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ABSTRACT

Objectives: Pentraxin-3 (PTX3) is an acute phase protein, considered as a vascular proinflammatory reflector, and its link with
dyslipidemia environment and oxidative stress truths the risk of cardiovascular disease. This study evaluates the association of PTX3 and
atherogenic markers (total cholesterol [TC]/high-density lipoprotein [HDLc], low-density lipoprotein [LDLc]/HDLc, triglycerides [TGL]/HDLc,
non-HDLc, atherogenic coefficient) in normoalbuminuric micro and macroalbuminuria diabetic individuals.

Methods: The analytical observational research work included 86 participants with a duration of diabetes mellitus <5 years without complications.
Participants were grouped based on glycated hemoglobin and urine albumin creatinine ratio as normoalbuminuric, micro, and macroalbuminuria.
Lipid profile analytes were measured in the Beckman Coulter AU series and PTX3 was analyzed using a standard kit. The atherogenic coefficient is the
ratio between non-HDLc and HDLc that epitomizes cardiovascular risk.

Results: Elevated PTX3 values in poor glycemic diabetic individuals with albuminuria patient. PTX3 results statistically correlated positively with
TC/HDLc, TGL/HDLc, non-HDLc/HDLc (atherogenic coefficient), and non-HDLc. These findings strengthen the potential link between PTX3 and
atherogenic risk in diabetic patients with poor glycemic status. The receiver’s operative characteristics curve supported PTX3 cut-off of 2.49 ng/mL,
the area under the curve was 0.739 with a diagnostic sensitivity of 79.1% and specificity of 72.1%, with a significant p value.

Conclusion: PTX3 is considered a promising marker of the inflammatory environment due to poor glycemic and lipidemic environment, thereby
relating to the likelihood of complications in diabetes. This study substantiates that PTX3 is a valuable marker for assessing early cardiovascular risk
and emphasizes the importance of lifestyle modification and therapeutic intervention.
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INTRODUCTION

On a global scale diabetes mellitus (DM) appears to be the primary
contributor of rising morbidity and mortality. A rise in uncontrolled
diabetic status accelerates the pathological root toward vascular
complications. The predominant trend of occurrence of DM had
increased following the global covid pandemic threat [1]. Chronic
hyperglycemia leads to disastrous vascular complications built
due to the overproduction of advanced glycation end products and
decreased nitric oxide availability. Pre-clinical studies emphasize the
current pressing challenge as endothelial dysfunction contributed
by an intricate pathological mechanism that integrates uncoupling of
nitric oxide synthase and endothelial enflamed inflammatory status
characterized by inflammatory molecular patterns, high oxidized
lipoprotein, and cytokine levels [2,3]. This imbalance of vasodilators
and vasoconstrictors vascular endothelial inflammatory state in turn
contributes to cardiovascular disease (CVD).

Pentraxin 3 (PTX3) is an acute-phase protein that forms a part of the
pentraxin superfamily. As to foil to CRP, which is secreted by hepatocytes
activated by interleukin-6 (IL6), recent studies figure that PTX3 excites
in atherosclerotic plaques, macrophages, and endothelial cells [4].
PTX3 gets liberated in response to inflammation, thus chiefly known as
the “facilitator of acute inflammation”. This has been demonstrated that
a number of inflammatory stimuli, such as lipopolysaccharide, IL 1,
and tumor necrosis factor, elevate PTX3 levels.

In context with diabetic patients, the hyperglycemic status vitalizes
inflammatory reaction, inducing the release of PTX3 to manage

inflammation. The pentraxin level mirrors the vascular inflammatory
reaction which may serve as an ideal marker to monitor diabetics. The
levels of this peptide also root higher in patients with dyslipidemia
environment. One of the most common fundamental pathology of
CVD is atherosclerosis which is tightly linked to a chronic low-grade
inflammatory environment. As a concern to medical and public health
research, its prime importance to score the inflammatory marker
of atherosclerosis is the need of the hour to predict CVD. As per the
“Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines” urine
albumin creatinine ratio clearly reflects the pathological processes
related to endothelial dysfunction and diffuse vascular damage; thereby
linked to cardiovascular risk [5].

Studies have explored the diverse vascular effects of PTX3, as a
vascular reflector to proinflammatory signals, positive association
with dyslipidemia effects, and oxidative stress marker [6]. This study
evaluates the association of PTX3 and atherogenic markers (TC/
HDLc, LDLc/HDLc, TGL/HDLc, non-HDLc, atherogenic coefficient)
in type 2 diabetes with normoalbuminuria, microalbuminuria and
macroalbuminuria.

METHODS

Design

The research work was an analytical cross-sectional study design
carried out from November 2023 to September 2024. With
Departmental Scientific Committee consensus, the research proposal
cleared the College Scientific Committee and Institutional Ethical
Committee approval.
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Ethical approval

Each participant was briefed of the objectives of the research
study as part of the protocol and received informed consent before
commencement of the work. The traceability of the Institutional Ethics
Committee approval number is ST0923-700.

The sample size has been derived with the formula, n=[n=(Z 1-0/2+Z
1-P)?(2S)?/d2] utilizing the mean and SD of PTX3 in normal and DM,
4.11+2.4 ng/mL and 4.26+2.2 ng/mL respectively [7]. (Zq/2:1.96), Z
1-B=(1.65), S=SD1 + SD2, d=mean1 - mean2, by applying the formula
sample size of 43was calculated.

A total of 86 patients presenting to the general medicine outpatient
department with symptoms of type 2 DM were selected. Participants
were allotted as Group A with glycated hemoglobin (HbA1c)<6.5%
and Group B with HbA1c26.5%; whereas the participants with chronic
kidney disease, hypertension, acute inflammatory disease, CVD were
excluded.

Laboratory investigations

Blood samples were collected following an overnight fasting of
10-12 h. Biochemical variables were assayed in Beckman Coulter
DXC 700 using dedicated reagents. Fasting plasma glucose levels were
estimated by hexokinase enzymatic method, Lipid parameters such as
total cholesterol, triglycerides, HDL-cholesterol, and LDL-cholesterol
were measured by a standardized method in Beckman Coulter DXC700
integrated autoanalyzer. Serum pentraxin levels were measured in
the Bio-Rad enzyme-linked immunosorbent assay (ELISA) technique
using the Human ELISA kit. This ELISA assay kit had a sensitivity of
0.113 ng/mL. This assay showed a strong reliability with both intra-assay
<8% and inter-assay coefficient of variance of <10%. The atherogenic
coefficient or index is the measure of risk to develop CVD which is
calculated as the difference of total cholesterol and HDLc divided by
HDLc. Normal healthy individuals have an atherogenic coefficient
between 2 and 2.5 units [8]. Urine albumin creatinine ratio with a cutoff
<30 ug/mg of creatinine was considered normoalbuminuric.

Statistics

The Statistical Package for the Social Sciences (SPSS 22.0) was
employed to analyze the data. The Shapiro-Wilk test was employed
for checking the data for normality, and the results showed that they
were not. As a result, non-parametric techniques were implemented for
analysis. Mann-Whitney U test was used for comparing the difference
and measured in the Inter-Quartile range across the groups. Correlation
of the analyzed clinical chemistry analytes has been accomplished
through spearman’s correlation. The receiver operating characteristic
curve was utilized to determine the diagnostic sensitivity and specificity
of the analyte of interest PTX3 as a biochemical marker of vascular
endothelial damage in DM.

RESULTS

The participants were type 2 DM attending the Diabetology outpatient
wing of SRM Medical College Hospital and Research Centre. By
consecutive sampling technique, 86 participants were included in the
research study. Out of 86 participants, 46.5% were men and 53.5%
were women presented with <5 years of duration of DM. Following the
general physical examination of the participants, basic anthropometric
details were recorded in the patient proforma sheet. As per Table 1:
Type 2 diabetic men had a body mass index (BMI) with a median of
27.69 kg/m? compared to women with aBMI of median value of
22.2 kg/m?

In this study, median PTX3 value in men was 3.08 ng/mL with
interquartile range (2.59, 3.36) whereas in women the median PTX
value was 1.78 ng/mL with interquartile range (1.52, 2.08) Fig. 1.

Table 3 represents the statistically significant elevation of
PTX3, atherogenic indices, and atherogenic coefficient in T2DM
macroalbuminuric individuals.
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Table 1: Comparison of anthropometric data in
type 2 diabetes mellitus

Parameter Male (n=40) Female (n=46) p-value
Height (m?) 1.63(1.59,1.70) 1.53(1.48,1.58) <0.001**
Weight (kg) 69.2 (63.8,75.7) 67 (61.3,70.1) 0.106"
Body mass 26.2(24.1,27.8) 27.9(26.1,30.4) 0.014*
index Kg/m?

MannWhitney U test: results are expressed in median (interquartile range -
IQR), p<0.05 - statistically significant, NS indicating non-significant results,
*significant findings, **highly significant findings (p<0.001)

Table 2: Comparison of HbA1c and pentraxin
values in men and women

Parameter Men n=40 Women n=46

HbAlc (%) 6.9 (6.6, 8.8) 7.45 (6.57,8.85) 0.665 (NS)
Pentraxin (ng/mL) 3.08 (2.59,3.36) 1.78(1.52,2.08) 0.001**

Mann-Whitney U test: median (interquartile range - IQR), NS indicating
non-significant results **high significant result (p<0.001). HbAlc: Glycated
hemoglobin
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Fig. 1: Pentraxin levels in type 2 diabetes mellitus

According to Table 4, based on urine albumin creatinine ratio
(urine ACR) the participants were sub-categorized as Group I with
Urine ACR<30 ug/mg of creatinine, Group II with urine ACR more
than 30-300 ug/mg of creatinine and Group III with urine ACR
more than 300 ug/mg of creatinine. The data comparison based
on the urine albumin creatinine ratio, HDL-based lipid ratios non-
HDLc, TC/HDLc, TGL/HDLc, TC-HDL/HDL (Atherogenic coefficient)
revealed statistically significant median difference between
Group I and III through Kruskal-Wallis test and subsequently
post-hoc analysis. Fig. 2 shows the graphical representation of
PTX3 data in T2DM sub-categorized based on the severity of urine
ACR. In this study significantly elevated PTX3 levels were observed
in macroalbuminuric as compared with normoalbuminuric or
microalbuminuria individuals.

Table 5 revealed a positive correlation of PTX3 with atherogenic
parameters and a negative correlation with HDLc, minimal positive
correlation with TC/HDL (r=0.255), and atherogenic coefficient
(r=0.22),whereas PTX3 revealed a statistically significant positive
correlation with urine albumin creatinine ratio (r=0.355).

Area under the curve analysis

As in Fig. 3 and Table 6, the Receiver’s operating characteristics of
PTX3 revealed that at a cut-off of 2.49 ng/mL, area under the curve
was 0.739 with a diagnostic sensitivity of 79.1% and specificity of
72.1%, with significant p-value. Frequency distribution revealed
that 55.81% of type 2 DM had PTX3 results more than the diagnostic
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Table 3: Comparison of pentraxin and atherogenic coefficient in diabetic individuals based on HbA1c levels

Parameters HbA1c¢<6.5% (n=32) HbA1c26.5% (n=54) p-value
Total cholesterol (mg/dL) 145.5 (118.5,167.75) 160.85 (132.25,182.75) 0.04*
Triglycerides (mg/dL) 119.82 (81.75, 145.25) 135.24 (90.5, 144.5) 0.302(NS)
HDLc (mg/dL) 41.6 (34.75,45.25) 42.51 (34.25,51) 0.57(NS)
LDLc (mg/dL) 101.64 (77.75,123.25) 105.74 (83, 117.75) 0.59(NS)
Non-HDLc (mg/dL) 103.89 (83, 124) 118.33 (88.25, 148.3) 0.02*
TC/HDLc 3.57 (3.02,4.15) 3.83(3.2,4.4) 0.039*
TGL/HDL 3.03 (2.05,3.53) 3.35(2.2,3.67) 0.34(NS)
LDL/HDL 2.52 (1.87,3.18) 2.5(1.97,2.91) 0.98 (NS)
Atherogenic coefficient 2.2 (1.75,2.92) 2.82(2.2,34) 0.048*
PTX3 (ng/mL) 2.13 (1.68,2.49) 2.52(1.85,2.99) 0.037*

Variables FPG: Fasting plasma glucose, PPPG: Post prandial plasma glucose, HbA1lc: Glycated hemoglobin, LDL: Low density
lipoprotein, HDL: High density lipoprotein, uACR: Urine albumin creatinine ratio, PTX3: Pentraxin-3
Table 4: Data comparison of HbA1c, lipid atherogenic parameters and pentraxin-3 in type 2 diabetes mellitus

Parameters Urine ACR<30 (n=40) Urine ACR 30-300 (n=36) Urine ACR>300 (n=10) p-value
FPG (mg/dL) 122.5(101.25,150) 140 (123.5,178.5) 187.5 (179.5, 239.5) 0.001**
PPPG (mg/dL) 174 (131.25, 235.5) 217 (191.25, 267) 279 (241, 295.25) 0.001**
HbAlc (%) 6.8 (6.25,7.37) 8.1(7.0,9.92) 10.95 (9.62, 11.87) 0.001**
NON-HDL (mg/dL) 103.5 (85.25, 127.75) 112 (75.5,128.5) 134 (121.75, 169) 0.039*
TC/HDL 3.51 (3.002, 4.26) 3.40 (3.08, 4.36) 5.41 (4.27,5.82) 0.001**
TGL/HDL 2.85 (1.90, 3.58) 2.78 (2.18, 3.19) 3.88 (3.46, 5.11) 0.025*
LDL/HDL 2.35(2,3.26) 2.30(1.90, 3.05) 2.96 (2.67,3.42) 0.077 (NS)
Atherogenic coefficient 2.51(2,3.26) 2.40 (2.08,3.36) 4.41 (3.27,4.82) 0.001**
uACR (pg/mg of creatinine) 8(5.25,14.95) 65 (39.5,130) 824.5 (430, 142) 0.001**
PTX3 (ng/mL) 2.2(1.91,2.4) 2.5(1.8,3.2) 3.41 (2.6,3.6) 0.001**

Variables

FBG: Fasting plasma glucose, PPBG: post prandial plasma glucose, HbA1c: Glycated hemoglobin, uACR: Urine

albumin creatinine ratio, PTX3: Pentraxin-3

Kruskal-Wallis test: values are given in median (interquartile range - IQR), p<0.05 - statistically significant indicating non-significant results, *significant findings,

**highly significant findings (p<0.001). TC: Total cholesterol.

Table 5: Correlation of pentraxin with Atherogenic parameters
and urine ACR

Parameters p-value p-value
HDL (mg/dL) -0.231 0.039*
Non-HDL (mg/dL) 0.05 0.64 (NS)
TC/HDL 0.255 0.022*
TGL/HDL 0.210 0.06 (NS)
LDL/HDL 0.03 0.77 (NS)
Atherogenic coefficient 0.266 0.022*
Urine ACR (ug/mg of creatinine) 0.355** <0.001**

Spearman’s rank correlation: Rho-p+1: Perfect correlation,
p=0.7-1.0 strong correlation, p=0.4-0.7 moderate correlation,
p=0.1-0.4 weak correlation, p=0: no correlation

p-value: *significant results (p<0.05) **highly significant results (p<0.001)
(NS-not significant). ACR: Albumin creatinine ratio

cut-off 22.49 ng/mL, whereas 44.19% of type 2 DM had PTX3 cut-off
<2.49 ng/mL.

DISCUSSION

The study expands the interplay between PTX3 and atherogenic markers
that underscores the intricate mechanism of vascular endothelial cell
inflammation paving way toward CVD. PTX3 is considered a crucial
marker of vascular endothelial inflammation. Evaluation of PTX3 and
atherogenicity in T2DM are diagnostic to identify individuals with
metabolic disturbances with the likelihood of vascular endothelial cell
dysfunction. Thereby therapeutic targets to alleviate inflammation and
promote vascular tissue repair can be studied as the future scope.

Researchers have identified PTX3 as a protein of the long pentraxin
family. It is a cognate molecule of CRP, being a multifunctional
regulatory protein PTX3 has a prime role in inflammatory event and
the organization of extracellular matrix and remodeling of tissue

35
X
3
- i
2
L5
1 L]
0.5
0
Il Group A (u ACR <30 pg/ mg Cr)
Il Group B (u ACR 30 -300 pg/mg Cr)
M Group C (u ACR >300 pg/mg Cr)

Fig. 2: Pentraxin levels in type 2 diabetes mellitus based on urine
albumin creatinine ratio

damage [9]. In fact, one of the findings from researchers is that fibroblast
growth factor 2 (FGF2) is involved in the promotion of angiogenesis and
revascularization of vascular inflammation. Moreover, that PTX3 was
reported as a competitor of FGF2, thereby affecting the activation of
smooth muscle cells after arterial injury [10].

PTX3 levels were compared between men and women with DM. The
analysis revealed that men exhibited significantly higher levels of PTX-
3 compared to women. This finding suggests that men may be more
susceptible to CVD due to the heightened vascular inflammatory
environment indicated by elevated PTX-3 levels [11].

Growing evidence suggests that excess adiposity is associated
with inflammatory background which in turn provokes the release
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Fig. 3: Receiver’s operating characteristics for pentraxin in type 2
diabetes mellitus

Table 6: Receiver’s operating characteristics curve diagnostic
sensitivity and specificity of pentraxin 3 in
type 2 diabetes mellitus

Marker Cut-off Diagnostic Diagnostic Area Significance
value sensitivity specificity under p-value
(%) (%) curve
PTX3 2.49 79.1 72.1 0.739** <0.001
ng/mL

Area under curve: *0.5 denotes no discrimination; **0.7-0.8 denotes
acceptable; ***0.8-0.9 denotes exceptional; >0.9 denotes remarkable

of adipose-derived adipokines and chemokines. Atherosclerotic
pathology mirrors systemic inflammation as suggested Pentraxins
are considered as a biochemical inflammatory marker that parallels
an inflammatory environment [12]. Increased PTX3 has been noticed
in response to acute phase inflammation, tumor necrosis factor, IL 1,
and lipopolysaccharide, especially from macrophages and vascular
endothelial cells. This substantiates with our research findings
of increased PTX3 in individuals with overweight and obese BMI.
These outcomes could be accounted by the subclinical inflammation
attributed to obesity and overweight as well as the inflammatory
response-induced release of PTX3 from vascular cells.

In large studies cardiovascular Health study and Multi-Ethic Study
of Atherosclerosis, PTX3 was identified as a prognostic tool to
cardiovascular mortality and all-cause death [13].

Based on the glycemic status of type 2 Diabetic individuals, the PTX3
levels were compared and found to be elevated in poor glycemic
state. This elevated PTX3 levels reflect as marker of inflammation and
vascular endothelial damage in diabetic patients. High PTX3 levels
are associated with poor glycemic state and also complications such
as CVD, nephropathy, and retinopathy [14]. Thus PTX3 is considered
as inflammatory and vascular endothelial damage marker. It is
considered as a potential target in assessing the CVD risk. The hallmark
characteristic of insulin resistance [15] plays a prime role in boosting
the underlying vascular pathology promoting inflammatory response
thereby PTX3 levels are elevated. This makes PTX3 as potential
indicator of the severity of DM.

In this study, PTX3 levels were significantly negatively correlated
with HDLc that relates to less protective cardiovascular environment.
Moreover, T2DM with elevated PTX3 are associated with cardiovascular
risk factor as reflected by elevated atherogenic ratio such as TC/HDLc,
LDL/HDLc, and TGL/HDL. Another less comprehensible content about
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PTX3 is its nature to impair ultrastructural vasculature because of
cardioprotective role which is in contrast to our study [16]. PTX3
is found to have a significant positive correlation with TC/HDL and
atherogenic coefficient that strengthens the background support in
favor of PTX3 as predictor of CVD [17,18].

Growing evidence has linked inflammation to endothelial dysfunction
and decreased levels of nitric oxide [19]. Investigators have
enlightened at this point innate immunity-based response resulting
in elevated PTX3, which is implicated in vascular endothelial
dysfunction through matric metalloproteinase pathway. PTX3 is
recognized to contribute to endothelial dysfunction by decreased
nitric oxide production [20]. PTX3 had demonstrated statistically
positive correlation with atherogenic index TC/HDL and atherogenic
coefficient that strengthens the background support of PTX3 as a
predictor of CVD.

Meta-analysis study had reported that for every increase in 1 unit of
PTX3 in the circulation would increase the occurrence of cardiovascular
death by 28% and cardiovascular events by 2%. Likewise Multi-ethnic
study of atherosclerosis cardiovascular health study had illustrated
a strong relation between PTX3 and cardiovascular mortality, thus
PTX-3 is considered a biomarker for identifying individuals with CVD
progression [21].

This study is unique in a way that it had linked the PTX levels
with endothelial dysfunction and albuminuria in type 2 diabetic
patients. Moreover, the diagnostic sensitivity of PTX3 was found
to be 79.1% and specificity 72.1% at a cut-off value 2.49 ng/mL.
Elevated PTX3 levels reflect vascular inflammation and endothelial
dysfunction, which are precursors to CVD. Therefore, PTX-3 serves
as a valuable tool for the early detection of cardiovascular risk in
diabetic patients.

Limitations of the study are that less participants were recruited
thereby prospective data analysis has to be done in a large scale to
quantify the vascular endothelial markers that predict CVD.

CONCLUSION

PTX3 is considered a promising marker of the inflammatory
environment due to poor glycemic and lipidemic environment,
thereby relating to the likelihood of complications in diabetes.
Analysis of Pentraxin provides a comprehensive picture of patient’s
metabolic health status and preventive treatment strategies can be
planned accordingly. Future studies on a large scale might throw
more light on the role of PTX3 with respect to vascular endothelial
cell damage.
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