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Altered Systemic Adipokine Levels in Pulmonary Tuberculosis and Changes following Treatment
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Abstract. Pulmonary tuberculosis (PTB) is associatedwithmodulationof levels of adipokines, specifically adiponectin
and leptin, but the effect of standard antituberculosis treatment (ATT) on the systemic levels of adiponectin, resistin, and
leptin has not been well explored. To identify the association of adipokines with PTB and their relationship with disease
severity andbacterial burden,wemeasured the levels of adiponectin, resistin, and leptin in PTB individuals and compared
them with latent tuberculosis (LTB) and healthy control (HC) individuals. Pulmonary tuberculosis was characterized by
diminished circulating levels of adiponectin and leptin and heightened circulating levels of resistin in comparison to that in
LTB and HC individuals. However, PTB with bilateral or cavitary disease did not exhibit any increased systemic levels of
these adipokines in comparison with those with unilateral or non-cavitary disease, respectively. In addition, none of the
adipokines exhibited a positive correlation with bacterial burdens, but adiponectin alone exhibited a negative correlation
with bodymass index in PTB individuals. Finally, on successful completion of ATT, PTB individuals exhibited significantly
increased levels of adiponectin and leptin and significantly decreased levels of resistin. Therefore, our data identify an
important association of systemic adipokine levels with PTB disease and its alteration following ATT.

INTRODUCTION

Adipokines are cytokines secreted predominantly by the
adipose tissue. The most well-studied adipokines are
adiponectin, resistin, and leptin. Adipokines can function
as hormones to control energy homeostasis and to stabi-
lize endocrine function and also as cytokines to influence
immune functions and inflammatory processes.1 Adiponectin,
leptin, and resistin are thought to provide an important link be-
tween insulin resistance and related inflammatory disorders.2–6

Adiponectin and leptin function in a hormone-like manner and
have many of the features of conventional cytokines, and there
is escalating evidence that they are involved in many diseases
and, under certain circumstances, might cross-regulate each
other.1

Adiponectin is an adipokine with both pro- and anti-
inflammatory effects on the immune system.7 It can not only
inhibit adhesion molecules and the release of certain pro-
inflammatory cytokines but can also program pro-inflammatory
effects inmacrophagesandactasanenhancerof inflammation.8

Resistin is known to be induced in various inflammatory dis-
orders and can exert potent pro-inflammatory effects.9 Stud-
ies havealso revealed that leptin is an immunesystem regulator
in addition to its effect on food intake.10,11 Leptin has a dual role
in inflammation. It not only activates monocytes/macrophages
to release pro-inflammatory cytokines, but can also exert an
anti-inflammatory effect by its ability to induce IL-4 and IL-
1Ra.12 Plasma levels of leptin can be altered in disease states
associated with malnutrition.13

Low plasma leptin and high adiponectin levels are associ-
atedwithwasting and inflammation in pulmonary tuberculosis
(PTB).14,15 In addition, resistin has been postulated to serve as
a surrogate biomarker for PTB.16 Because these adipokines
are intimately associated with the disease process in PTB and
are known to affect host immunity, we hypothesized that PTB

would be associated with changes in systemic levels and that
antituberculosis treatment (ATT) would modify the levels.
Therefore, we examined circulating levels of adipokines in the
plasmaof individualswith PTBandcompared themwith latent
tuberculosis (LTB) or healthy control (HC) individuals. We also
determined the relationship of adipokines with the extent and
severity of PTB. We also examined the changes in adipokine
levels following standard ATT in PTB.

MATERIALS AND METHODS

Ethicsstatement.All individualswere examined as part of
a clinical protocol approved by the Institutional Review
Board of the National Institute of Research in Tuberculosis
(NCT01154959), and informed written consent was obtained
from all participants.
Studypopulation.Westudiedagroupof 44 individualswith

active PTB, 44 individuals with LTB, and 44 HC individuals.
The demographics of the study population are shown in
Table 1. Individuals with pulmonary tuberculosis (TB) were
diagnosed on the basis of positive culture forMycobacterium
tuberculosis (Mtb) on Lowenstein–Jensenmedium. Theywere
classified as having unilateral or bilateral lung disease and
cavitary or non-cavitary disease based on radiological find-
ings. Sputum smear grades were determined by sputum mi-
croscopy and graded as 0, 1+, 2+, and 3+, with zero being no
bacteria in microscopy and 3+ the maximum number of bac-
teria. All PTB individuals were newly diagnosed, drug-
sensitive patients and not re-treatment or multi-drug
resistant cases, as determined by culture and drug sensitivity
tests. Chest X-rayswere read by two different radiologists and
consenus opinion was obtained. Pretreatment samples were
collected before the commencement of therapy. Standard
ATT was administered to PTB individuals using the directly
observed treatment, short course strategy. At 6 months fol-
lowing ATT initiation, fresh plasma samples were obtained. All
PTB individualswere culture negative at the endofATT. Latent
infection was diagnosed on the basis of being positive in the
Quantiferon-TB Gold in Tube (Cellestis) assay that measures
the release of interferon (IFN) gamma after stimulation in vitro
by Mtb antigens such as ESAT-6, CFP-10, and TB7.7. The
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result is described as quantification of IFNγ in international
units (IUs) per mL. An individual is measured positive for Mtb
infection if the IFNγ response to TBantigens is greater than the
test cut-off (>0.35 IU after subtracting the background IFNγ
response in the negative control), but with an absence of
pulmonary symptoms coexisting with a normal chest radio-
graph. Healthy control individuals were Quantiferon-TB Gold
in Tube negative, and had no pulmonary symptoms and a
normal chest radiograph. All the individuals were HIV neg-
ative and nondiabetic and non-prediabetic. All individuals
were antituberculous treatment naı̈ve. Anthropometric
measurements, including height, weight, and body mass
index (BMI), and biochemical parameters, including plasma
glucose and HbA1c, were obtained using standardized
techniques as detailed elsewhere.17 Sample sizes were
based on convenient sampling.
Enzyme linked immunosorbent assay (ELISA). Plasma

wascollected in heparin sodium tubes andafter centrifugation
stored at −80�C. Adipokines were measured using ELISA kits
from R&D Systems. All assays were run in duplicates. The
lower limits of detection were as follows: adiponectin, 3,654
pg/mL; leptin, 1,476 pg/mL; and resistin, 197 pg/mL.
Statistical analysis. Geometric means (GM) were used for

measurements of central tendency. Statistically significant
differences between three groups were analyzed by the
Kruskal–Wallis with Dunn’s post hoc test and between two
groups were analyzed using the nonparametric Mann–
Whitney U test with Holm’s correction for multiple compari-
sons. Correlations were calculated using Spearman rank
correlation or using linear trend post hoc analysis. Changes
following ATTwere calculated using theWilcoxon signed rank

test. Analyses were performed using GraphPad PRISM ver-
sion 5.01.

RESULTS

Diminished levels of adiponectin and leptin andelevated
levels of resistin inPTB.Todetermine the circulating levels of
adipokines in PTB, we measured the circulating levels of
adiponectin, resistin, and leptin in PTB and compared them
with LTB and HC individuals. As shown in Figure 1, PTB in-
dividuals exhibited significantly diminished levels of adipo-
nectin and leptin and significantly elevated levels of resistin in
comparison to LTB and HC individuals. Thus, PTB is associ-
ated with modulation in the levels of adipokines.
Adipokine levels in PTB do not reflect disease extent

or severity. To determine the relationship of adipokines with
disease extent in PTB, wemeasured the levels of adiponectin,
resistin, and leptin in PTB individuals with unilateral lung dis-
ease and compared them with those with bilateral disease.
As shown in Figure 2A, there were no significant differences in
the levels of adiponectin, resistin, or leptin between the two
groups of PTB individuals. To determine the relationship of
adipokines with disease severity in PTB, we measured the
levels of adiponectin, resistin, and leptin in PTB individuals
with cavitary disease and compared them with those without
cavitary disease. As shown in Figure 2B, there were no sig-
nificant differences in the levels of adiponectin, resistin, or
leptin between the two groups of PTB individuals. Thus, adi-
pokine levels in PTB do not reflect disease extent or severity.
Adipokine levels in PTBdonot reflect bacterial burdens,

but adiponectin exhibits a negative relationship with BMI.

TABLE 1
Demographics of the study population

Study demographics Pulmonary tuberculosis Latent tuberculosis Healthy control

No. of subjects recruited 44 44 44
Gender (male/female) 36/8 22/22 19/25
Median age (range) 40 (19–54) 36 (22–65) 36 (21–58)
Median height, cm (range) 163 (147–182) 163 (146–175) 162 (143–179)
Median weight, kg (range) 45 (33–68) 59 (37–80) 61 (41–95)
Median body mass index (range) 17 (13–22) 23 (17–34) 24 (16–37)

FIGURE 1. Altered systemic levels of adipokines in pulmonary tuberculosis (PTB). The plasma levels of adiponectin, resistin, and leptin were
measuredbyusingELISA inPTB (N=44), latent tuberculosis (LTB) (N=44), andhealthy control (HC) (N=44) individuals. Thedataare representedas
scatter plots with each circle representing a single individual and the line representing the geometric mean. P values were calculated using the
Kruskal–Wallis test (*P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001).
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To determine the relationship of adipokines with bacterial
burdens in PTB, we examined the correlation of the levels of
adiponectin, resistin, and leptin in PTB individuals with smear
grades as determined by sputum smear microscopy. As
shown in Figure 3A, there were no significant correlations in
the levels of adiponectin, resistin, or leptin with smear grades
of PTB individuals. Thus, adipokine levels did not exhibit any
significant association with bacterial burdens in PTB in our
study.
Todetermine the relationship of adipokineswithBMI inPTB,

we examined the correlation of the levels of adiponectin,
resistin, and leptin with BMI. As shown in Figure 3B, only
adiponectin exhibited a significant negative correlation with
BMI. Thus, adiponectin is negatively associated with BMI in
PTB individuals.
Effect ofATTonadipokine levels inPTB.Todetermine the

effect of ATT on adipokine levels in PTB, we measured the
circulating levels of adiponectin, resistin, and leptin in PTB
before (pre-T) and at the end of ATT (post-T). As shown in
Figure 4, PTB individuals exhibited significantly increased
levels of adiponectin and leptin and significantly decreased

levels of resistin at post-T compared with pre-T values. Thus,
ATT reverses (at least partially) the modulation of adipokines
in PTB individuals.

DISCUSSION

Adiponectin is an adipokine secreted only by the adipose
tissue and acts by improving insulin sensitivity and glucose
metabolism.18 Adiponectin can suppress the secretion of type
1 cytokines and is a negative regulator of T cells.19 Previous
studies have documented increased levels of adiponectin in
PTB individuals and its association with low BMI.15,20 In ad-
dition, we have previously demonstrated modulation of adi-
ponectin levels in TB—diabetes comorbidity. Our present
study followed up on these observations and described the
diminished levels of adiponectin in PTB individuals. However,
these results are in contrast to previous reports and could
potentially reflect the effect of gender or ethnicity of our
population or other bacterial factors. Our study also demon-
strated a lack of association between disease severity or ex-
tent and bacterial burdens with systemic adiponectin levels in

FIGURE 2. Adipokines do not reflect disease extent or severity in pulmonary tuberculosis (PTB). (A) The plasma levels of adiponectin, resistin, and
leptin were measured in PTB individuals with unilateral or bilateral lung involvement. (B) The plasma levels of adiponectin, resistin, and leptin were
measured in PTB individuals with cavitary or non-cavitary disease. The data are represented as scatter plots with each circle representing a single
individual and the line representing the geometric mean. P values were calculated using the Mann–Whitney U test.
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these individuals, although larger sample sizes are needed to
confirm this finding. In addition, we also corroborated the
negative correlation between adiponectin and BMI in PTB
individuals. Finally, our study also confirmed previous reports
on the increased levels of adiponectin post-TB treatment.15

Resistin is an adipokine that is secreted by adipose tissue
in mice and monocytes/macrophages in humans.18 It is

implicated in glucose metabolism and gluconeogenesis.18

Resistin has also been found to be expressed at elevated
levels in PTB individuals previously,21 and interestingly, the
mRNA for resistin was part of a transcriptional signature
to discriminate active TB from latent infection.22 Our data
showed that resistin levelswere indeed significantly increased
in PTB individuals compared with the other two groups.

FIGURE 3. Relationship between adipokines and bacterial burden or body mass index (BMI). (A) Correlation between adipokines and bacterial
burdens in pulmonary tuberculosis (PTB) individuals. (B) Correlation between adipokines and BMI levels in PTB individuals. The relationship
between the plasma levels of adiponectin, resistin, and leptin and bacterial burdens or BMI was examined in PTB (N = 44) individuals. The data are
represented as scatter plots with each circle representing a single individual and the line represents the linear curve fit. P values were calculated
using the linear trend analysis or Spearman rank correlation.

FIGURE 4. Changes in adipokine levels in pulmonary tuberculosis (PTB) following antituberculosis treatment (ATT). The plasma levels of adi-
ponectin, resistin, and leptin inPTB (N=44) individualsbefore (pre-T) andafter (post-T) standardATT. Thedataare representedas linediagramswith
each line representing a single individual. P values were calculated using the Wilcoxon signed rank test.
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However, like the other adipokines studied, systemic resistin
levels did not exhibit any association with either disease
severity/extent or bacterial burdens. In addition, resistin levels
did not correlate with BMI in PTB individuals. Finally, similar to
a previous report,21 resistin levels were significantly di-
minished following treatment of PTB individuals.
Leptin is an adipokine secreted predominantly by white

adipose tissue and regulates energy intake, expenditure, and
feeding behavior.18 It is also known to regulate storage of fat
and insulin signaling.18 Previous studies have shown that
leptin concentrations are low in PTB individuals20 and that low
leptin levels are associated with wasting and weight loss.23

Our study provided further corroboration of this finding and
demonstrated that leptin levels were significantly diminished
in PTB individuals in comparison with both LTB and HC indi-
viduals. Our study also demonstrated that leptin levels in the
circulation did not reflect either disease extent/severity or
bacterial burden in PTB. There are conflicting reports on the
relationship between leptin and BMI with one study showing a
positive correlation20 and another study showing no significant
correlation.24 Our study showed no significant relationship be-
tween leptin and BMI in our group of PTB individuals. Studies in
animal models have shown an important role for leptin in host
resistance against Mtb by the induction of Th1 cytokine re-
sponses.25 Our data on the diminished levels of leptin, therefore,
suggest that decreased leptin levels couldbeapotential factor in
the pathogenesis of TB disease in PTB individuals. Similarly,
previous reports have also found that ATT is associated with
increased systemic levels of leptin in PTB individuals.26–28 Our
data confirmed and extended these results and demonstrated
that successful completion of ATT (and consequent cure of TB)
was associated with elevated levels of leptin.
We have performed a comprehensive evaluation of three

adipokines in PTB individuals from South India. We have not
performedmultivariate analysis on our data and hence cannot
rule out an effect of gender on the levels of adipokines in our
study. Our study has several limitations including the small
sample size, the lack of multivariate analysis, being de-
scriptive, and not being able to account for all the confounding
factors. However, our data reinforced previous findings and
suggested an important association of adiponectin, resistin,
and leptin with the pathogenesis of TB disease. Our data also
clearly delineated an important effect of ATTon the restoration
of normal levels of adipokines in PTB. Thus, our data further
highlight the recent findings on the important nexus between
TB and metabolic function in the host immune response. Fu-
ture studies evaluating the role of these adipokines in modi-
fying host immune responses could perhaps lead to important
insights on the role of these cytokines in immunity to TB.
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