lan NTN, Buu TN, Lambregts CSB, et al. 
(2006) Treatment outcomes by drug resistance and HIV status 
among tuberculosis patients in Ho Chi Minh City, Vietnam. Int J 
Tuberc Lung Dis 10: 45–51. 

Schaaf  1998-2002 South Africa 
(Western 
Cape, 
Capetown 
Metropole, 
West Coast) 

36 Schaaf HS, Shean K, Donald PR (2003) Culture confirmed 
multidrug resistant tuberculosis: diagnostic delay, clinical 
features, and outcome. Arch Dis Child 88:1106–1111 

Shin 2000-2004 Russian 
Federation 
(Tomsk) 

535 Shin SS, Pasechnikov AD, Gelmanova IY, Peremitin GG, Strelis AK, 
et al. (2006) Treatment outcomes in an integrated civilian and 
prison MDR-TB treatment program in Russia. Int J Tuberc Lung 
Dis 10: 402–408 

Shiraishi 2000-2007 Japan 
(Tokyo) 

61 Shiraishi Y, Nakalima Y, Katsuragi N, Kurai M, Takahashi N (2004) 
Resectional surgery combined with chemotherapy remains the 
treatment of choice for multidrug-resistant tuberculosis. J Thorac 
Cardiovasc Surg 128: 523–528. 

Tupasi 1999-2003 Philippines 159 Tupasi TE, Quelapio MID, Orillaza RB, Alcantara C, Mira NRC, et 
al. (2003) DOTS-Plus for multidrug-resistant tuberculosis in the 
Philippines: global assistance urgently needed. Tuberculosis 83: 
52–58. 
Tupasi TE, Gupta R, Quelapio MID, Orillaza RB, Mira NR, et al. 
(2006) Feasibility and cost-effectiveness of treating multidrug 



resistant tuberculosis: a cohort study in the Philippines. PLoS 
Med 3: e352. doi:10.1371/journal.pmed.0030352 

Uffredi 1998-1999 France 
(Paris) 

41 Uffredi ML, Truffot-Pernot C, Dautzenberg B, Renard M, Jarlier V, 
et al. (2007) An intervention programme for the management of 
multidrug-resistant tuberculosis in France. Intl J Antimicrob 
Agents 29: 434–439. 

Yew 1990-1997 Hong Kong 99 Yew WW, Chan CK, Leung CC, Chau CH, Tam CM, et al. (2003) 
Comparative roles of levofloxacin and ofloxacin in the treatment 
of multidrug resistant tuberculosis. Chest 124: 1476–1481. 
Yew WW, Chan CK, Chau CH, Tam CM, Leung CC, et al. (2000) 
Outcomes of patients with multidrug-resistant pulmonary 
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