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2092-7258 Korean J Pediatr Effect of tuberculosis treatment on leptin le-
vels, weight gain, and percentage body fat in Indonesian children Maria
Mexitalia, MD, PhD1, Yesi Oktavia Dewi, MD1, Adriyan Pramono, MSc2,
Mohammad Syarofil Anam, MD1 1Department of Pediatrics, Faculty of
Medicine, Diponegoro University, Dr. Kariadi Hospital, Semarang,
2Department of Nutrition, Center of Nutrition Research (CENURE), Faculty
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Tuberculosis (TB) remains a problem in the community. TB patients usually
experience malnutrition, which is characterized by both decreased body
weight (BW) and body fat percentage (BFP). Leptin, an important regulator
of BW, also plays an important role in cellular immunity, which is integral to
defense against Mycobacterium tuberculosis infection. We analyzed the
effect of an anti-TB treatment regimen on the leptin level, BW, and BFP of
children with TB. Methods: The design of this study was a group
interrupted time series. The subjects were children with probable TB
according to clinical criteria based on an Indonesian scoring system
adopted from the Consensus of Expert Panel. BW; BFP; energy intake; fat
and protein intake; and leptin levels before, 2 months after (intensive
phase), and 6 months after (continuation phase) anti-TB treatment, were
measured. About 40 children, aged 5–14 years, participated in this study.
Results: The BW, BFP and leptin level increased from before treatment to
after completion of the intensive phase and still showed an increased
during the continuation phase: BW 18.65 kg, 19.75 kg, and 20.85 kg; BFP
18.3%, 19.5%, and 20.2%; and leptin level 1.9 mg/dL, 3.07 mg/dL, and
3.4 mg/dL, respectively (P<0.01). Conclusion: Leptin level, BW, and BFP
increased throughout the course of anti-TB treatment, compared with
pretreatment values. Further research is needed to compare the results
with data for healthy children. Key words: Leptin, Tuberculosis treatment,
Weight gain, Child Corresponding author: Maria Mexitalia, MD, PhD
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November, 2016 Introduction Tuberculosis (TB) remains one of the major
causes of morbidity and mortality worldwide, especially in Asia and Africa.
According to the World Health Organization, 9.2 million incident TB cases
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occurred globally in 2006, resulting in around 1.7 million deaths1). The
majority of TB cases in children younger than 15 years occur in Southeast
Asia and Africa2). Indonesia has the third highest prevalence and incidence
of TB (after India and China) in the world. In 2006, an estimated 578,000
people had TB in Indonesia, with 88,000 TB-related deaths1). In
Indonesia, malnutrition is highly prevalent among TB patients3) and
moderate to severe malnutrition is correlated with early mortality4).
Wasting is a systemic clinical manifestation of TB, which may affect both
the severity and outcome of the disease5,6). The pathogenesis of wasting
due to TB remains unclear6). However, it is hypothesized that microbial
products can stimulate the production of proinflammatory mediators and
cytokines. This, in turn, stimulates the acute phase of the Copyright ©
2017 by The Korean Pediatric Society This is an open-access article
distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/)
which permits unrestricted non- commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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2017;60(4):118-123 host response, which leads to anorexia7,8). Leptin is
thought to be a mediator in the complex process between TB, nutrition
status, and host immune response; leptin may play an important role in
regulating nutrition intake, energy consumption, and body weight (BW)9).
Leptin is a 16-kDa protein coded by obese genes, especially in
adipocytes10). Leptin levels are correlated with body mass index,
increasing in overweight cases and decreasing in wasting cases 5,11,12).
Leptin regulates appetite and energy consumption at a hypothalamic level
by binding with its specific receptor9). Cir- culating leptin levels are
correlated with fat mass and can be de- creased by hunger13). However,
leptin not only serves to suppress appetite and regulate weight, it is a
multifunctional hormone. In addition to regulating food intake and energy
homeostasis, it has a role in neuroendocrine processes, angiogenesis, bone
formation, reproduction, hematopoiesis, and immunity3,14). Leptin plasma
concentrations in TB patients can be affected by two opposing
mechanisms, namely: chronic inflammation— which causes loss of body fat
mass, thereby reducing the pro- duction of leptin5,11) and the host’s acute
inflammatory response— which increases levels of leptin, theoretically
leading to appetite suppression, anorexia, and reduced body mass8,10).
Low levels of leptin can worsen the prognosis of TB because leptin plays an
important role in cellular immunity, the means by which the body attacks
Mycobacterium tuberculosis5,10,12). This study aimed to investigate the
effect of anti-TB drugs on leptin levels, changes in BW, and body fat
percentage (BFP), by analyzing leptin level, BW, height, nutritional status,
and food intake before treatment and after the 2-month intensive phase
and the 4-month continuation phase of TB treatment. Materials and
methods This was a quasi-experimental study, with a group interrupted
time series design. The study participants were children with TB treated at
the outpatient clinic of the Pediatric Division of Kayen District Hospital in
Pati, Central Java. Inclusion criteria were children aged 5–14 years who
were diagnosed as Probable TB based on the Concensus of Expert
Panel15), which are (1) showing signs and symptoms suggestive of TB, (2)
chest radiography is consistent with intrathoracic disease due to M.
tuberculosis, and (3) at least having one of the following: (a) a positive
clinical res- ponse to anti-TB treatments, (b) documented exposure to M.
tuberculosis, or (c) immunological evidence of M. tuberculosis infection.
This consensus adopted in Indonesia by adding scoring system, which
noted more on persistent cough, weight loss/failure to thrive, persistent



unexplained fever, and persistent unexplained lethargy or reduce
playfulness; chest radiography; and positive tuberculin test by using 0,1
mL PPD RT 23 (2 TU) (Statens Serum Institut, Copenhagen, Denmark).
The scoring above 6 is to be treated as TB in children16). The exclusion
criteria were pulmonary TB with chronic diarrhea and extra-pulmonary.
Dropout criteria were discontinuation of anti-TB drugs for at least 1
continuous week, experiencing side effects that resulted in the drugs being
(temporarily or permanently) discontinued, and not returning for follow-up
examinations. Participants were recruited using a consecutive sampling
me- thod during the last 6 months of 2014. BW; BFP; energy, fat, and
protein intake; and leptin levels were examined before, and after 2 (end of
the intensive phase) and 6 months (end of the continua- tion phase) of TB
treatment. BW and BFP were measured using a Tanita Body Composition
Analyzer-515 (Tanita, Japan); height was measured using a Tanita
stadiometer (Tanita, Japan); and energy, fat, and protein intake were
evaluated using 24-hour food recall (on 3 nonconsecutive days). Data were
analyzed using NutriSoft software. About 3 mL of venous blood, taken
using a disposable plastic syringe, were immediately transferred to a
vacutainer for leptin measurement. Leptin levels were analyzed using a
DSL-10-23100 active Human Leptin ELISA (enzyme-linked immunosorbent
assay), which is a sandwich-type immunoassay amplified using a 2-step
enzyme process (Diagnostic Systems Laboratories, Beckman Coulter Co.,
Webster, TX, USA). Data were analyzed using SPSS ver. 11.0 (SPSS Inc.,
Chicago, IL, USA). The Shapiro-Wilk test was used to determine the distri-
bution of continuous data. Data are presented as the mean and standard
deviation, or as the median and interquartile range for normally and
nonnormally distributed data, respectively. The difference between the
levels of leptin, BW, and BFP before and after the intensive phase as well
as after the continuation phase of TB treatment, was tested using the
paired t test or the Wilcoxon rank sum test, for normally and nonnormally
distributed data, respectively. A P value <0.05 was considered significant.
The study protocol was approved by the Institutional Review Board of the
Faculty of Medicine - Diponegoro University and the Dr. Kariadi Hospital
(No. 509/EC/FK-RSDK/2014). Informed consent was obtained from the
parents of the participating children before the study began. Results
Initially, 43 children aged 5–14 years with TB—who met the study’s
inclusion criteria—were recruited from the pediatric division of Kayen
Hospital. At the end of the 2-month intensive phase of treatment, 2
children had dropped out: 1 had stopped taking anti-TB drugs for more
than 1 consecutive week and 1 was excluded because of side effects
(jaundice) related to the treatment. Another child was excluded because
his parents re- fused to continue his participation in the study. By the end
of the https://doi.org/10.3345/kjp.2017.60.4.118 119 Mexitalia M, et al. •
Leptin and anthropometry on tuberculosis intervention of children Table 1.
Comparison of variables before and after tuberculosis treatment Variable
Before treatment After intensive phase P value* After continuation phase P
value† Weight (kg) 18.65 (14–45) 19.75 (15–46.3) <0.001b 20.85
(16.3–47) <0.001b Height (cm) 114.4 (93–151) 115.6 (95–153) <0.001b
116 (97–156) <0.001b WAZ -1.24 (-2.71–0.89) -0.84 (-2.32–1.14)
<0.001b -0,57 (-1,95–1,26) <0.001b HAZ -1.22 (-3.51–1.76) -1.19
(-3.48–1.56) 0.097b -1.05 (-3.7–1.15) <0.001b WHZ -0.89 (-4.34–1.55)
-0.30 (-3.55–1.76) <0.001b 0.08 (-2.56–1.71) <0.001b Body fat (%) 18.3
(9.9–27) 19.5 (9.8–27.6) <0.001b 20.2 (10.3–28.9) <0.001b Energy
intake (kcal) 1,133±214.1 1,451±167.0 <0.001a 1,501±193.7 <0.001a
Fat intake (g) 39.9±10.88 55.3±11.51 <0.001a 59.6±12.75 <0.001a
Protein intake (g) 37.4±8.27 45.9±9.09 <0.001a 45.07±10.18 <0.001a



Leptin level (mg/dL) 1.90±0.87 3.07±0.93 <0.001a 3.40±0.88 <0.001b
Values are presented as median (range) or mean±standard deviation.
WHZ, weight for height z score; HAZ, height for age z score; WAZ, weight
for age z score. *P value between “before treatment” and “after intensive
phase.” †P value between “before treatment“ and “after continuation
phase.” aPaired t test. bWilcoxon test. z socre WHZ WAZ WAZ Before 0.2 0
After intensive phase After continuation phase 0.08 -0.2 -0.4 -0.6 -0.8 -1.0
-1.2 -1.4 -0.3 -0.89 -1.22 -1.24 -1.19 0.57 -0.84 -1.05 Fig. 1.
Anthropometric measurement during tuberculosis treatment. Graphical
summary of changes in anthropometric measures over the course of
tuberculosis treatment, at 3-time points (before, at the end of the
intensive phase, and at the end of the continuation phase of treat- ment).
WHZ, weight for height z score; HAZ, height for age z score; WAZ, weight
for age z score. 4-month continuation phase of treatment, 40 children had
com- pleted this study. The mean age of the children before TB treatment
was 6.8 years, with a mean BW of 19.8 kg, and mean height of 116.3 cm.
Twenty-seven of the participants (67.5%) were boys. The educa- tion level
of the mothers was categorized, with 55% having gra- duated high school.
Table 1 shows that, except for height-for-age z scores before and after the
intensive phase of treatment, all variables increased significantly (P<0.01).
Additionally, we found significant increases in all variables when comparing
data before treatment and after completion of the continuation phase of TB
treatment (P<0.01). Fig. 1 depicts the effect of TB treatment on
anthropometric indices, Fig. 2 demonstrates increases in the mean BFP
observed from before treatment to after completion of the continuation
phase of TB intervention, and Fig. 3 displays the marked increases % Fat
mass 20.5 20.0 19.5 19.0 18.5 18.0 17.5 17.0 Before After intensive
phase After continuation phase Fig. 2. Body fat percentage measurement
during tuberculosis treatment. Graphical summary of changes in body fat
percentage measures over the course of tuberculosis treatment, at three
time points (before, at the end of the intensive phase, and at the end of
the continuation phase of treatment). Leptin levels 4.0 3.5 3.0 2.5 2.0 1.5
1.0 0.5 0 Before After intensive phase After continuation phase Fig. 3.
Body fat percentage measurement during tuberculosis treatment.
Graphical summary of changes in body fat percentage measures over the
course of tuberculosis treatment, at 3-time points (before, at the end of
the intensive phase, and at the end of the continuation phase of treat-
ment). 120 https://doi.org/10.3345/kjp.2017.60.4.118 Korean J Pediatr
2017;60(4):118-123 in mean leptin level observed before treatment to
after the intensive phase of intervention. Discussion Participants showed
increases in weight, fat, and leptin levels over the course of their TB
treatment. A cross-sectional study conducted in Indonesia found that
serum leptin levels in patients with TB were nearly 5 times lower than in
the controls3); there- fore, it was concluded that leptin levels were
significantly in- creased after TB treatment. Low leptin levels increased the
inci- dence of wasting in children with TB. Another study reported that
serum C-reactive protein levels were higher in children with TB compared
with children without TB3). Other studies comparing leptin and tumor
necrosis factor alpha (TNF-α) levels before and after the administration of
anti-TB drugs found that leptin levels were low in patients with TB, but
increased after treatment3,11,12). Additionally, low leptin levels may
contribute to increased sus- ceptibility to infection3,12). TB often leads to
weight loss, affects the inflammatory res- ponse, and suppresses cellular
immunity. Leptin is predicted to be a mediator in the complex relationship
between TB, nutritional status, and immune response5,17). A decrease in
body fat mass is not the only reason for the reduction in plasma leptin



concen- trations in patients with TB. Although body fat mass was the ma-
jor determinant of plasma leptin concentrations, starvation, hormones
(such as insulin and cortisol), and various mediators of inflammation
appear to modulate the production of leptin. Re- search has shown that
lipopolysaccharides, TNF-α, and inter- leukin-1β may all increase
concentrations of leptin in the serum and leptin mRNA in adipose
tissue18). Besides, leptin levels have also been associated with outcomes
in critically ill patients with acute respiratory distress syndrome due to
pneumonia. The in vitro mechanism showed that leptin enhanced immune
cell function, such as monocyte and macrophage activation, phago-
cytosis, and cytokine secretion, has roles as a neutrophil chemo- attractant
and an antiapoptotic19). After antiretroviral therapy, leptin level is lower at
the poor immune response human immu- nodeficiency virus (HIV) patients
as indicated by CD4 than those with better immune response. It might be
justified that leptin may be involved in the link between the energy and
nutritional status to the T helper immune response20). In a study of
patients with TB, the production of C-reactive protein and TNF-α was
inversely related to plasma leptin concentrations. Reduction of the acute
phase response and the production of proinflammatory cytokines during TB
treatment appear to be accompanied by increased plasma leptin
concentrations. The pattern of plasma leptin con- centrations in the few
weeks or months preceding diagnosis is still unknown, but it is estimated
that the long-term inflamma- tory responses associated with TB reduce its
production or cause fatigue6). Leptin regulates appetite and energy
consumption at the level of the hypothalamus by binding to specific
receptors9). Study on hormonal status of HIV children showed that leptin,
adiponectin, insulin and insulin-like growth factor-1 level of HIV children
are lower compared with non-HIV ones. This profile indicates a state that
glucose production and fat catabolism—associated to lypo- dystrophy—are
more prioritized than energy storage and growth 21). In patients with TB
who have not received treatment, a de- crease in body fat mass, reduced
energy intake, and host immune response, will reduce the production of
leptin3,5). Because leptin plays an important role for cellular immunity
against M. tuberculosis, suppression of the concentration of leptin may play
a role in worse outcomes, especially in patients with cachexia3,5). Once on
TB treatment, the reduction of the acute phase response and the
production of proinflammatory cytokines, are expected to play a role in
increasing plasma concentrations of leptin5). This study found that the
increases in leptin concentrations were greater after administration of anti-
TB drugs between the intensive and continuation phase of treatment
(P<0.01). The in- tensive phase consisting of 3 drugs (isoniazid, rifampicin,
and pyrazinamide) administered for 2 months aims to eliminate the
actively replicating bacterial population to reduce the bacterial load. The
continuation phase, which consists of 2 drugs (isoniazid and rifampicin)
administered for 4 months, aims to remove bacteria persisting in the
dormant state and bacteria that manag- ed to escape the intensive phase,
which show intermittent activity 22). We hypothesized that the increase in
leptin level was greater in the intensive phase because of the decrease in
the number of bacteria coupled with the decrease in the acute phase
response, although the production of proinflammatory cytokines was
greater in the continuation phase of treatment23). Our study found that
leptin levels and energy, protein, and fat intake increased after
administration of anti-TB drugs. We concluded that the increased
concentrations of leptin may play a role in stimulating appetite in patients,
leading to enhanced dietary intake (energy, protein, and fat). Our results
are supported by another study conducted in Thailand, which found that



leptin concentration was positively correlated with BW and BFP. How- ever,
in contrast with our study, it found no significant correlation between leptin
and energy intake18). Leptin is an important mediator of energy
metabolism. It plays a role in communicating the status of the body's
energy reserves to the appetite center in the hypothalamus. Decreased
leptin levels produce a distinctive response to starvation, while increased
le- vels of leptin are associated with weight gain11,23). The largest
component of energy expenditure is resting energy expenditure (REE)24).
Leptin concentration has been found to be correlated https://doi.org
/10.3345/kjp.2017.60.4.118 121 Mexitalia M, et al. • Leptin and
anthropometry on tuberculosis intervention of children with REE, although
the results are inconsistent11). A study in adults with pulmonary TB
showed a weak negative correlation between leptin concentration and REE,
and no association with energy intake11). In our study, we did not
measure the REE or the physical activity of participants. However, we
found data from another study that measured energy expenditure in
Indonesian children, and showed no significant difference in REE between
children of varying nutritional statuses25). Because leptin plays an
important role in cellular immunity against M. tuberculosis, suppression of
leptin concentrations may play a role in obtaining worse outcomes from TB,
especially in patients with cachexia. Metreleptin is a form of leptin that has
a substantial effect on the metabolic regulation of food intake, BW, energy
expenditure, glucose and lipid metabolism, hypothalamic- pituitary axis
immunity, and the structure and function of the brain. Theoretically,
administration of metreleptin may be useful for patients with TB, but this
has not been implemented in many countries as yet3,5,24). Some
limitations of this study should be noted. First, the diag- nosis of TB was
based on Indonesian scoring system adopted from Consensus of Expert
Panel, thus we did not investigate bacterial load or virulence. Second,
plasma concentrations may not always reveal the biologic activity of leptin
as diurnal rhy- thms and pulsatile release occur26). Third, we did not
recruit a healthy control group for comparison. Finally, dietary intake
measurement using 24-hour recall methods are often biased toward over-
or underreporting27). In conclusion, we found that there were increases in
BW, BFP, and leptin level during both the intensive and continuation phase
of treatment for TB, compared with pretreatment measures. Further
research is needed to compare the results with healthy children. Conflict of
interest No potential conflict of interest relevant to this article was
reported. Acknowledgments This study was supported by research grant
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