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Abstract
Objectives  To describe the association between change 
in body weight and sputum smear conversion and to 
identify factors linked with body weight and sputum smear 
conversion in Jimma University Specialized Hospital, 
Southwest Ethiopia.
Design  A retrospective follow-up study.
Setting  Teaching hospital in Southwest Ethiopia.
Participants  A total of 450 patients with tuberculosis (TB) 
were included in the follow-up between 2011 and 2013.
Main outcome measures  The association between body 
weight and sputum conversion was measured using joint 
modelling.
Results  The association between change in body weight 
and change in sputum conversion was −0.698 (p<0.001). 
A strong inverse association between change in body 
weight and change in sputum conversion was observed. 
The study variables sex, age, type of TB, HIV status, dose 
of anti-TB drug and length of enrolment to TB treatment 
were significantly associated with change in body weight 
of patients with TB. The study variables age, type of 
TB, dose of anti-TB drug and length of enrolment were 
significantly associated with change in sputum status of 
patients with TB.
Conclusions  Among patients with TB who were on anti-
TB treatment, increase in body weight and positive sputum 
status were inversely related over time. TB prevention and 
control strategies should give emphasis on factors such 
as female sex, older age, non-pulmonary positive type of 
TB, HIV-positive, lower dose of anti-TB drug and length of 
enrolment to TB treatment during monitoring of trends in 
body weight and sputum status.

Background 
Tuberculosis (TB) remains the major cause 
of morbidity and mortality throughout the 
world.1 Patients with positive pulmonary TB 
are the most important segment of popula-
tion with regard to controlling the spread of 
TB. Sputum conversion can be affected by the 
age of the patient, total number of adminis-
tered anti-TB drugs, comorbidities (diabetes 
mellitus, HIV and cancer) and nutritional 
status.2 Both underweight and overweight are 
pathologically linked to sputum conversion.3–6 

Change in body weight of patients with 
TB significantly affects treatment outcomes. 
Patients who lose body weight in the first 
2 months of treatment are less likely to 
achieve  successful treatment outcomes. On 
the other hand, patients with TB who gain 5% 
of their body weight within the first 2 months 
of treatment had smaller risk of unsuccessful 
treatment.7

Patients with delayed sputum conversion 
during the  intensive phases of TB treat-
ment are associated with treatment failure. 
Patients with higher proportion of bacillary 
load at initial TB treatment are not able to 
convert sputum compared with patients with 
lower proportion of bacillary load at initial 
treatment.8 Identifying the relationship 
between body weight and sputum status will 
help investigators to consider body  weight 
as a biomarker for monitoring TB treatment 
outcomes in lower income settings.

Using longitudinal data analysis, trends 
of variables among study subjects can be 
measured.9 In resource-limited settings, 
joint modelling of body weight and sputum 
status in time courses was rarely scrutinised. 
Therefore, the objectives of this study were to 

Strengths and limitations of this study

►► Modelling the relationship between a survival end-
point and longitudinal outcomes improves the  ef-
ficiency of health research and provides greater 
insight into the various dimensions of clinical out-
comes of interventions.

►► One of the limitations of joint modelling is calcula-
tion challenge, which requires to integrate the dis-
tributions of random effects even with fairly simple 
circumstances, that is, a single longitudinal outcome 
and a single survival event.

►► As we conduct this  retrospective follow-up study, 
predictors could not establish temporal relationship; 
therefore, causation of factors cannot be inferred.
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describe the association between change in body weight 
and sputum smear conversion and to identify the factors 
linked with change in body weight and sputum conver-
sion in Jimma University Specialized Hospital (JUSH), 
Southwest Ethiopia.

Materials and methods
Joint modelling
Joint modelling enables researchers to study several 
outcome variables simultaneously. Often, these outcome 
variables are mixed in type. Variables in longitudinal 
modelling can be continuous, binary, ordinal, survival 
and/or missing. Applying separate model (by taking one 
as explanatory variable) is not efficient to see the asso-
ciation between two longitudinal data. Furthermore, 
joint modelling of variables addresses additional relevant 
research hypothesis. To identify whether a new treatment 
improves more than one treatment outcomes over time, 
joint modelling is appropriate.10

Study design
We conducted a retrospective follow-up study between 
September 2011 and July 2013 at the JUSH TB clinic in 
Southwest Ethiopia.

Study participants
Participants included patients with TB who were enrolled 
in direct observation TB  treatment during the study 
period.

Study setting
A study was conducted at the JUSH TB clinic in Southwest 
Ethiopia. On average a total of 150 patients with TB were 
enrolled to direct observation therapy per year. Diagnosis 
of active TB was based on sputum microscopy, X-ray, histo-
pathology, culture or/and molecular techniques. Once 
patients were diagnosed with active TB, they are started 
on TB treatment accordingly.11

Sample size
All patients with TB who were enrolled at the JUSH TB 
clinic between 2011 and 2013 were included in the anal-
ysis. A total of 450 patients with TB were included in the 
follow-up.

Data collection
Data were extracted from patient cards using case report 
forms. Patient cards with complete list of the  required 
variables were included in the analysis. A baseline survey 
of demographic and clinical variables (age, sex, residence, 
type of TB, HIV status, dose of anti-TB drug, body weight 
and sputum status) was conducted at the first visit of direct 
observation TB treatment. The  above-mentioned study 
variables were rechecked when patients come to the TB 
clinic for drug picking. During the intensive phase, which 
was the first 2 months of TB treatment,  patients came to 
the clinic for direct observation treatment on a daily basis. 
During  the continuous phase, which was between the 

third and sixth months of  treatment, patients collected 
anti-TB drugs from the clinic every month. Body weight 
was measured in kilogram during the  initiation of TB 
treatment as a baseline and repeatedly measured every 
2 months. Sputum status was examined at the end of the 
second, fifth and sixth months of treatment. The following 
predictor variables were included in the analysis: sex, age, 
type of TB, HIV status, residence, and time and dose of 
anti-TB drug. The standard dose of anti-TB drugs given 
to each patient is based on Ethiopia TB treatment guide-
line. The dose of a single anti-TB tablet is different based 
on anti-TB drug combinations: for instance, rifampicin, 
isoniazid, pyrazinamide and ethambutol (R/H/Z/E), 1 
tablet=150/75/400/275 mg; R/H, 1 tablet=150/75 mg; 
and E/H, 1 tablet=400/150 mg.11 The outcome variables 
of the study were body weight and sputum conversion.

Data analysis
A separate model was computed to measure body weight 
as well as sputum status. Linear mixed model (LMM) was 
used to analyse body weight. Covariates such as age, sex, 
categories of TB, dose of anti-TB drug, time and HIV 
status were added in the LMM as predictors for body 
weight. To analyse sputum status, generalised linear 
mixed model (GLMM) was computed. Covariates such as 
age, sex, categories of TB, dose of anti-TB drug, time and 
HIV status were included in the GLMM.

Joint model was used to analyse body weight and 
sputum status. Separate models were fitted for the two 
outcomes (body weight and sputum status) together 
by assuming ρ=0. The joint model investigated the link 
between change in body weight and change in sputum 
status, that is, association of changes.

The likelihood comparison showed that a more 
convincing improvement in model fit was observed from 
the result of multivariate settings compared with the 
result of independent settings. Joint modelling of the two 
outcomes (body weight and sputum conversion together) 
was significantly better than two separate models (χ2 
=116.13, df=4, p<0.0001).

Patient and public involvement
No patient or the public was involved in the development 
of research question and design of the study. The results 
of this research will be disseminated to stakeholders such 
as the Regional Health Office and Jimma University after 
being published in a scientific journal.

Results
At the end of the follow-up, 3.4% of the patients were lost 
to follow-up (1.1% died, 1.3% transferred out and  1% 
dropped out). The mean age of patients with TB was 
29.47 years (SD=11.8 years). Likewise, the mean body 
weight was 48.29 kg (SD=7.18 kg). Table  1 presents 
the sociodemographic and clinical factors of patients with 
TB. Majority (82%) of them were between the ages of 18 
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and 40 years. The prevalence of HIV among patients with 
TB was 16%.

LMM for body weight with linear time effect
Table 2 presents the association between predictor vari-
ables and body weight. The study variables sex, age, type 
of TB, HIV status and dose of anti-TB drug were signifi-
cantly associated with body weight.

Separate analysis of binary longitudinal outcome (sputum 
conversion)
Table 3 presents the association between predictor vari-
ables and sputum status. The covariates age, dose, type of 
TB and time had significant effects on sputum status of 
the patients. Old age was associated with higher rates of 
positive sputum status.

Joint model of body weight and sputum conversion
Using joint model, the  association of changes between 
the random slope for body weight and the random slope 

for sputum conversion was −0.698 (SE=0.134, p<0.001). 
The negative value indicated inverse association between 
change in body weight and change in sputum conversion.

Discussion
This study described the link between body weight and 
sputum conversion in patients with TB. In addition, the 
study identified predictors for body weight and sputum 
conversion among patients who were on TB treatment. 

Table 1  Baseline sociodemographic and clinical factors 
of patients with tuberculosis (TB) in Jimma University 
Specialized Hospital, Southwest Ethiopia

Variables Frequency %

Age (years)

 � 18–40 368 81.8

 � 41–60 62 13.8

 � 61+ 20 4.4

Sex

 � Female 178 39.6

 � Male 272 60.4

Residence

 � Rural 198 44.0

 � Urban 252 56.0

Type of TB

 � Extrapulmonary TB 214 47.6

 � Pulmonary TB 236 52.4

HIV status

 � Positive 76 16.9

 � Negative 374 83.1

Dose of anti-TB drug

 � Two tablets 55 12.2

 � Three tablets 338 75.1

 � Four tablets 57 12.7

Sputum status

 � Smear-positive 163 36.2

 � Non-smear-positive 287 63.8

Body weight (kg)

 � 29–39 55 12.2

 � 40–54 338 75.1

 � 55+ 57 12.7

Table 2  Predictors for body weight in patients with 
tuberculosis (TB) in Jimma University Specialized Hospital, 
Southwest Ethiopia

Variables

Joint model Separate model

Estimates 
(SE) P values

Estimate 
(SE) P values

Sex 6.17 (0.70) <0.001 6.16 (0.71) <0.001

Age 0.18 (0.01) 0.016 0.18 (0.01) <0.001

TB type 0.14 (0.01) <0.001 0.13 (0.07) 0.007

HIV status 0.79 (0.06) <0.001 0.79 (0.07) 0.005

Dose of anti-
TB drug

3.81 (0.27) 0.014 3.72 (0.43) <0.001

Time 1.88 (0.04) <0.001 1.78 (0.49) 0.002

Sex with time −0.17 (0.07) 0.004 −0.18 (0.19) 0.008

Age with time 0.01 (0.04) <0.001 0.01 (0.04) 0.009

TB type with 
time

−0.21 (0.01) <0.001 −0.21 (0.18) 0.001

HIV status 
with time

−0.30 (0.21) 0.013 −0.30 (0.25) 0.004

Dose of anti-
TB drug with 
time

−0.26 (0.13) 0.001 −0.25 (0.13) 0.002

α=0.05, p value less than 0.05 is statistically significant.

Table 3  Predictors for sputum conversion in patients with 
tuberculosis (TB) in Jimma University Specialized Hospital, 
Southwest Ethiopia

Variables

Joint model Separate model

Estimates 
(SE) P values Variables

Estimates 
(SE)

Age 0.03 (0.02) 0.007 0.01 (0.25) <0.001

TB type −2.85 (0.02) <0.001 −2.60 (0.18) 0.005

Dose of anti-
TB drug

−0.19 (0.04) 0.01 −0.17 (0.74) 0.006

Time −2.55 (0.04) 0.001 −2.02 (0.01) 0.008

Age with 
time

0.09 (0.21) 0.005 0.08 (0.31) <0.001

TB type with 
time

2.49 (0.02) <0.001 1.32 (0.21) 0.002

Dose of anti-
TB drug with 
time

0.06 (0.12) 0.04 0.01 (0.13) 0.003

α=0.05,  p value less than 0.05 is statistically significant.
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These findings will have an important impact on public 
health particularly in lower incomes settings, where TB 
burden is overwhelming the already limited health system.

Our study found a strong inverse association between 
change in body weight and change in sputum conver-
sion. Similarly, a study conducted in Peru identified that 
patients with pulmonary TB who gained less than 5% their 
body weight were associated with lack of sputum conver-
sion.12 Furthermore, a study in Indonesia reaffirmed that 
body weight increment and sputum culture conversion 
were inversely related.13

Ethiopia TB treatment guideline recommends regular 
sputum status assessment as an indicator of treatment 
response.12 In this study we found a strong correlation 
between body weight and sputum status. A study finding 
identified that body weight was associated with TB treat-
ment outcomes. Patients with loss of body weight were 
associated with poor treatment outcomes, such as drug 
resistance to TB, treatment failure, relapse and clinical 
deterioration.8

Patients with TB with low level of weight gain require 
intensified follow-up and management. On the other 
hand, patients with good treatment outcomes were linked 
to weight gain.14 This implies weight gain could be a 
predictor of good treatment outcomes.

The study variables of this research—sex, age, type of 
TB, HIV status, dose of anti-TB drug and length of enrol-
ment to TB treatment—were significantly associated with 
change in body weight. The  association of body weight 
with the covariates sex, dose of anti-TB drug and age was 
consistent with other studies.15–17

In this study, patients with smear-positive pulmonary TB 
had better weight gain than patients with TB who were 
not pulmonary-positive. Consistent with our findings, a 
study identifies that patients with smear-positive TB were 
associated with better weight gain than patients with 
non-smear-positive TB.18 Smear-negative TB, extrapul-
monary TB and disseminated TB were more likely 
linked to other comorbidities such as HIV infection than 
smear-positive TB.19 Patients with non-smear-positive TB 
who did not gain body weight as patients with smear-posi-
tive TB might link with HIV wasting syndrome.20 Further-
more, our study found that HIV-negative patients with TB 
gain higher body weight than HIV-positive patients with 
TB.

In this study younger age adult patients with TB were 
associated with higher weight gain than older age adult 
patients with TB. Similarly, a study identified higher rates 
of weight gain  among younger adult patients with TB 
(younger than 40 years) than those who were 40 years and 
older.21 A research identified that unintentional weight 
loss is more common in elderly patients.17 Unintentional 
weight loss because of common geriatric disorders such 
as depression, cancer, cardiac disorder and benign gastro-
intestinal disorder is observed.22 To enhance successful 
TB treatment outcomes among the elderly, focused body 
weight monitoring and handlings of weight loss should 
be emphasised.

Loss of appetite along with nausea is a common sign of 
TB. Patients diagnosed with TB is associated with wasting, 
which is characterised by depletion of whole-body lean 
and fat tissue.20 This study showed that patients with 
TB on longer duration of treatment were  linked with 
increased body weight.11 Consistent with  our findings, 
a study revealed that the body weight of patients with 
TB increased in a linear fashion throughout the course 
of treatment.18 Often, patients with TB with successful 
treatment outcomes have reduced symptoms.23 However, 
further studies that will  investigate the mechanisms of 
weight increment during TB treatment are warranted.

The study variables age, type of TB, dose of anti-TB drug 
and length of enrolment to TB treatment were significantly 
associated with change in sputum status. Even though 
patients with TB were taking similar anti-TB treatment, 
sputum conversion was not the same among all patients with 
TB. This could be due to differences in biomedical profile, 
TB treatment response, dietary and social factors.24–27

Among patients with TB who were taking anti-TB 
drugs, delayed sputum conversion was associated with old 
age.28 29 A study identified age-related decline in  T cell 
immune responses, which was linked to increased risk of 
TB infection. Furthermore, other factors such as age-re-
lated diseases, including malignancy, diabetes mellitus, 
poor nutrition and immunosuppression, contribute to 
increased risk of TB in the old age segment of the popu-
lation. Similarly, studies reaffirmed that, compared with 
young adults, elders were less effective in preventing 
and/or getting rid of TB bacilli.30 31

Ethiopia TB treatment guideline recommends fixed-
dose combination therapies. In our study setting, fixed-
dose combination therapies were given. During the 
therapy, anti-TB drug doses were calculated based on 
the body weight of the patients.11 In this study the dose 
of anti-TB drug was significantly associated with sputum 
conversion. Fixed-dose combinations of higher dose 
groups were more likely associated with sputum conver-
sion (from smear-positive sputum to smear-negative 
sputum) than fixed-dose combinations of lower  dose 
groups. On the other hand, lower weight patients with 
TB who were taking lower doses of anti-TB drugs could 
be sicker than patients with higher body weight who were 
taking higher doses of  anti-TB drugs. In terms of treat-
ment outcomes, sicker patients with TB might have worse 
outcomes than less sick patients. Further prospective study 
that will control more potential confounding  variables 
and is able to establish temporal sequence is warranted.

The  length of enrolment to TB treatment was associ-
ated with sputum conversion. As the length of time on TB 
treatment increased, the probability of sputum conver-
sion was increased. Seventy per cent of patients with TB 
had sputum conversion at the first month of treatment, 
while 90% had sputum conversion at the second month 
of treatment.32 Similarly, our study identified an associa-
tion between length of time on TB treatment and sputum 
conversion. Another study investigated that Mycobacte-
rium bacilli dose was associated with the rate of sputum 



5Filate M, et al. BMJ Open 2018;8:e019076. doi:10.1136/bmjopen-2017-019076

Open access

conversion.33 Lack of sputum conversion was linked with 
high bacterial load.34 As the length of time on TB treat-
ment increased, mycobacterial load in human host was 
reduced.35 In general, the findings of this research can be 
extrapolated to patients with TB in lower income settings 
who are on direct observations TB treatment.

Limitations of the study
While sputum microscopy is a gold standard diagnostic tool 
for pulmonary TB, it may lack sensitivity and specificity.36 
As we conduct this retrospective follow-up study, predic-
tors could not establish temporal relationship. Therefore, 
causation of factor cannot be inferred. One of the limita-
tions of joint modelling is calculation challenge, which 
requires to integrate the distributions of the random effects 
even with fairly simple circumstances, that is, a single longi-
tudinal outcome and a single survival event.37

Conclusions
Among patients with TB who were on anti-TB treatment, 
increase in body weight and positive sputum status were 
inversely related over time. TB prevention and control 
strategies should give emphasis on factors such as female 
sex, older age, non-pulmonary positive type of TB, HIV 
positive, lower dose of anti-TB drug and length of enrol-
ment to TB treatment during monitoring of  trends 
in body weight and sputum status.
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