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Background: We performed a meta-analysis to investigate the association of serum leptin levels with the
pathogenesis of pulmonary tuberculosis (PTB).

Methods: The retrieval of related articles was achieved through searching the electronic databases
according to strict inclusion criteria. The STATA version 12.0 statistical software was employed to calculate
the standardized mean difference (SMD) and 95% confidence interval (CI) during the statistical analysis.
Results: Twelve case-control studies were enrolled in this meta-analysis. Our finding showed that serum
leptin levels of healthy controls were markedly higher than those of PTB patients (SMD =0.70, 95%
CI =0.51-0.89, P<0.001). Stratified analysis based on ethnicity presented that lower serum leptin levels
were apparently associated with the development of PTB among both Asians and Caucasians (Asians:
SMD =0.38, 95% CI =0.15-0.61, P=0.001; Caucasians: SMD =1.54, 95% CI =1.17-1.91, P<0.001).
Furthermore, subgroups analysis based on the detecting method also showed that there was an association
between the serum leptin levels and the development of PTB in both ELISA subgroup and RIA subgroup
(ELISA: SMD =1.03, 95% CI =0.81-1.26, P<0.001; RIA: SMD =-0.41, 95% CI =-0.82 to -0.01, P=0.045).

Conclusions: In conclusion, our present findings suggest that decreased serum leptin levels may be

associated with the pathogenesis of PTB.
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Introduction

Pulmonary tuberculosis (PTB) is the second leading
cause of death from infectious disease following those
due to HIV infection, emerging as a major public health
problem worldwide currently (1). Clinically, PTB may be
caused by various strains of mycobacteria, in particular,
Mycobacterium tuberculosis, which mainly spread through
the air (2). Also, PTB may infect any part of the body, but
most commonly occurs in the lungs (3). There are several
general signs and symptoms of T'B, including fever, chills,
night sweats, especially diminished appetite and weight
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loss (4,5). Under the surveillance and results of the survey
conducted by the World Health Organization (WHO) in
2012, the number of new PTB cases worldwide is estimated
to be 8.6 million (122/100,000 population); the number of
prevalent cases of P'T'B globally is estimated to be 12 million
(169/100,000 population); the number of PTB deaths
worldwide is estimated to be 1.3 million (940,000 among
HIV-negative people and 320,000 among HIV-positive
people) (6-8). The highest PTB rates are found mainly in
low-income countries, especially those in Asia (58%) and
the African Region (27%) (9). The five countries with the
largest number of incident cases in 2012 were as follows:
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India, China, South Africa, Indonesia and Pakistan (10). It
is well-established that there are multiple factors that may
elevate the PTB risk, including genetic and environmental
factors (11). Some studies show that PTB is associated
with poverty (immigration, important social inequalities,
overcrowding and malnutrition), diabetes pandemics, HIV
infection and drug or alcohol abuse and cigarette smoking
(9,12,13). Several intrinsic genetic factors, particularly,
leptin, the increase of which may suppress the appetite,
causing anorexia and loss of body mass, may be associated
with the early immune response to pulmonary PTB, and
thus contributing to the risk of PTB (5).

Leptin is one of the most important adipose-derived
hormones, which has effect on the brain to regulate food
intake and body weight, and is represented mainly in the
adipocytes of white adipose tissue (14). Physiologically,
through binding to the receptor, leptin plays an
indispensable role in suppressing appetite, regulating
energy metabolism, and has the function of promoting
fat deposition, reproduction, bone formation, as well as
neuroendocrine (5,15). To be specific, an increase of fat
mass may raise leptin levels, which results in a satiety
response, suppressing appetite, decreasing energy intake
until weight is lost; however, when fat mass falls, the level
of leptin, secreted by adipose tissue, is lowered, appearing
to a starvation, improving appetite and food intake until
weight is gained (16). Recently, it has been profoundly
pointed out that leptin may have significant roles in the
modulation of the immune response which may be closely
related to the occurrence and progress of PTB (17). It has
been indicated that the serum leptin level, expressed in
PTB, may be mediated independently by inflammation and
weight loss (18). Generally, the host inflammatory response
may have large influence on a decrease of leptin production
which advances proliferation, differentiation, and activation
of hematopoietic cells, leading to the development of
PTB (19). In clinical research, it has been found that serum
leptin level was attentively low in the PTB due to the loss
of body weight, indicating that prolonged inflammation
may further suppress leptin production (20). Additionally,
experimental evidence revealed that a decreased serum
leptin concentration in tuberculosis might suppress cellular
immunity which is essential to fight against Mycobacterium
tuberculosis and therefore aggravate disease outcome (5).
In view of all the mentioned findings, it may be a proper
hypothesis that alteration in the serum leptin level may
correlate with the accelerated development and the poor
prognosis of PTB (18,21). Nevertheless, some opposite
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evidence demonstrated that altered serum leptin level may
has no responsibility for the weight loss and anorexia,
and may be not associated with PTB infection (20,22).
Consequently, the study conducted a systematic review and
meta-analysis to find the possible relationship of serum
leptin level with the pathogenesis of PTB.

Methods
Literature search

We performed a comprehensive computer literature search
to identify relevant articles. The PubMed database were
searched for relevant studies from the inception to October,
2016 by the use of the medical subject headings (MESH)
“tuberculosis, Leptin” supplemented by the keywords that
we identified as being synonymous with tuberculosis and
leptin. Studies selected into this meta-analysis should be
case-control studies investigating the association between
serum leptin levels and the risk of PTB. Additionally, if
the same author published more than one studies based
on the same case series, we will select the study of most
recent publication or with the largest sample size. Any
disagreement was settled by discussion and subsequently
consensus with the authors.

Quality assessment

The quality assessment of each study was carried out
independently by two authors. Quality appraisal of
quantitative and qualitative studies was carried out using
Critical Appraisal Skills Programme (CASP) scale. The
checklists from the CASP were used to assess and assign a
quality score (http://www.casp-uk.net/). Any disagreement
regarding the quality of the study were resolved after
discussion, and referred to a third author, if necessary.

Statistical analysis

The STATA version 12.0 statistical software (Stata Corp,
College Station, TX, USA) was employed to deal with
quantitative data. A fixed or random effect model was
used to measure the standardized mean difference (SMD)
and its 95% confidence intervals (CIs). The significance
of the pooled estimate was made using the Z test.
Cochran’s Q-statistic was applied to estimate the degree of
heterogeneity among studies, and if P<0.05, is considered
to be statistical significant (23). The I’ test was also used
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Figure 1 The PRISMA flow diagram of study selection for this meta-analysis.

to quantify the heterogeneity (range from 0 to 100%) (24).
Random-effect model (DerSimonian Laird method) was
used when a significant Q-test with P<0.05 or I’>50%.
Fixed-effects model (Mantel-Haenszel method) was adopted
when there was no statistical heterogeneity. Subgroup
analyses were performed based on country and detection
method in order to explore the potential sources of
heterogeneity. To evaluate the influence of individual study
on overall estimate, we performed a sensitivity analysis by
omitting each study in turn. Funnel plot were constructed
to evaluate whether publication bias might influence the
validity of the estimates. The symmetry of the Funnel
plot was further investigated by Egger’s linear regression
test (25). All tests were two-sided and a P value of <0.05 was
considered statistically significant.

Results
Baseline characteristics of included studies

The PRISMA flow diagram of study selection for this
meta-analysis was shown in Figure 1. A total of 67 articles
associated with the searched keywords were identified at
first. Of these articles, 31 were excluded based on the titles
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and key words; the full text of 36 was obtained and another
24 papers were eliminated after reviewing the abstract and
full text. Eventually, 12 studies met our inclusion criteria
were enrolled in this meta-analysis (5,18,20-22,26-32).
These 12 case-control studies included 332 PTB patients
and 292 healthy controls. Overall, 9 studies were conducted
among Asians, and the remaining 3 studies were performed
among Caucasians. Enzyme-linked immunosorbent assay
(ELISA) and radioimmunoassay (RIA) methods were
implemented for the detection of serum leptin levels.
Table 1 showed the baseline characteristics of all eligible
studies, and the quality assessment of all eligible studies was
illustrated in Figure 2. In the figure, the blue color means
the study was accorded with the criterion; the yellow color
indicates that the study does not conform to the criterion;
and the red color represents unclear.

The main results of this meta-analysis

The heterogeneity was significantly observed (I’=96.7%,
P<0.001); thereby the random effects model was carried
out. The pooled estimate indicated that the serum leptin
levels of healthy controls were markedly higher than those
of PTB patients (SMD =0.70, 95% CI =0.51-0.89, P<0.001)
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Figure 2 The quality assessment of all eligible studies according to CASP scale. CASP, Critical Appraisal Skills Programme.

(Figure 3). After treatment, P'TB patients had elevated serum
leptin levels (SMD =0.72, 95% CI =0.43-1.01, P<0.001)
(Figure 4). Stratified analysis based on ethnicity presented
that down-regulated serum leptin levels were significantly
associated with the development of PTB among both Asians
and Caucasians (Asians: SMD =0.38, 95% CI =0.15-0.61,
P=0.001; Caucasians: SMD =1.54, 95% CI =1.17-1.91,
P<0.001) (Figure 5). Further, subgroup analysis based on
the detecting method showed that there was an association
between the serum leptin levels and the development of
PTB in both ELISA subgroup and RIA subgroup (ELISA:
SMD =1.03, 95% CI =0.81-1.26, P<0.001; RIA: SMD
=-0.41,95% CI =-0.82 to ~0.01, P=0.045) (Figure 5).

We further carried out sensitivity analysis to evaluate
whether the review conclusions were influenced by the
choice of an individual study. The finding indicated that
no individual study obviously influenced the pooled SMDs
in this meta-analysis (Figure 6). Publication bias on the
differences of serum leptin levels between PTB patients
and healthy controls was also conducted; the funnel plot
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paralleled a symmetrical, inverted funnel, suggesting the
absence of the publication bias (Figure 7). Egger’s regression

test also showed no statistical evidence of publication bias
(t=-0.58, P=0.577).

Discussion

PTB is highly common worldwide disease, and patient
with PTB often suffers from the problems of anorexia and
malnutrition. Leptin has been reported to be acted as a
crucial role in the hormonal control of energy balance for
human bodies (33). In the present meta-analysis, we aimed
to investigate the associations of serum leptin levels with
the pathogenesis of PTB. Our findings revealed that serum
level of leptin was significantly lower in PTB patients as
compared to the healthy controls, implying that down-
regulated serum leptin levels may be implicated in the
pathogenesis of PTB. Leptin is an important satiety factor
which regulating the body weight by suppressing appetite
and stimulating energy metabolism, and serum leptin levels

7 Thorac Dis 2018;10(2):1027-1036
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Figure 3 Forest plot of the difference in serum leptin levels between pulmonary tuberculosis patients and healthy controls.
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Figure 4 Forest plot of the difference in serum leptin levels between post-treatment and pretreatment in pulmonary tuberculosis patients.

SMD, standardized mean difference.

in adipocytes may firmly relate to the proportion of body fat
stores (34). Mainly produced by white adipose tissue, serum
leptin levels were significantly associated with body fat
mass as well as adipocyte size, and serum leptin levels were
changed by nutritional status of individuals, decreasing with
starvation and increasing with obesity (35). Further, down-
regulated serum leptin levels might be one underlying
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mechanism of the loss of body weight which is induced
by acute inflammatory conditions, and also the prolonged
inflammation may further restrain the production of
leptin (27). As we all known, patients with PTB often suffer
from severe weight loss, probably caused by the production
of inflammatory mediators in PTB development (26).
And also, massive production of inflammatory mediators
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Figure 5 Stratified analysis for the difference in serum leptin levels between pulmonary tuberculosis patients and healthy controls.
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may lead to the suppression of leptin production in the
progression of PTB (36). In this regard, it is reasonably
suspected that the patients with tuberculosis infection may
be associated with down-regulated serum concentrations
of leptin. Santucci ez 4/. have demonstrated that there was
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a positively correlation between the body mass index and
serum leptin levels in PTB patients, and the leptin serum
level was decreased with the increasing disease severity
of PTB (30). Herlina and his colleagues have found that
the PTB patients had lower body mass index and down-
regulated circulating leptin levels as compared to the
healthy adults, and indicated that down-regulated leptin
levels due to the loss of body weight may lead to the
reduction of leptin production, which may be correlated
with the progression of PTB (5). Yurt et 4. have also proved
that PTB patients were related to lower leptin levels and
also implied that a catabolic/anabolic imbalance may be
associated with the down-regulated leptin levels which
may induce the development of PTB (27). In this study,
we propose that the down-regulated serum leptin levels
may be connected with the development of PTB, which
corroborates with the results of previous studies on adult
PTB development.

We also performed stratified analyses on the basis of
ethnicity in order to explore the influence of potential
factors on the correlations between serum leptin levels
and PTB. Our results showed that lower serum leptin
levels were significantly correlated with PTB development
among Caucasians and Asian, suggesting that ethnicity

F Thorac Dis 2018;10(2):1027-1036



Journal of Thoracic Disease, Vol 10, No 2 February 2018

differences may not be the potential heterogeneity resource
of this outcome. Further, subgroups analysis based on the
detecting method showed that there was an association
between the serum leptin levels and the progression of PTB
in both ELISA subgroup and RIA subgroup. Generally,
our results are in line with previous studies and documents
that serum leptin levels were significantly down-regulated
in PTB patients, revealing that lower serum leptin levels
may be associated with in the pathology process of PTB
and the occurrence of malnutrition, and may be utilized as a
potential biomarker of the nutritional state of PTB patients,
and assess the clinical treatment response to patients with
PTB.

In conclusion, our present findings suggest that
decreased serum leptin levels may be associated with the
pathogenesis of PTB. Consequently, serum leptin level
could be a key and valuable biomarker for predicting the
development and progression of PTB. Nevertheless, due
to the small sample size of this study, more researches
with larger sample size and more comprehensive data are
necessary for the acquirement of a statistical analysis with

general applicability.
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