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Abstract

Background—Tuberculosis-diabetes co-morbidity (TB-DM) is characterized by increased 

inflammation with elevated circulating levels of inflammatory cytokines and other factors. 

Circulating angiogenic factors are intricately involved in the angiogenesis-inflammation nexus.

Methods—To study the association of angiogenic factors with TB-DM, we examined the 

systemic levels of VEGF-A, VEGF-C, VEGF-D, VEGF-R1, VEGF-R2, VEGF-R3 in individuals 

with either TB-DM (n=44) or TB alone (n=44).

Results—Circulating levels of VEGF-A, C, D, R1, R2 and R3 were significantly higher in TB-

DM compared to TB individuals. Moreover, the levels of VEGF-A, C, R2 and/or R3 were 

significantly higher in TB-DM with bilateral or cavitary disease or with hemoptysis, suggesing an 

association with both disease severity and adverse clinical presentation. The levels of these factors 

also exhibited a significant positive relationship with bacterial burdens and HbA1c levels. In 

addition, VEGF-A, C and R2 levels were signifantly higher (at 2 months of treatment) in culture 

positive compared to culture negative TB-DM individuals. Finally, the circulating levels of VEGF-

A, C, D, R1, R2 and R3 were significantly reduced following successful chemotherapy at 6 

months.
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Conclusion—Our data demonstrate that TB-DM is associated with heightened levels of 

circulating angiogenic factors, possibly reflecting both dysregulated angiogenesis and exaggerated 

inflammation.

Keywords

Tuberculosis; Diabetes; Angiogenesis; Biomarkers

INTRODUCTION

Diabetes mellitus (DM) increases the risk of pulmonary tuberculosis (TB) by 2 to 3 fold and 

is associated with greater odds of cavitary disease, positive sputum smear, delayed sputum 

conversion, treatment failure, relapse and death [1, 2]. TB-DM co-morbidity is now a 

common occurrence in most low and middle income countries endemic for TB and serves as 

the major impediment in the elimination of TB worldwide [3]. The pathogenesis of TB-DM 

co-morbidity is not completely understood, but chronic inflammation appears to be the 

central underlying pathogenic feature [4, 5]. In addition, dysregulated angiogenesis also 

appears to be a major characteristic of TB and DM independently [6, 7]. Angiogenesis is 

typically regulated by the vascular endothelial growth family members, which includes 

VEGF-A, VEGF-B, VEGF-C and VEGF-D [8]. These factors bind with differing 

specificities to three mostly endothelial receptors - VEGF-R1, VEGF-R2 and VEGF-R3 to 

stimulate angiogenic processes [9].

Previous studies have demonstrated that elevated levels of VEGF-A is a characteristic 

feature of TB and that VEGF-A serves as an important biomarker distinguishing active 

disease from latent infection [7, 10–14]. In addition, we have recently shown that VEGF-A, 

VEGF-C and VEGF-R2 are all accurate biomarkers of disease severity, bacterial burden and 

response to treatment in pulmonary TB [15]. It has also been reported that interference with 

angiogenic or lymphangiogenic pathways in experimental models of mycobacterial infection 

results in significantly improved treatment outcomes as well as diminished mycobacterial 

growth [16, 17]. In addition, angiogenesis plays a prominent role in the pathogenesis of DM 

and its complications [6]. A paradoxical feature of DM pathogenesis appears to be that 

vascular impairment (or diminished angiogenesis) and excessive angiogenesis can co-exist 

in different organs of the same host [18].

Since angiogenesis and inflammation are intricately linked and are independent 

characteristics of TB and DM, we postulated that TB-DM would also be associated with 

heightened levels of systemic angiogenic factors. To this end, we examined the circulating 

levels of these angiogenic factors in individuals with TB-DM in comparison to TB alone. 

Our data reveal a significant elevation of all circulating angiogenic factors in TB-DM and a 

significant association of VEGF-A, VEGF-C and VEGF-R2 with disease severity, adverse 

clinical presentation, bacterial burden and poor glycemic control. Our data also suggest that 

the factors mentioned above could serve as accurate biomarkers for monitoring therapeutic 

responses in TB-DM.
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MATERIALS AND METHODS

Ethics statement

This study was approved by the Ethics Committees of the Prof. M. Viswanathan Diabetes 

Research Center and NIRT. Informed consent was obtained from all participants.

Study population

Plasma samples were collected from 44 individuals with active pulmonary TB and diabetes 

mellitus (TB-DM) and 44 individuals with pulmonary TB and no diabetes (TB). These 

individuals were a subset of individuals recruited for the "Effects of Diabetes on 

Tuberculosis Severity" study presently underway at the Prof. M. Viswanathan Diabetes 

Research Center and the National Institute for Research in Tuberculosis [19]. Consecutively 

enrolled individuals were recruited for this study. The baseline demographic characteristics 

of the study population are shown in Table 1. PTB was diagnosed on the basis of sputum 

smear and culture positivity. Chest X-rays were used to determine cavitary disease as well as 

unilateral versus bilateral involvement. Smear grades were used to determine bacterial 

burdens and classified as 1+, 2+ and 3+. At the time of enrollment, all active TB cases had 

no record of prior TB disease. DM was diagnosed on the basis of oral glucose tolerance test 

and/or glycated hemoglobin (HbA1c) levels (for known diabetics), according to the WHO 

criteria. The DM individuals were a combination of known DM (n=34) and newly diagnosed 

DM (n=10). All the individuals were HIV seronegative and anti-tuberculous treatment naïve. 

Anthropometric measurements, hematological and biochemical parameters were obtained 

using standardized techniques as detailed elsewhere. All individuals had pan-sensitive 

Mycobacterium tuberculosis on sputum culture at enrollment and all received standard 

tuberculosis treatment (Directly Observed Treatment Short Course - DOTS with isoniazid, 

rifampicin, pyrazinamide and ethambutol for 2 months, followed by isoniazid and rifampicin 

for 4 months). All individuals were smear and culture negative at the end of 6 months of 

therapy (Table 1). Blood samples were collected at baseline, 2 months and 6 months of anti-

TB treatment (ATT). These PTB individuals are different from the individuals described in 

our previous study [15].

ELISA

Circulating levels of VEGF-A, VEGF-C, VEGF-R1, VEGF-R2 and VEGF-R3 were 

measured using the Duoset ELISA Development System (R&D Systems). Quantikine 

ELISA kit (R&D Systems) was used for measuring VEGF-D. The lowest detection limits 

were as follows: VEGF-A, 31.25 pg/ml; VEGF-C, 62.5 pg/ml; VEGF-D, 62.5 pg/ml; 

VEGF-R1, 125 pg/ml; VEGF-R2, 31.25 pg/ml; VEGF-R3, 156.25 pg/ml.

Statistical Analysis

Geometric means (GM) were used for measurements of central tendency. Statistically 

significant differences between the two groups were analyzed using the Mann-Whitney test 

with Holm's correction for multiple comparisons. Linear trend post-test was used to compare 

angiogenic factor concentrations with smear grades (reflecting bacterial burdens) and 

Spearman rank correlation was used to compare angiogenic factor concentrations with 
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HbA1c levels. Wilcoxon signed rank test was used to compare angiogenic factor 

concentrations before, during and after ATT. Analyses were performed using GraphPad 

PRISM Version 5.01.

RESULTS

Study population characteristics

The baseline characteristics including demographic and biochemical features of the study 

population are shown in Table I. As can be seen, compared to subjects without diabetes 

(TB), those with diabetes and TB (TB-DM) had significantly higher levels of fasting and 

post-prandial glucose, glycated hemoglobin, serum cholesterol, VLDL, LDL, triglycerides, 

total bilirubin and alkaline phosphatase. No significant differences were observed in age, 

sex, BMI, smear or culture grades at baseline between the 2 groups (Table 1). In addition, 

the smear and culture grades at baseline and at 2 and 6 months of ATT; and the levels of 

HbA1c at baseline and 6 months of TB-DM individuals are shown in Table 2. No significant 

differences were observed in HbA1c levels before and after ATT in TB-DM individuals.

Heightened levels of circulating angiogenic factors in TB-DM

To determine the systemic levels of circulating angiogenic factors in TB-DM and TB, we 

measured the circulating levels of VEGF-A, C, D, R1, R2 and R3 in TB-DM and TB 

individuals (Figure 1). As shown, the systemic levels of VEGF-A (Geometric Mean of 0.39 

ng/ml in TB-DM versus 0.23 ng/ml in TB), VEGF-C (GM of 1.3 ng/ml in TB-DM versus 

0.80 ng/ml in TB) and VEGF-D (GM of 3.5 ng/ml in TB-DM versus 2.2 ng/ml in TB) were 

significantly higher in TB-DM compared to TB individuals. Similarly, the circulating levels 

of VEGF-R1 (GM of 11.11 ng/ml in TB-DM versus 3.92 ng/ml in TB), VEGF-R2 (GM of 

84.8 ng/ml in TB-DM versus 33.9 ng/ml in TB) and VEGF-R3 (GM of 20.2 ng/ml in TB-

DM versus 15.2 ng/ml in TB) were significantly higher in TB-DM compared to TB 

individuals. Thus, TB-DM is associated with elevated systemic levels of circulating 

angiogenic factors.

Circulating angiogenic factors are markers of disease severity in TB-DM

We have previously shown an association between circulating angiogenic factors and disease 

severity in TB individuals [15]. To determine the association between the systemic levels of 

circulating angiogenic factors and disease severity in TB-DM, we measured the circulating 

levels of VEGF-A, C, D, R1, R2 and R3 in TB-DM individuals with cavitary versus non-

cavitary disease, unilateral versus bilateral disease and those with or without hemoptysis 

(Figure 2). As shown in Figure 2A, the systemic levels of VEGF-A (GM of 0.88 ng/ml in 

cavitary vs. 0.16 ng/ml in non-cavitary disease), VEGF-C (GM of 2.2 ng/ml vs. 0.84 ng/ml), 

VEGF-R2 (GM of 108.4 ng/ml vs. 55.4 ng/ml) and VEGF-R3 (GM of 14.6 ng/ml vs. 19.4 

ng/ml) were significantly higher in TB-DM individuals with cavitary disease compared to 

those without. Similarly, as shown in Figure 2B, the circulating levels of VEGF-A (GM of 

0.85 ng/ml in bilateral vs. 0.11 ng/ml in unilateral disease), VEGF-C (GM of 3.0 ng/ml vs. 

0.77 ng/ml), VEGF-D (GM of 4.9 ng/ml vs. 2.6 ng/ml), VEGF-R2 (GM of 123.1 ng/ml vs. 

43.7 ng/ml) and VEGF-R3 (GM of 24.3 ng/ml vs. 14.7 ng/ml) were significantly higher in 

TB-DM individuals with bilateral disease compared to those with unilateral disease. Finally, 
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as shown in Figure 2C, the circulating levels of VEGF-A (GM of 0.43 ng/ml in TB-DM with 

hemoptysis vs. 0.14 ng/ml in TB-DM without hemoptysis), VEGF-C (GM of 2.1 ng/ml vs. 

0.94 ng/ml) and VEGF-R2 (GM of 121.8 ng/ml vs. 70.3 ng/ml) were significantly higher in 

TB-DM individuals with hemoptysis compared to those without, suggesting a possible link 

between dysregulated angiogenesis and increased risk of hemorrhage from pulmonary TB 

lesions. Thus, disease severity and adverse clinical presentation in TB-DM is associated with 

elevated systemic levels of circulating angiogenic factors.

Circulating angiogenic factors are markers of bacterial burdens and exhibit a positive 
relationship with HbA1c levels in TB-DM

We have previously shown an association between circulating angiogenic factors and 

bacterial burdens in TB individuals [15]. To determine the association between the systemic 

levels of circulating angiogenic factors and bacterial burden in TB-DM, we correlated the 

circulating levels of VEGF-A, C, D, R1, R2 and R3 in TB-DM individuals with smear grade 

classified as 1+, 2+ and 3+ (Figure 3A). As shown, the systemic levels of VEGF-A, VEGF-

C and VEGF-R2 exhibited a significant positive correlation with smear grades in TB-DM 

individuals, indicating a positive association of these factors with bacterial burdens.

To determine the association between systemic levels of circulating angiogenic factors and 

glycemic control in TB-DM, we correlated the circulating levels of VEGF-A, C, D, R1, R2 

and R3 in TB-DM individuals with HbA1c levels at baseline (Figure 3B). As shown, the 

systemic levels of VEGF-A, VEGF-C, VEGF-D, VEGF-R1, VEGF-R2 and VEGF-R3 

exhibited a significant positive relationship with HbA1c levels in TB-DM individuals, 

indicating a positive association of these factors with poor glycemic control.

Elevated levels of circulating angiogenic factors are associated with delayed sputum 
culture conversion in TB-DM

To determine the association of systemic levels of circulating angiogenic factors with the 

presence of bacteria in sputum cultures, we measured the systemic levels of VEGF-A, C, D, 

R1, R2 and R3 in TB-DM individuals at 2 months of ATT and compared levels in culture 

positive versus culture negative individuals (Figure 4). As shown in Figure 4A, the systemic 

levels of VEGF-A (GM of 0.39 ng/ml in culture positive vs. 0.09 ng/ml in culture negative), 

VEGF-C (GM of 2.2 ng/ml vs. 0.85 ng/ml) and VEGF-D (GM of 5.4 ng/ml vs. 2.6 ng/ml) 

were significantly higher in culture positive TB-DM compared to culture negative TB-DM 

individuals. Similarly, the circulating levels of VEGF-R1 (GM of 11.2 ng/ml vs. 7.6 ng/ml), 

VEGF-R2 (GM of 84.5 ng/ml vs. 39.2 ng/ml) and VEGF-R3 (GM of 18.16 ng/ml vs. 10.58 

ng/ml) were significantly higher in culture positive TB-DM compared to culture negative 

TB-DM individuals. We also performed analysis to determine whether baseline VEGF 

values are significantly different in TB-DM individuals, who would remain culture positive 

at 2 months compared to those who would turn culture negative. As shown in Figure 4B, no 

significant differences in VEGF-A, C, D, R1, R2 and R3 was observed between the two 

groups of TB-DM individuals at baseline, indicating that these factors are not useful 

predictors of delayed sputum culture conversion in TB-DM. Therefore, continued culture 

positivity in TB-DM is associated with elevated systemic levels of circulating angiogenic 

factors.
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Circulating angiogenic factors are significantly diminished following ATT

To determine whether the elevated levels of circulating angiogenic factors are directly 

associated with TB disease, we determined the levels of these factors in TB-DM individuals 

at baseline (BL), at 2 months (PT1) and at the end of 6 months of ATT (PT2). As shown in 

Figure 5, at the end of 2 and 6 months of ATT, the circulating levels of VEGF-A (GM of 

0.39 ng/ml at BL vs. 0.13 ng/ml at PT1 and 0.13 ng/ml at PT2), VEGF-C (GM of 1.4 ng/ml 

at BL vs. 0.99 ng/ml at PT1 and 0.81 ng/ml at PT2) and VEGF-D (GM of 3.38 ng/ml at BL 

vs. 2.11 ng/ml at PT2) were all significantly lower in TB-DM individuals. Similarly, the 

levels of VEGF-R1 (GM of 11.1 ng/ml at BL vs. 7.9 ng/ml at PT1 and 5.1 ng/ml at PT2), 

VEGF-R2 (GM of 88.4 ng/ml at BL vs. 55.4 ng/ml at PT1 and 31.2 ng/ml at PT2) and 

VEGF-R3 (GM of 20.2 ng/ml at BL vs. 12.7 ng/ml at PT1 and 8.4 ng/ml at PT2) were also 

significantly lower at 2 and 6 months of ATT compared to baseline. Thus, successful 

treatment of TB-DM is associated with significantly diminished levels of circulating 

angiogenic factors in PTB.

DISCUSSION

TB-DM is characterized by the presence of an exaggerated inflammatory response with 

augmented levels of circulating inflammatory cytokines and other factors. Thus, individuals 

with TB-DM exhibit elevated systemic levels of Type 1 (IFNγ. TNF-α, IL-2), Type 17 

(IL-17A) and other pro-inflammatory (IL-1β, IL-6 and IL-18) cytokines [20, 21]. This is 

associated with an expansion of pathogen-specific Th1 and Th17 response as well as an 

increased repertoire of cytokine-producing and cytotoxic molecule expression CD8+ T cells 

and NK cells [22, 23]. Similarly, TB-DM is also associated with increased frequencies of 

central memory CD4+ and CD8+ T cells [24]. In addition, plasma levels of inflammatory 

factors, including heme oxygenase-1, tissue inhibitor of matrix metalloproteinase-4, leptin, 

visfatin-1 and platelet activating factor-1 but not acute phase proteins are higher in TB-DM 

compared to TB alone individuals [25, 26], indicating the presence of a pronounced 

inflammatory milieu.

Vascular dysfunction is a major contributor to the pathogenesis of DM and dysregulated 

angiogenesis and endothelial activation are often the main features of diabetic 

complications. Persistent, uncontrolled angiogenesis is a key pathological characteristic of 

the microvascular complications of DM [6]. Moreover, in DM, there are two tissue specific 

paradoxical events in the vasculature with excessive formation of premature blood vessels 

afflicting the retina, while deficiency of small blood vessels in the skin, contributes to 

impaired wound healing [6]. Hence, the use of angiogenic inhibitors is a common treatment 

modality for diabetic retinopathy [27, 28]. Similarly, abnormal angiogenesis and vascular 

dysfunction are also prominent features of active TB and utilization of host-directed 

therapies aimed at inhibition of these pathways has been proposed as an adjunct measure for 

TB treatment [16, 17]. In addition, the chronic inflammation engendered in active TB 

disease has been posited to influence angiogenic and lymphangiogenic activity in different 

models of TB infection [16, 17, 29]. However, the role of circulating angiogenic factors has 

never been explored in detail in TB-DM co-morbidity.
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Our study reveals three salient features in terms of the association of TB-DM and circulating 

angiogenic factors. First, TB-DM is characterized by elevated levels of VEGF-A, C, D and 

their endogenous receptors. Since, we have previously shown that TB per se is characterized 

by enhanced levels of VEGF-A, C and R2 compared to latently infected or not infected 

individuals [15], this result implies that TB-DM is actually associated with super-enhanced 

levels of VEGF family of growth factors. VEGF-A is a known major player in angiogenesis 

and lymphangiogenesis and is induced in response to tissue inflammation, hypoxia and pro-

inflammatory cytokines [30, 31]. VEGF-C and VEGF-D are known to modulate 

lymphangiogenesis via VEGF-R3 signaling [32] and are known to be present at elevated 

levels in diseases associated with pathological lymphangiogenesis. Among the VEGF 

receptors, only two (VEGF-R2 and VEGF-R3) drive angiogenesis, while VEGF-R1 mostly 

acts to restrict the angiogenic response [33]. Although the VEGF receptors are 

predominantly expressed on endothelial cells, soluble forms of VEGF receptors are known 

to be induced in inflammation [9]. Thus, elevated concentrations of VEGF-R2 and R3 reflect 

underlying angiogenesis or lymphangiogenesis, while elevated levels of VEGF-R1 reflect 

suppressed angiogenesis [9]. Our study clearly reveals an important association of TB-DM 

with enhanced levels of all of the above factors. While we have not explored the direct 

implications of this enhancement in terms of actual pathological angiogenesis or 

lymphangiogenesis, the potential inference from these findings is that TB-DM presents with 

a dysregulated angiogenic milieu that possibly reflects both underlying inflammatory 

processes and vascular/endothelial dysfunction.

The second major finding from our study is the interesting relationship of circulating 

angiogenic factors with disease severity and bacterial burden in TB and with poor glycemic 

control in DM. Thus, it appears that (similar to our previous finding in TB) VEGF-A, C, R2 

and R3 are important biomarkers of TB disease severity in the context of TB-DM as well 

[15]. Interestingly, while all the VEGF family members examined exhibited differences 

between TB-DM and TB, only the above mentioned factors were observed to correlate with 

disease severity. This could possibly indicate that all VEGF factors are not necessarily 

markers of TB disease severity and could potentially be related to the presence of DM as 

well. Moreover, the heightened levels of these angiogenic factors appear to be directly 

associated with bacterial burdens. This conclusion was further confirmed by our 2 month 

post-treatment data, where in culture positive TB-DM individuals had significantly elevated 

levels of angiogenic factors compared to culture negative individuals, indicating that delayed 

sputum culture conversion observed in a subset of TB-DM individuals is also associated 

with elevated circulating angiogenic factors. Thus, these circulating angiogenic factors have 

the potential to be reliable biomarkers of treatment success at the completion of therapy. 

However, systemic levels of angiogenic factors at baseline were not predictive of delayed 

sputum culture conversion, since TB-DM individuals who culture converted and those who 

remained positive did not exhibit any significant differences in these levels at baseline. 

Nevertheless, this result also provides evidence for an important association of differential 

VEGF family expression with bacterial burdens, since differences in VEGF family levels 

become manifest only upon reduction (and/or elimination) of bacterial burdens. Finally and 

of interest in the context of DM, it was also observed that poor glycemic control (in terms of 

HbA1c levels) also exhibited a positive correlation with enhanced systemic levels of 
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angiogenic factors. Since we did not test for the presence of DM complications (specifically 

retinopathy), we cannot exclude a confounding effect of microvascular complications 

imposed by DM alone or any effect of treatment of complications (specifically anti-VEGF-A 

therapy) on these findings. Nevertheless, our data clearly suggest that the markers that 

characterize disease severity in TB are also marker of disease severity in DM and reinforce 

the negative role played by the co-morbidity on host physiological processes. In addition, 

our data also suggest that while diabetic complications are associated with pathological 

angiogenesis, the occurrence of active TB in DM individuals could potentially exacerbate 

microvascular complications.

The third and final salient finding from our study is the reversibility of the enhanced levels 

of circulating angiogenic factors. These results clearly delineate the association of active 

bacterial burdens with the increased levels of these angiogenic factors. Also, since 

accumulating evidence indicates that inflammation-associated angiogenesis is actively 

involved in pathophysiology of various inflammatory diseases [34], our data clearly 

implicate inflammation-associated angiogenesis as potential factor driving pathogenesis of 

TB-DM. This is further corroborated by our data on the association of hemoptysis with 

elevated levels of VEGF-A, C and R2 in TB-DM, since hemoptysis typically is more likely 

to occur in TB-DM than TB individuals [35–37]. Our results indicate that elevated levels of 

angiogenic factors could potentially reflect neovascularization in lung lesions and tissue-

destructive immune pathology in TB-DM, leading to increased risk of hemoptysis [38]. 

Also, of interest, we were not able to discern any significant differences in the systemic 

levels of circulating angiogenic factors between known and newly diagnosed DM amongst 

the TB-DM (data not shown), although this might have been influenced by the small number 

of newly diagnosed DM (n=10) in our study. There were no differcnes in the glycemic 

control between the two groups at baseline or end of treatment. While our study is purely 

descriptive in nature and does not prove any cause and effect, it nevertheless provides 

important evidence of association and therefore, the need to explore the role of these factors 

in pathogenesis further.

Our study is the first to systemically explore the association of circulating angiogenic factors 

in TB-DM. Moreover, our findings reinforce the logic of using anti-angiogenic agents as 

host directed therapeutics in TB-DM and suggest that this could benefit the host by limiting 

both bacterial burden and lung pathology [39]. Our previous study [15] along with the data 

in this study demonstrates an important association of TB disease severity with angiogenic 

factors and suggests that TB-DM individuals might be a particularly good target population 

for anti-angiogenic host-directed therapies. In addition, these agents could prove beneficial 

as host adjuncts to reduce the duration of chemotherapy as well as agents reducing the 

incidence of relapse or recurrence. Finally, our study illustrates the complex network 

interlinking the pathogenesis of TB-DM in terms of host physiological disruption.
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Highlights

• Angiogenic factors are associated with disease severity and adverse 

clinical presentation in TB-DM

• The systemic increase in angiogenic factor levels is driven by 

dysglycemia and bacterial burdens
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Figure 1. 
Elevated systemic levels of circulating angiogenic factors in TB-DM individuals. The 

plasma levels of VEGF-A, VEGF-C, VEGF-D, VEGF-R1, VEGF-R2 and VEGF-R3 were 

measured in TB-DM (n=44) and TB (n=44) individuals. The data are represented as scatter 

plots with each circle representing a single individual. P values were calculated using the 

Mann-Whitney test with Holm's correction for multiple comparisons.
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Figure 2. 
Elevated systemic levels of VEGF-A, VEGF-C and VEGF-R2 in cavitary and bilateral 

disease and in TB-DM individuals with hemoptysis. (A) The plasma levels of VEGF-A, C, 

D, VEGF-R1, R2 and R3 were measured in TB-DM individuals with cavitary versus non-

cavitary disease. (B) The plasma levels of VEGF-A, C, D, VEGF-R1, R2 and R3 were 

measured in TB-DM individuals with bilateral versus unilateral disease. (C) The plasma 

levels of VEGF-A, C, D, VEGF-R1, R2 and R3 were measured in TB-DM individuals with 

hemoptysis and compared to those without. The data are represented as scatter plots with 

each circle representing a single individual. P values were calculated using the Mann-

Whitney test with Holm's correction for multiple comparisons.
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Figure 3. 
Positive relationship between systemic levels of angiogenic factors and smear grades as well 

as HbA1c levels in TB-DM individuals. (A) The relationship between the plasma levels of 

VEGF-A, C, D, VEGF-R1, R2 and R3 and smear grades as estimated by sputum smears was 

examined in TB-DM individuals. The data are represented as scatter plots with each circle 

representing a single individual. P values were calculated using linear trend post-test. (B) 

The relationship between the plasma levels of VEGF-A, C, D, VEGF-R1, R2 and R3 and 

HbA1c levels was examined in TB-DM individuals. The data are represented as scatter plots 
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with each circle representing a single individual. P values were calculated using the 

Spearman Rank Correlation.
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Figure 4. 
Elevated systemic levels of circulating angiogenic factors in culture positive TB-DM 

individuals at 2 months of ATT. (A) The plasma levels of VEGF-A, C, D, VEGF-R1, R2 and 

R3 were measured in culture positive (n=15) and culture negative (n=29) TB-DM 

individuals at 2 months of ATT. (B) The baseline plasma levels of VEGF-A, C, D, VEGF-

R1, R2 and R3 were compared in TB-DM individuals who would remain culture positive 

(n=15) or turn culture negative (n=29) at 2 months of ATT. The data are represented as 
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scatter plots with each circle representing a single individual. P values were calculated using 

the Mann-Whitney test with Holm's correction for multiple comparisons.
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Figure 5. 
Diminished systemic levels of angiogenic factors at 2 and 6 months of ATT in TB-DM 

individuals. The plasma levels of VEGF-A, C, D, VEGF-R1, R2 and R3 were measured in 

TB-DM individuals at baseline (BL), at 2 months (PT1) and at 6 months (PT2) of ATT. The 

data are represented as line graphs with each line representing a single individual. P values 

were calculated using the Wilcoxon signed rank test.
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Table 1

Demographics of the study groups and biochemical parameters in TB-DM and TB

Study Demographics TB-DM TB p Value

No. of subjects recruited 44 44 -

Gender (Male / Female) 33/11 37/7 -

Median Age (Range) 50 (34 – 70) 41 (25 – 67) -

Median Height, cm 157 (135 – 169) 161 (143 – 181) -

Median Weight, kg 52 (32 – 67) 46 (30 – 90) -

Smear Grade: 0/1+/2+/3+ 0/16/14/14 0/18/16/10 -

Culture Results:
Negative:0/1+/2+/3+ 0/12/17/15 0/28/12/4 -

Biochemical Parameters TB-DM TB p Value

Fasting Blood Glucose, mg/dL 181 (99–417) 92 (62–112) p<0.0001

Post Prandial Glucose, mg/dL 220 (180–448) 119 (76–137) p<0.0001

Glycated hemoglobin level, % 10.2 (6.6 – 15.6) 5.6 (5.0 – 5.8) p<0.0001

Serum Triglycerides, mg/dL 108 (33 – 178) 74 (39 – 142) p<0.0001

Total Cholesterol, mg/dL 172 (92 – 258) 151 (86 – 192) p=0.0092

HDL Cholesterol, mg/dL 37 (20 – 83) 36 (19 – 69) p=0.2428

LDL Cholesterol, mg/dL 94 (51 – 165) 83 (49 – 107) p=0.0243

VLDL Cholesterol, mg/dL 38 (6 – 76) 28 (15 – 48) p=0.0088

Urea, mg/dL 18 (2 – 32) 16 (8 – 29) p=0.1301

Creatinine, mg/dL 0.9 (0.5 – 1.8) 0.9 (0.6 – 1.2) p=0.4985

Total Bilirubin, mg/dL 0.65 (0.4 – 1.4) 0.4 (0.1 – 0.9) p<0.0001

Total Protein, g/dL 8.2 (6.2 – 9.6) 8.2 (7.1 – 9.7) p=0.8646

Serum Albumin, g/dL 4.1 (2.5 – 4.7) 4 (2.7 – 5.1) p=0.0501

Serum Globulins, g/dL 4 (2.7 – 12.3) 4.4 (3 – 5.3) p=0.0838

SGOT, U/l 17 (6 – 42) 19 (10 – 35) p=0.1095

SGPT, U/l 14 (5 – 40) 12 (5 – 66) p=0.1790

Alkaline Phosphatase, U/l 260 (94 – 499) 221 (140 – 497) p=0.0126

Vitamin D3, ng/ml 12 (3 – 30) 17 (3 – 46) p=0.0008

The values represent the geometric mean (and the 95% confidence intervals) except for age where the median (and the range) are depicted.
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Table 2

Smear and culture grades and HbA1c levels before, during and after ATT in TB-DM individuals

Study Demographics

TB DM

0 Month 2nd Month 6th Month

Smear Grade:
0/1+/2+/3+ 0/16/14/14 30/11/0/3 44/0/0/0

Culture Results:
0/1+/2+/3+ 0/12/17/15 29/14/1/0 44/0/0/0

Glycated hemoglobin
level, % 10.2 (6.6 – 15.6) - 9.85 (4.8 – 17.7)
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