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Background.  Various epidemiological and experimental studies propose that helminths could play a preventive role against the 
progression of type 2 diabetes mellitus (T2DM). T2DM induces microvascular and large vessel complications mediated by elevated 
levels of angiogenic factors and soluble receptor for advanced glycation end product (RAGE) ligands. However, the interactions be-
tween helminths and host angiogenic factors and RAGE ligands are unexplored.

Methods.  To assess the relationship between a soil-transmitted helminth, Strongyloides stercoralis (Ss), and T2DM, we measured 
plasma levels of vascular endothelial growth factor (VEGF)–A, -C, and -D; angiopoietins 1 and 2 (Ang-1 and Ang-2); and their 
receptors VEGF-R1, -R2, and -R3 as well as soluble RAGE (sRAGE) and their ligands advanced glycation end products (AGEs), 
S100A12, and high mobility group box 1 (HMGB-1) in individuals with T2DM with or those without Ss infection. In Ss-infected in-
dividuals, we also measured the levels of aforementioned factors 6 months following anthelmintic therapy.

Results.  Ss-infected individuals exhibited significantly decreased levels of VEGF-A, VEGF-C, VEGF-D, Ang-1, and Ang-2 and 
their soluble receptors VEGF-R1, -R2, and -R3, that increased following anthelmintic therapy. Likewise, Ss-infected individuals 
exhibited significantly decreased levels of AGEs and their ligands sRAGE, S100A12, and HMGB-1, which reversed following ant-
helmintic therapy.

Conclusions.  Our data suggest that Ss infection could play a beneficial role by limiting or delaying T2DM-related vascular 
complications.

Keywords.   Strongyloides stercoralis infection; type 2 diabetes mellitus; angiogenic factors; RAGE ligands; VEGFs and receptors; 
S100A12; HMGB-1.

Human and animal studies have demonstrated that helminth in-
fections are associated with a decreased prevalence of metabolic 
syndrome or type 2 diabetes mellitus (T2DM) [1]. With concur-
rent diminution of parasitism in industrialized countries, the 
incidence of metabolic syndrome, allergy, and autoimmune dis-
eases are increasing enormously [2]. T2DM is a chronic condi-
tion and considered as a major cause of mortality and morbidity 
because of microvascular (such as retinopathy, nephropathy, and 
neuropathy) and large vessel (coronary heart disease, peripheral 
vascular disease, and stroke) complications [3].

Vascular endothelial growth factor (VEGF) and the 
angiopoietins (Ang)/Tie-2 are 2 families of vascular-associated 
molecules that are crucial for vessel formation and maturation 

[4–6]. VEGFs exert their biological outcomes through their in-
teraction with specific (VEGF-R) receptors [7]. Abnormal an-
giogenesis in diabetes is likely mediated in part by exuberant 
VEGF-A family-induced signaling, which induces diabetic ret-
inopathy and nephropathy in diabetic patients [8–10]. Ang-1 
supports endothelial cell survival, alleviates endothelial inter-
actions with supporting cells, and controls vascular permea-
bility [11]. In contrast, Ang-2 has been suggested as a natural 
antagonist of Ang-1 that destabilizes the vasculature [12], while 
concurrently enabling endothelial cell migration and prolifera-
tion with VEGF [11, 12]. Previous studies revealed that plasma/
serum samples exhibited increased VEGF concentrations in pa-
tients with diabetes compared with nondiabetic patients, and 
hyperglycemia alters the levels of circulating angiogenic growth 
factors, findings that suggest their key role in pathogenesis in 
T2DM [11, 13]. Similar to VEGF, increased plasma levels of 
angiopoietins have been reported in patients with diabetes, and 
the increased levels were associated with endothelial damage/
dysfunction [11, 14].

T2DM has been mainly associated with vascular calcifica-
tion through a variety of mechanisms, among which oxidative 
stress, hyperglycemia, and hypercalcemia play a key role [15]. 
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Studies have also determined that advanced glycation end prod-
ucts (AGEs) and the receptors for advanced glycation end prod-
ucts (RAGEs) play a role in vascular calcification [16]. AGEs 
are biochemical end products of nonenzymatic glycosylation in 
diabetic patients with poor glycemic control. AGEs lead to ex-
tracellular matrix (ECM) enlargement in diabetic tissue fibrosis 
and resultant biochemical modification in protein structure 
and function [8]. The AGE/RAGE signaling cascade has been 
determined as a controlling loop whereby outcomes due to an 
augmented fibrosis, RAGE expression, and oxidative stressors 
are elicited [17, 18]. Other RAGE ligands, such as SA100A12 
and high mobility group box 1 (HMGB-1), are involved in the 
inflammatory milieu of T2DM and its resultant complications 
[19, 20].

We hypothesized that helminth infections could alter the 
levels of angiogenic factors and AGE and its ligands that could 
potentially lead to the amelioration of diabetic vascular com-
plications. To this end, we measured the circulating levels of 
VEGF-A, VEGF-C, VEGF-D, Ang-1, and Ang-2; and AGE 
and its ligands, soluble RAGE (sRAGE) S100A12 and HMGB-
1, in individuals with T2DM with or without concurrent 
Strongyloides stercoralis (Ss) infection. We also examined the 
effect of anthelmintic therapy after 6 months on the aforesaid 
parameters in Ss-infected individuals.

MATERIALS AND METHODS

Ethics Statement

All participants were examined as part of a natural history study 
protocol (12-I-073) approved by institutional review boards of 
the National Institute of Allergy and Infectious Diseases (United 
States) and the National Institute for Research in Tuberculosis 
(India), and informed written consent was obtained from all 
participants.

Study Population

We recruited 118 individuals consisting of 60 clinically asymp-
tomatic Ss-infected individuals with T2DM (hereafter Ss+), and 
58 individuals with T2DM and no Ss infection (hereafter Ss–) in 
Kanchipuram District, Tamil Nadu, South India. All study par-
ticipants had no previous history of helminth infections or ant-
helmintic treatment and were human immunodeficiency virus 
seronegative. This is the same cohort of individuals previously 
described in our reports [21, 22].

Measurement of Anthropometric and Biochemical Parameters

Anthropometric measurements, including height, weight, and 
waist circumference, and biochemical parameters, including 
plasma random blood glucose, glycated hemoglobin (HbA1c), 
urea, creatinine, alanine aminotransferase, and aspartate 
aminotransferase were obtained using standardized techniques 
as detailed elsewhere [23].

Parasitological Examination and Anthelmintic Treatment

Strongyloides stercoralis infection was diagnosed by the pres-
ence of immunoglobulin G antibodies to the recombinant NIE 
antigen as described previously [24, 25]. Stool microscopy was 
used to exclude the presence of other intestinal helminth infec-
tions. Filarial infection was excluded in all study participants by 
virtue of being negative in tests for circulating filarial antigen. 
All Ss+ individuals were treated with a single dose of ivermectin 
(12 mg) and albendazole (400 mg) and follow-up blood draws 
were obtained 6 months later. All of our treated subjects were 
serology negative at 6 months after treatment.

Determination of T2DM Status

Based on American Diabetes Association criteria, T2DM was 
confirmed by an HbA1c value of 6.5% or greater and a random 
blood glucose of >200 mg/dL. Overnight fasting samples were 
used to measure all biochemical parameters with exception of 
random blood glucose. All diabetic individuals were newly diag-
nosed, not on any antidiabetic medication at the time of blood 
draw, and without any known complications or comorbidities. 
All individuals were referred to the primary healthcare center 
for diabetic treatment. The individuals who had previous his-
tory of diabetes complications, neurological problems, renal 
problems, and cardiovascular-related problems were excluded 
from the study.

Measurement of Angiogenic Factors and RAGE Ligands

Systemic levels of VEGF-A, VEGF-C, VEGF-R1, VEGF-R2, and 
VEGF-R3 were determined by means of the Duoset enzyme-
linked immunosorbent assay (ELISA) development system 
(R&D Systems). Quantikine ELISA kit (R&D Systems) was used 
for measuring VEGF-D. The lowest detection limits were as fol-
lows: 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. Levels of Ang-1 and Ang-2 were de-
termined by means of the Duoset ELISA development system 
(R&D Systems). The assay range is 156.0–10  000 pg/mL for 
Ang-1 and 93.8–6000 pg/mL for Ang-2. Systemic levels of AGE 
(carboxymethyl lysine) were determined by means of the Cell 
Biolabs kit. sRAGE was determined by means of the Quantikine 
ELISA kit (R&D Systems), S100A12 levels were determined by 
means of the MBL kit and HMGB-1 using the Mybiosource kit. 
The lowest detection limits were as follows: AGE, 0.39 μg/mL; 
sRAGE, 78.12 pg/mL; S100A12, 20 pg/mL; and HMGB-1, 19.5 
pg/mL.

Statistical Analysis

Geometric means (GMs) were used for measurements of cen-
tral tendency. The Ss+ group was compared to the Ss– group by 
Mann–Whitney U tests and before and after treatment param-
eters were compared by Wilcoxon signed-rank test. Multiple 
comparisons were corrected using the Holm correction. 
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Analyses were performed using GraphPad Prism version 8.4.3. 
(GraphPad, San Diego, California). Stata version 15 software 
(StataCorp, College Station, Texas) was used to perform the 
multiple logistic regression analysis.

RESULTS

Study Population Characteristics

The baseline demographic characteristics and biochemical 
parameters have been described previously [21, 22] and there 
were no significant differences in age, sex, body mass index 
(BMI), or other biochemical parameters between the 2 groups. 
The baseline and posttreatment demographics and biochemical 
parameters are shown in Supplementary Table 1.

Diminished Circulating Levels of Angiogenic Factors in Ss+ Individuals

To evaluate the impact of Ss infection on angiogenic factors in 
T2DM, we measured the circulating levels of VEGF-A, VEGF-C, 
VEGF-D, Ang-1, Ang-2, VEGF-R1, VEGF-R2, and VEGF-R3 in 
Ss+ and Ss– individuals. As shown in Figure 1 and Supplementary 
Figure 2A and 2B (box plot), the levels (GMs) of VEGF-A (347.7 
pg/mL in Ss+ vs 894.1 pg/mL in Ss–; P = .0009), VEGF-C (1482 
pg/mL in Ss+ vs 2340 pg/mL in Ss–; P = .0008), VEGF-D (568.9 
pg/mL in Ss+ vs 1106 pg/mL in Ss–; P = .0007), Ang-1 (3183 pg/
mL in Ss+ vs 5509 pg/mL in Ss–; P = .0006), Ang-2 (2185 pg/mL 
in Ss+ vs 2856 pg/mL in Ss–; P = .0045), VEGF-R1 (2906 pg/mL 

in Ss+ vs 4581 pg/mL in Ss–; P = .0048), VEGF-R2 (1143 pg/mL 
in Ss+ vs 1481 pg/mL in Ss–; P = .0008), and VEGF-R3 (3444 pg/
mL in Ss+ vs 5091 pg/mL in Ss–; P = .0008) were significantly 
lower in Ss+ compared to Ss– individuals. Next, we determined 
the ratio between the 2 antagonist angiopoietins. The ratio be-
tween Ang-2 and Ang-1 decreased in Ss+ compared with the Ss– 
individuals. As shown in Supplementary Figure 1A, the levels of 
the angiogenic factors for each subject are shown as spaghetti 
plots. In addition, we have shown the data for the comparison be-
tween Ss– and posttreatment individuals (Supplementary Figure 
2A and 2B). Thus, Ss infection is associated with lower circu-
lating levels of the angiogenic factors in Ss+ subjects with T2DM.

Diminished Circulating Levels of AGE and Its Ligands in Ss+ Individuals

To evaluate the impact of Ss infection on AGE and its ligands 
in T2DM, we measured the circulating levels of AGE and their 
ligands (sRAGE, S100A12, and HMGB-1 in Ss+ and Ss– individ-
uals. As shown in Figure 2 and Supplementary Figure 3C (box 
plot), Ss+ individuals had significantly lower levels (GMs) of 
AGE (16.35 vs 22.06 pg/mL; P = .0109), sRAGE (217.5 vs 480.7 
pg/mL; P = .0003), S100A12 (4842 vs 6869 pg/mL; P = .0004), 
HMGB-1 (157.8 vs 240 pg/mL; P = .0004) when compared with 
Ss– individuals. As shown in Supplementary Figure 1B, the levels 
of the RAGE ligands for each subject are shown as spaghetti 
plots. In addition, we have shown the data for the comparison 
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Figure 1.  Diminished circulating levels of angiogenic factors in Strongyloides stercoralis–infected (Ss+) individuals. A, Plasma levels of vascular endothelial growth factor 
(VEGF)–A, VEGF-C, VEGF-D, angiopoietin (Ang) I, and Ang-2 type 2 diabetes mellitus (T2DM) in Ss+ (n = 60) and S. stercoralis–uninfected (Ss–) (n = 58) individuals. B, Plasma 
levels of VEGF-R1, VEGF-R2, VEGF-R3, and Ang-2/Ang-1 ratio in T2DM in Ss+ (n = 60) and Ss– (n = 58) individuals. Each dot is an individual subject with the bar representing 
the geometric mean. Mann–Whitney U test with Holm correction for multiple comparisons was done. P values are multiplied by the number of parameters.
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between Ss– and posttreatment individuals (Supplementary 
Figure 2C). Thus, Ss infection with T2DM is associated with 
lower circulating levels of AGE ligands.

Changes in Circulating Levels of Angiogenic Factors Following 

Anthelmintic Treatment

Next, we wanted to determine the effect of anthelmintic treat-
ment on the levels of VEGF-A, VEGF-C, VEGF-D, Ang-1, 

Ang-2, VEGF-R1, VEGF-R2, and VEGF-R3, we measured 
angiogenic factors in Ss+ individuals following anthelmintic 
treatment. At 6 months following anthelmintic treatment, as 
shown in Figure 3, the posttreatment levels of VEGF-A (per-
centage increase of 15.6%; P = .0008), VEGF-C (percentage 
increase of 10.4%; P = .0007), VEGF-D (percentage increase 
of 22.5%; P = .0006), Ang-1 (percentage increase of 14.5%; 
P = .0005), Ang-2 (percentage increase of 11.5%; P = .0004), 
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Figure 3.  Elevated circulating levels of angiogenic factors following anthelmintic treatment. A, Plasma levels of vascular endothelial growth factor (VEGF)–A, VEGF-C, 
VEGF-D, angiopoietin (Ang) 1, and Ang-2 in individuals with type 2 diabetes mellitus (T2DM) infected with Strongyloides stercoralis (Ss+) pretreatment (Pre-T, n = 60) and 
6 months following treatment (Post-T, n = 60) were measured. B, Plasma levels of VEGF-R1, -R2, -R3, and Ang-2/Ang-1 ratio in individuals with T2DM and Ss+ Pre-T (n = 60) 
and Post-T (n = 60) were measured. P values were calculated using the Wilcoxon matched pairs test.
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(n = 58) individuals with type 2 diabetes mellitus. Each dot is an individual subject with the bar representing the geometric mean. Mann–Whitney U test with Holm correction 
for multiple comparisons was done. P values are multiplied by the number of parameters.
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VEGF-R1 (percentage increase of 8%; P = .0003), VEGF-R2 
(percentage increase of 14.2%; P = .0002), and VEGF-R3 
(percentage increase of 7.9%; P = .0003) were significantly 
elevated when compared to pretreatment levels. The ratio 
levels of Ang-2/Ang-1 do not show any significant differ-
ence. Thus, anthelmintic treatment is associated with ele-
vated levels of angiogenic factors.

Changes in Circulating Levels of AGE Ligands Following Anthelmintic 

Treatment

To determine the effect of anthelmintic treatment on circulating 
levels of AGE, sRAGE, S100A12, and HMGB-1, we measured 
the RAGE ligands in Ss+ individuals following anthelmintic 
treatment. At 6  months following anthelmintic treatment, 
as shown in Figure 4, the levels of AGE (percentage increase 
of 37.3%; P = .0001), sRAGE (percentage increase of 24%; 
P = .0003), S100A12 (percentage increase of 25.3%; P = .0004), 
and HMGB-1 (percentage increase of 23.1%; P = .0002) all in-
creased following treatment. Thus, anthelmintic treatment is 
associated with elevated levels of AGE ligands.

Multivariate Regression Analysis of Angiogenic Factor and AGE and 

Its Ligands

Multivariate regression analysis was performed to evaluate 
the impact of Ss infection on the diverse parameters meas-
ured in this study in individuals with T2DM. As indicated 
in Supplementary Table 1, after adjusting for the influence 
of age, sex, and BMI, VEGF-A, -C, and -D; Ang-1 and Ang-
2; VEGF-R1, -R2, and -R3; and S100A12, sRAGE, HMGB-1, 
and AGE were all significantly impacted by Ss infection. Thus, 
our data confirm that Ss infection has a profound influence on 
various important parameters in individuals with T2DM, in-
cluding levels of the angiogenic growth factors and RAGE and 
its ligands.

Principle Components Analysis Reveals Trends in Angiogenic Growth 

Factors and RAGE and Its Ligands

Principal components analysis (PCA) was used to visualize 
differences between the groups created on the entire data set. 
To visualize the clustering pattern of angiogenic growth fac-
tors and RAGE and its ligands in T2DM individuals with or 
without Ss infection. we performed PCA with angiogenic fac-
tors (VEGF-A, -C, and -D; VEGF-R1, -R2, and -R3; and Ang-1 
and -2) and AGE and its ligands (sRAGE, S100A12, HMGB-1, 
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and AGE). After excluding those factors with commonalities as 
low as 0.5, we assessed PCA-1 (VEGF-A, -C, -D, and -R1) and 
PCA-2 (Ang-1, HMGB-1, and sRAGE). As illustrated in Figure 
5, PCA analysis showed that angiogenic growth factors and 
AGE and its ligands clusters varied between Ss+ and Ss– with 
T2DM and posttreatment (Ss+ with T2DM) individuals. The 
score plot of the first 2 components revealed 47.6% and 30.5% 
of overall variance, respectively.

DISCUSSION

T2DM is a state of chronic inflammation that affects the 
function and structure of small and large blood vessels [26]. 
Helminth infections are well known modulators of immune re-
sponses due to their tendency to limit detrimental inflamma-
tory responses and promote metabolic homeostasis both locally 
and systemically [27]. Both human and animal studies have 
shown that helminths may adopt an immune evasion strategy, 
wherein helminth infection may decrease systemic inflamma-
tion and consequently the progression of inflammatory dis-
eases, including T2DM [28–30], most likely by modulating host 
immune responses. Anthelmintic treatment might ameliorate 
this helminth-associated protective effect in T2DM and other 
metabolic syndromes [28, 31]. Hence, the helminth infection–
T2DM interface needed to be explored further.

Vascular malfunction plays key role in the pathogenesis of 
T2DM, and the main characteristic features of diabetic com-
plications include dysregulated angiogenesis and endothelial 
activation. Abnormal angiogenesis is a distinctive pathological 
feature of the microvasculature in T2DM [32]. Diabetes affects 
the retina by excessive formation of premature blood vessels 
and impaired wound healing in the small retinal blood vessels 
[32], findings that support the use of angiogenic inhibitors in 

the treatment of diabetic retinopathy [33, 34]. Helminth in-
fection on top of T2DM is associated with decreased levels of 
VEGF-A, -C, and -D and their endogenous receptors.

The vascular endothelial growth factor receptors are one of 
the most important signaling pathways that regulate angiogen-
esis [35]. Hyperglycemia affects the expression of VEGF and its 
receptors VEGF-R1 and VEGF-R2 [36]. VEGF receptors me-
diate various cellular functions. VEGFs can bind to 3 distinct re-
ceptors: previous literature suggested that VEGF-R1 plays a role 
in physiological and pathological neovascularization, whereas 
VEGF-R2 and -R3 drive angiogenesis [37]. Indeed, previous 
studies have shown that helminths might protect against in-
sulin resistance in T2DM [29, 38]. We and others have shown 
that those with T2DM and coincident Ss infection had lower 
insulin and blood glucose levels than did those with T2DM 
alone [21, 38]. The present study has demonstrated that Ss in-
fection also has a significant impact on the levels of VEGF-A, 
VEGF-C, VEGF-D, VEGF-R1, VEGF-R2, and VEGF-R3 in in-
dividuals with coexistent T2DM. These results imply that hel-
minths might limit the proangiogenic process. Anthelmintic 
therapy of Ss infection, not surprisingly, appears to cause rever-
sion of these levels to those seen in persons with T2DM alone. 
The mechanism by which helminth infection modulates these 
factors warrants further studies.

AGE plays an important role in chronic inflammatory con-
ditions [39]. AGE binds to multiple families of ligands, namely 
RAGE, the S100/calgranulin family, and HMGB-1 [40]. 
Reactive oxygen species induced by hyperglycemia trigger var-
ious pathways of diabetic tissue damage, increase intracellular 
AGE formation, increase RAGE levels [41], and results in the 
release of intracellular calcium binding molecules, the S100 
calgranulins [42] and HMGB-1 [43]. These molecules trigger 
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a proinflammatory cascade. Highly enhanced levels of these 
receptors and their ligands appear to contribute to some of 
the complications of T2DM [44] and have been implicated in 
mediating insulin resistance [20].

Several experimental and epidemiological studies reported 
that helminths protect against metabolic syndromes, T2DM, 
and obesity [1, 21, 38, 45–47]. Following definitive anthelmintic 
therapy, significant reversion of these parameters has been 
observed [21, 31]. Our study is not a randomized controlled 
trial; thus, the effect of increased angiogenic factors after the 
anthelmintic treatment can be contributed to by either sup-
pression of Ss infection, the anthelmintic drugs (ivermectin 
and albendazole), or both. Our data imply that Ss infection 
might have a role in delaying or preventing the onset of dia-
betic complications by reducing the systemic levels of AGE and 
their ligands sRAGE, S100A12, and HMGB-1, glycation, and 
tissue AGEs.

In summary, our data show the beneficial effects of hel-
minth on individuals with T2DM associated with angiogenesis, 
lymphangiogenesis, and vascular dysfunction. These benefits 
may occur through the modulation of a VEGF/VEGF-R inter-
action along with AGE/RAGE/ligand interaction. A more de-
tailed characterization of the immunomodulatory mechanisms 
of helminths could endorse more specific treatment methods 
against T2DM. This could be helpful for management of com-
plications and thus reduce the rate of complications as well as 
the economic influence of disease on the patients and the public.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Supplementary Figure 1.  Circulating levels of angiogenic 
factors and RAGE ligands in Ss + and Post-T individuals. (A) 
Plasma levels of Plasma levels of VEGF-A, VEGF-C, VEGF-D, 
Angio-I, Angio-2, VEGF-R1, VEGF-R2, VEGF-R3 and Angio-
2/ Angio-I ratio in T2DM with Ss + pre-treatment [Baseline, 
n = 60] and 6  months following treatment [Treated, n = 60] 
were measured. (B) Plasma levels of AGE, sRAGE, S100A12 and 
HMGB-1 in T2DM with Ss + pre-treatment [Baseline] [n = 60] 
and 6  months following treatment [Treated] [n = 60] were 
measured. The levels of the angiogenic factors for each subject 
is shown as spaghetti plots. Dark line with open circle repre-
sents the baseline and dotted line with closed circle represents 
the treated individuals.

Supplementary Figure 2. No significant differences in the cir-
culating levels of angiogenic factors and RAGE ligands between 
Strongyloides stercoralis–uninfected (Ss–) and posttreatment 
(Post-T) individuals. A, Plasma levels of vascular endothelial 
growth factor (VEGF)–A, VEGF-C, VEGF-D, angiopoietin 

(Ang) 1, and Ang-2 in type 2 diabetes mellitus (T2DM) in Ss– 
(n = 58) and Post-T (n = 60) individuals. B, Plasma levels of 
VEGF-R1, -R2, -R3, and Ang-2/Ang-1 ratio in T2DM in Ss– 
(n = 58) and Post-T (n = 60) individuals. C, Plasma levels of 
advanced glycation end products (AGEs), soluble receptor for 
advanced glycation end product (sRAGE), S100A12, and high 
mobility group box 1 (HMGB-1) in T2DM in Ss– (n = 58) and 
Post-T (n = 60) individuals. Each dot represents an individual 
subject with the bar representing the geometric mean. Mann–
Whitney U test was performed to calculate the P values.

Supplementary Figure 3.  Diminished circulating levels of 
angiogenic factors and RAGE ligands in Ss + individuals. (A) 
Plasma levels of VEGF-A, VEGF-C, VEGF-D, Angio-I and 
Angio-2 T2DM with Ss + (n = 60) and without Ss- (n = 58) in-
dividuals. (B) Plasma levels of VEGF-R1, VEGF-R2, VEGF-R3 
and Angio-2/ Angio-1 ratio in T2DM with Ss + (n = 60) and 
without Ss- (n = 58) individuals. (C) (A) Plasma levels of AGE, 
sRAGE, S100A12 and HMGB-1 in T2DM with Ss + (n = 60) 
and without Ss- (n = 58) individuals. Within each box, hori-
zontal line represents median values, the black box contains the 
25th to 75th percentiles of dataset. The black whiskers mark the 
5th and 95th percentiles. Mann– Whitney U-test with Holms 
correction for multiple comparisons were done by p-values are 
multiplied by the number of parameters.
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