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Abstract. Alternatives to culture are needed in high burden countries to assess whether response to treatment
of multidrug-resistant-tuberculosis (MDR-TB) is satisfactory. The objective was to assess the association of weight
gain and treatment outcome. The methods included analysis of clinical, bacteriologic, and weight from 439 MDR-TB
patients in the Philippines. Odds ratios (ORs) were calculated to determine whether 5% weight gain during the first
6 months of treatment was associated with outcome. Three hundred and ten (71%) patients were cured and 129 (29%)
had poor outcomes (death, defaulted, or failed treatment). Fifty-three percent were underweight (body mass index
[BMI] < 18.5 kg/m2) before treatment. Five percent weight gain after completing 3 months of treatment was associated
with good outcome among patients who were underweight before treatment (OR 2.1; 95% confidence interval [CI],
1.05 to 4.4). Baseline weight and degree of weight change during the first 6 months of treatment can help identify
persons who are more likely to have poor outcomes and require other interventions.

INTRODUCTION

Identification of surrogate markers of treatment response
and risk for poor outcome would be of benefit to tuberculosis
(TB) programs as tools for individual patient management.
Patients with markers of poor response could be targeted for
longer treatment, post-treatment surveillance, or other inter-
ventions. The most important outcomes for patients during
treatment of a disease are survival, disability, and capacity for
functioning in daily life1; the outcomes measured in TB treat-
ment programs mainly focus on microbiological endpoints
such as sustained sputum culture conversion for cure and per-
sistent smear or culture positivity for failure. In several earlier
studies involving patients, the majority of whom had drug-
susceptible or likely drug-susceptible TB, body weight gain
was associated with cure after TB treatment.2–6 Self-reported
resolution and reappearance of symptoms also has been
shown to be associated with microbiologically defined success
and relapse.7

Because multidrug-resistant-TB (MDR-TB) treatment
averages 18 to 24 months in duration, there is a great need to
identify early indicators of a good response to treatment. Now
that treatment of MDR-TB is being rolled out to resource-
poor countries where access to sputum culture is limited,
simple measures of treatment response need to be considered.
Most patients with MDR-TB are chronically ill and malnour-
ished.8–12 Weight gain could be a potentially useful biomarker
of response to MDR-TB treatment. Weight gain is simple to
measure, inexpensive to obtain, and easily accessible. Nearly
all TB clinics have a scale andmostweigh their patientsmonthly
during treatment.
The Philippines is one of the 27 countries with the highest

burden of MDR-TB worldwide, with an estimated 8,800 new
patients with MDR-TB in 2010.13 The programmatic manage-
ment of drug-resistant TB (PMDT) initiative is expanding
services to cover the entire country; however, laboratory
capacity will not be rolled out as rapidly as clinical capacity.
Monitoring weight gain during treatment could be a practical
tool to identify patients in whom treatment is failing and who

may benefit from earlier re-evaluation, longer treatment, or
more frequent follow-up. To further assess the value of mon-
itoring weight gain during treatment as a predictor of treat-
ment outcome, we analyzed prospectively collected data
combined with retrospectively collected data on weight in a
large treatment MDR-TB treatment cohort with good follow-
up and serial bacteriological monitoring.

METHODS

Study population. The Preserving Effective TB Treat-
ment Study (PETTS) was a multinational, prospective
observational study whose primary objective was to deter-
mine risk factors for amplification of drug resistance during
the treatment of MDR-TB.14 Eligibility criteria for PETTS
included culture-confirmed MDR-TB, 18 years of age or
older, and initiation of second-line drug treatment within
30 days of the baseline positive sputum culture. From Jan-
uary 2005 to June 2008, 787 patients with MDR-TB were
started on treatment in the Philippines national PMDT. Of
these, 482 patients (60%) were enrolled into the PETTS
study. Because this cohort had regular follow-up and
monthly sputum cultures, we used this cohort for analysis.
The study collected demographic and clinical data includ-
ing baseline height and weight. Monthly weights during
treatment were abstracted from patient charts and entered
into the study database.
Treatment regimens and monitoring. Treatment of MDR-

TB in the Philippines was initiated in 1999 by the Tropical
Disease Foundation, a non-government organization inManila,
as the first Green Light Committee-approved program.
Treatment was individualized based on drug susceptibility
testing results. Human immunodeficiency virus (HIV) test-
ing of patients was not done. Patients were followed up in
the clinic weekly during the first 2 months and then monthly.
At each visit, adherence with treatment, TB symptoms, and
drug side effects were reviewed. All clinics were equipped
with simple beam balance scales. Patients were weighed
weekly during each scheduled visit during the first 6 months
of treatment and monthly thereafter. Sputum smears and
cultures were performed monthly on Lowenstein-Jensen
media. Drug susceptibility testing was performed using
published methods at a single quality controlled laboratory
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at baseline and then after 4 months of treatment if cultures
were still positive.15

Prescribed treatment regimens included at least four drugs
to which the patient’s isolate was susceptible, including a
second-line injectable drug during the first 6 months or until
the patient was culture negative for 4 months, a fluoroquino-
lone that the patient had not previously received, and at least
two group four drugs (cycloserine, prothionamide, para-
aminosalicyclic acid). Dosages were based on the Partners
in Health MDR-TB treatment handbook.16 All drugs were
manufactured under good manufacturing practice. Doses
were administered by directly observed therapy (DOT) 6 days
per week at three MDR-TB treatment centers in Manila. A
health care worker or trained lay supervisor watched the
patient swallow each dose of drugs and looked in the patient’s
mouth after dosing to assure that the drugs were swallowed
and not cheeked. Food baskets and reimbursement for public
transport were given to low income patients as defined by
the Philippines national economic scheme. Roughly 70% of
our patients received such assistance. Patients who missed
doses for more than 6 days were traced by home visits. This
was a routine strategy used by the treatment centers to pre-
vent long-term default.
MDR-TB treatment outcomes. Baseline weight was the

weight recorded before or during the first week of treatment.
Monthly weight was the weight taken during the last week
of the treatment month or the first week of the subsequent
month if the former was not available. Underweight was
defined as a body mass index (BMI) of < 18.5 kg/m2.17 Five
percent weight gain was defined as an increase by 5% in the
baseline weight calculated as the difference in weights at
the two times divided by the weight at the earlier time + 100.
Final MDR-TB treatment outcomes were based on interna-
tional consensus and World Health Organization (WHO)
guidelines distinguishing the following categories: cure, com-
pletion, default, failure, and death.18,19 Cure was defined as
completion of treatment with five or more negative cultures
over at least 12 months after the last positive culture or having
completed 468 doses after sustained culture conversion.
According to the WHO guidelines, an exception was made
for a single positive culture with low colony counts during
the last 12 months followed by at least three negative monthly
cultures. Culture conversion was defined as the month when
the culture first converted to negative followed by 2 months
of negative cultures. Completion of treatment was defined
as completion of therapy with bacteriological conversion
persisting through the end of treatment but fewer than five
negative cultures or < 12 months of follow-up after the last
positive culture. Default was defined as missing all doses of
anti-TB treatment for at least two consecutive months with-
out ever returning to treatment. Treatment was considered to
have failed if the patient had more than one positive sputum
culture during the final 12 months of treatment or terminated
treatment early. For this analysis, patients were classified
as having favorable treatment outcome if they were cured or
completed treatment. Poor outcomes included those who
defaulted, died, or experienced treatment failure.
Data management and analysis. Treatment records were

initially captured on a standardized paper form and double-
entered into an Epi Info 3.3.2 database (CDC, Atlanta,
GA).20 Analyses were performed with Stata (version 9.2,
Stata, College Station, TX). Receiver operating characteristic

(ROC) curves was used to determine suitable cutoffs for
weight gain after 1–6 months of treatment that would pre-
dict favorable outcome21; the association of weight gain
during therapy and treatment outcome varied according to
initial weight. We used body weight as a continuous variable
in our initial analysis but did not detect an effect of weight
gain on treatment outcome. As done in several previously
published studies of weight gain and treatment outcome
in drug-susceptible and drug-resistant TB,3,4,9–12,22 we next
stratified baseline BMI using a WHO Nutrition Unit-
recommended cut-point for underweight (< 18.5 mg/kg2) to
identify patients at risk because of thinness or underweight
for public health, disease control program, and interven-
tional studies.23 When we stratified the population as
underweight or not using this cut-point (BMI < 18.5 kg/m2),
we found an effect on treatment outcome.
We used ROC curve analyses to determine the cutoffs

(based on an acceptable trade-off between sensitivity and
specificity to detect a good outcome) to obtain the proportion
of subjects who gained weight at the end of each treatment
month relative to baseline. The ROC curves were created
considering treatment outcome versus weight gain of 1%
after 1 month of treatment, 2% after 2 months of treatment,
3% after 3 months of treatment, and 4% after 4 months of
treatment of the two groups. We used 5% gain over the first
part of treatment because a weight gain of this magnitude
(corresponding to a weight gain of 2.5 kg in a 50 kg patient)
was likely reproducible, clinically important, and represented
a true increase in lean body mass. In comparing patient char-
acteristics of those with favorable outcomes versus poor out-
comes, we used the c2 test for categorical variables and
independent samples t test for continuous variables. P values
< 0.05 were considered significant. To quantify the magnitude
of the effect of 5% weight gain on outcome, odds ratios (ORs)
with 95% confidence intervals (CI), adjusted for age, sex, and
other factors that were significant in the univariate analyses,
were calculated.
Ethical considerations. The study protocol was approved

by the Tropical Disease Foundation and the U.S. Centers for
Disease Control and Prevention institutional review boards.
All patients gave informed consent for study participation.

RESULTS

Four hundred and eighty-two patients with culture-confirmed
MDR-TB were enrolled in the PETTS study at MDR-TB
treatment centers in Manila from January 2005 to June
2008. Forty-three patients were excluded from this analysis
because no baseline weight was recorded in the medical
record. The remaining 439 patients constitute the popula-
tion for this study. Three hundred and ten (71%) patients
had favorable treatment outcomes and 129 (29%) had
poor outcomes. Of those with poor outcomes, 81 (63%)
defaulted, 33 (26%) died, and 15 (12%) patients failed.
After 3 months of treatment of MDR-TB, 345 patients who
had both baseline and Month 3 weights. Of these, 83 (24%)
had poor outcomes.
The median waiting time from screening to treatment was

205 days (interquartile range [IQR] 157–285). The median
number of months of treatment was 20.3 months (IQR 19.1–
22.5). Culture conversion occurred after 1 month of MDR-TB
treatment of 58% (256 of 439) of the patients, by the end of
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2 months for 82% (360 of 439), and by the end of 3 months in
92% (403 of 439) of patients. The median time to culture con-
version was 1 month (IQR 1–2 months; range 1–16 months).
The mean weight and BMI for all patients was 47.4 kg (SD
11.2 kg) and 18.5 kg/m2 (SD 4.2 kg/m2), respectively. Fifty-
three percent (233 of 439) of all patients were underweight
before treatment.
In a univariate analysis (Table 1), the baseline characteris-

tics of patients who were cured versus those who had poor
outcome were similar except for culture conversion and treat-
ment interruptions. Poor treatment outcome was associated
with late (after 3 or more months of treatment) sputum cul-
ture conversion and any treatment interruption. Poor outcome
was not associated with being underweight before treatment,
age, sex, admission to hospital, or cavitary lesions on a chest

radiograph. Those with poor outcomes had a lower BMI
though not more likely to meet the “underweight” category.
The overall cumulative percentage weight gain from base-

line through the completion of 6 months of treatment of
MDR-TB was 5.6% (IQR 1.4 to 11.7) (Table 2). This table
reflects the numbers of patients who had weights at each
month. The ROC curves showed weight gain during the first
4 months of treatment using the threshold definitions and
was associated with a good outcome for patients who were
underweight (£ 18.5 kg/m2) before treatment (Figure 1).
In a multivariate analysis (Table 3), controlling for age, sex,

culture conversion, and any treatment interruption, weight
gain of 5% after 3 months of treatment was associated with
good outcome among underweight patients (OR 2.1; 95% CI,
1.05 to 4.4). This association was also significant with 5%

Table 1

Baseline sociodemographic and clinical characteristics of 439 patients with MDR-TB included in this analysis*

Characteristic

Outcome N (%)

P valueFavorable outcome N = 310 Poor outcome N = 129

Male 190 (61) 81 (63) 0.768
Age (years; mean ± SD) 38.1 + 11.8 38.5 + 12.5 0.723
Culture conversion to negative (N = 434)
Late (after 3 months or more) 41 (13) 33 (27) 0.001
Early (1 to 2 months) 269 (87) 91 (73)

Number of previous TB episodes
3 or more 177 (57) 67 (52) 0.322
1 or 2 episodes 133 (43) 62 (48)

Previous TB treatment
First-line drugs only 266 (86) 114 (88) 0.473
First- and second-line drugs 44 (14) 15 (12)

Previous treatment with a fluoroquinolone 42 (14) 14 (11) 0.441
Previous treatment with second-line injectable drug 5 (2) 3 (2) 0.611
Weight (kg; mean ± SD) 48.0 (10.9) 45.8 (11.8) 0.08
Body mass index (BMI; kg/m2 ± SD) 18.8 (4.4) 17.8 (3.8) 0.02
Underweight (BMI < 18.5 kg/m2) 161 (52) 72 (56) 0.458
Diabetes mellitus 83 (27) 34 (26) 0.928
Highest educational attainment
Primary 46 (14.8) 30 (23.3) 0.098
Secondary 134 (43.2) 48 (37.2)
Post-secondary 130 (41.9) 51 (39.5)

Marital status
Single/widowed/separated 118 (38.1) 43 (33.3) 0.349
Married/cohabiting 192 (61.9) 86 (66.7)

Used 218 (70) 70 (61) 0.064
Waiting time to treatment ³ 6 months 202 (66) 74 (58) 0.15
Contact with any TB patient 180 (61) 79 (64) 0.564
Admission to TB facility 32 (10) 16 (12) 0.525
Cavitary disease on baseline chest radiograph 158 (52) 58 (46) 0.34
Failed earlier TB treatment 176 (57) 78 (61) 0.476
Any treatment interruption 59 (19) 82 (64) < 0.001

*Values represent the number of patients and percentages unless otherwise noted.
TB = tuberculosis; BMI = body mass index.

Table 2

Cumulative percent weight gain from baseline per month of anti-TB treatment (N = 356)*

Month

Median (IQR)

Overall Patients with baseline BMI < 18.5 Patients with baseline BMI ³ 18.5

1 (N = 356) 0.9 (−3.0–4.6) 1.3 (−2.6, 5.9) 0.7 (−3.2, 3.2)
2 (N = 362) 1.9 (−3.0–6.4) 2.8 (−2.0, 8.2) 0.7 (−3.7, 5.1)
3 (N = 345) 3.1 (−1.9–8.6) 3.9 (−0.2, 10.8) 2.5 (−4.3, 5.9)
4 (N = 335) 4.0 (−2.2–9.7) 5.8 (−0.6, 12.4) 2.4 (−3.8, 7.2)
5 (N = 324) 4.8 (−2.2–11.5) 6.1 (−0.5, 14.2) 3.6 (−3.0, 8.3)
6 (N = 314) 5.6 (−1.4–11.7) 7.6 (0, 14.7) 3.2 (−2.7, 9.1)

*Only patients with baseline and the respective monthly weight were included in the analysis. Four patients defaulted at Month 3, one defaulted at Month 4, two defaulted and two died at Month
5, and five defaulted and three died at Month 6.
TB = tuberculosis; IQR = interquartile range; BMI = body mass index.
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Figure 1. Receiver operating characteristics (ROC) curve to determine sensitivity and specificity of different percentage weight change during
the first 4 months of multidrug-resistant-tuberculosis (MDR-TB) treatment (N = 439).
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weight gain after 4, 5, and 6 months of treatment with the
strongest association observed after 4 months of treatment
(OR 2.8; 95% CI, 1.3 to 6.2).
The sensitivity of 5% weight gain during the first 3 months

of treatment to predict good outcome was 50% (95% CI,
41.5 to 58.5). The specificity of 5% weight gain to predict
poor outcome was 64.7% (95% CI, 50.1 to 77.6). The posi-
tive predictive value was 80% (95% CI, 70 to 85.6) and the
negative predictive value was 32% (95% CI, 23 to 41.6).

DISCUSSION

Weight gain during the first 3 months of treatment was an
important predictor of long-term treatment success in under-
weight patients starting treatment of MDR-TB. More than
5% weight gain during the first 3 months of treatment was
associated with good outcome. This association remained
consistent after 4, 5, and 6 months of treatment after control-
ling for age, sex, culture conversion, and treatment interrup-
tion. Weight gain was not associated with outcome among
patients with BMI equal or > 18.5 kg/m2 at the time they
started treatment. The majority of poor outcomes in this
cohort occurred in patients who defaulted (63%). The associ-
ation of default and failure to gain weight may be caused by
factors such as poor drug tolerability and side effects or lim-
ited income and ability to afford food stuffs—information not
fully captured in our study.
Our results add to knowledge about weight gain and

response to TB treatment. In an earlier study by Khan and
colleagues3 among 857 United States and Canadian patients
with drug-susceptible TB, patients who had a weight deficit
of 10% or more of their ideal body weight at diagnosis and
who gained at least 5% of their baseline weight during the
first 2 months of treatment had a lower risk for later relapse.
A study in 27 Indian patients with MDR-TB treated with indi-
vidualized therapy reported that weight gain after 6 months
of therapy was a predictor of successful outcome.24 Among
patients with MDR-TB in Peru, treatment failure and death
were associated with low BMI (< 20 mg/kg2) before treat-

ment.12 A recent study in Vietnam with 2,609 patients
treated in DOTS clinics showed that those patients who had
a baseline weight of < 40 kg and had a weight gain of more
than 5% after 2 months of treatment had a lower risk of
poor outcome.22 Our data generally confirm these results
and suggest that weight gain during the first 3 months of
treatment is an important indicator of outcome in patients
who are underweight.
Although 5% weight gain during early treatment of MDR-

TB in our study was associated with good outcomes only in
patients who were underweight (BMI < 18.5 kg/m2) before
treatment, most patients with MDR-TB are underweight.
In recent published treatment cohorts and clinical trials
of adults with MDR-TB, 32 to over 75% of patients were
underweight with a pre-treatment BMI of < 18.5 kg/m2.8–11,24,25

Underweight has also been shown to be an independent
significant risk factor for poor treatment outcome and TB-
related and all-cause mortality in patients treated for MDR-
TB.11 Although the sensitivity of weight gain in predicting
good outcome was only 50%, these high-risk patients can be
readily identified and weight gain may be a useful indicator
for programs where cultures are costly or not readily available.
Our study has several limitations. First, body weight was

abstracted from patients’ treatment cards and baseline
weights and weights at some follow-up visits were not avail-
able for all patients. Missing weights were more frequent for
patients with poor outcomes (data not shown). Second, the
patients in this cohort were adults with MDR-TB of varying
chronicity who were treated by a single DOTS-Plus program
and may not be generalizable to all patients with MDR-TB.
Third, most of the patients were poor and baseline malnutri-
tion may have been caused by limited access to food,
anorexia, and increased catabolism of energy and nutrients
because of TB2,5; similarly, weight gain during treatment
might have been due, in part, to improved access to food
supplements provided during treatment and response to anti-
TB drugs. However, provision of food supplements and trans-
port assistance was based on income and economic status
and not on body weight. Fourth, lack of weight gain might be

Table 3

Multivariate analysis of body weight gain during treatment and treatment outcome (N = 439)

Weight gain
from baseline

Underweight (BMI < 18.5) Not underweight (BMI ³ 18.5)

Cured Poor outcome Adjusted OR (95% CI)* Cured Poor outcome aOR* (95% CI)

Month 1
> 5% 42 (73.7) 15 (26.3) 0.9 (0.4, 1.9) 18 (78.3) 5 (21.7) 1.1 (0.4, 3.2)
£ 5% 104 (72.7) 39 (27.3) ref 102 (76.7) 31 (23.3) ref

Month 2
> 5% 56 (76.7) 17 (23.3) 1.2 (0.6, 2.5) 32 (74.4) 11 (25.6) 0.6 (0.2, 1.3)
£ 5% 92 (70.2) 39 (29.8) ref 96 (83.5) 19 (16.5) ref

Month 3
> 5% 71 (79.8) 18 (20.2) 2.1 (1.1, 4.4) 38 (73.1) 14 (26.9) 0.6 (0.3, 1.3)
£ 5% 71 (68.3) 33 (31.7) ref 82 (82.0) 18 (18.0) ref

Month 4
> 5% 75 (79.8) 19 (20.2) 2.8 (1.3, 6.2) 44 (80.0) 11 (20.0) 1.1 (0.5, 2.5)
£ 5% 57 (64.8) 31 (35.2) ref 77 (78.6) 21 (21.4) ref

Month 5
> 5% 78 (80.4) 19 (19.6) 2.8 (1.3, 5.9) 48 (75.0) 16 (25.0) 0.6 (0.3, 1.4)
£ 5% 51 (63.0) 30 (37.0) ref 68 (82.9) 14 (17.1) ref

Month 6
> 5% 80 (78.4) 22 (21.6) 2.3 (1.1, 5.3) 51 (81.0) 12 (19.1) 0.7 (0.3, 1.7)
£ 5% 47 (67.1) 23 (32.9) ref 68 (86.1) 11 (13.9) ref

*Adjusted for age, sex, culture conversion, and any treatment interruption.
BMI = body mass index; OR = odds ratio; CI = confidence interval; aOR = adjusted odds ratio.
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related to poor tolerance of some second line drugs such as
ethionamide that frequently causes vomiting. Fifth, patients
were not tested for HIV co-infection. The prevalence of
HIV infection in the Philippines26 and the prevalence of HIV
co-infection in patients with TB13 is low (< 1%) and our
results are unlikely to be confounded by HIV co-infection.
Sixth, the simple beam balances used to measure patient
weights were not calibrated regularly; however, these scales
are among those most widely used in TB clinics in high
burden countries. A 5% weight gain (corresponding, for
example, to 2.5 kg in a 50 kg patient) can be measured reliably
and is likely to be clinically relevant3; finally, this analysis
derived a 5% weight gain criterion that needs validation in
further studies in different populations.
Among the strengths of our study are that it is based on a

large cohort of 439 patients with proven MDR-TB who
received directly observed treatment and who were followed
with serial clinical and bacteriological assessments at regular
intervals. Smears and cultures were performed at an experi-
enced, quality controlled laboratory. More than half of our
patients were underweight before treatment therefore we
had reasonable statistical power to detect an association
between weight gain during treatment and treatment outcome
in both groups. Body weight was recorded weekly during
the first 6 months of treatment by well-trained staff.
In conclusion, a weight gain of 5% or more above baseline

weight during the first 3 months of treatment of MDR-TB
was associated with good outcome for patients who were
underweight before treatment. In resource-limited countries,
cultures are not available in most areas. Recording baseline
body weight and height and following change in weight
monthly during the first 6 months of treatment may be a
practical tool to identify patients at risk for poor treatment
outcome who require greater medical attention. We encour-
age others treating patients for MDR-TB and conducting
clinical trials of new drugs and regimens for drug-resistant
TB to collect data on body weight during treatment to better
define the impact of weight change and treatment outcome.
We also recommend that the association of early 5% body
weight gain with good treatment outcome be validated in
future MDR-TB treatment cohorts.
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