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Pentraxin 3 and retinopathy among type 2
diabetic patients in relation to carotid
atherosclerosis and systolic and diastolic
cardiac function — a pilot study

ABSTRACT

Introduction. Diabetic retinopathy (DR) is the leading
cause of vision loss worldwide. Global prevalence
of any diabetic retinopathy is assessed to be 35.4%.
Several studies proved that chronic low-grade inflam-
mation may be involved in the pathogenesis of DR.
Some studies indicate that macroangiopathic diabetic
complications may be associated with microangio-
pathic ones that is why a “common soil” mechanism
of diabetic micro- and macroangiogpathy has been
proposed. The aim of this study was to evaluate the
association of pentraxin 3 (PTX3), an inflammation’s
biomarker, with diabetic retinopathy in relation to
atherosclerosis in carotid arteries and systolic and
diastolic cardiac function.

Material and methods. 43 eligible patients with type 2
diabetes were enrolled into the study and dived into
two groups on the basis of presence or lack of retino-
pathy. Anthropometric, biochemical and carotid as
well as cardiac ultrasound parameters were analyzed.
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Results. There was no direct association between
PTX3 concentration and the presence of diabetic
retinopathy, but there was a significant correlation
between PTX3 and HbA,_value, age and IMT (intima
media thickness) in carotid arteries among patients
with diabetic retinopathy.

Conclusions. There is a great need for further, larger,
studies on inflammatory biomarkers such as PTX3 and
micro and macrovascular complications of diabetes
mellitus in order to detect predisposed patients early
enough to implement early therapeutic intervention
of this complication. (Clin Diabetol 2018; 7, 4: 196-
-202)

Key words: diabetes type 2, diabetic retinopathy,
pentraxin 3

Introduction

Type 2 diabetes mellitus (T2DM) is a major concern
for health care systems because of its high prevalence
and micro- and macrovascular complications that might
cause disability and premature death [1-3]. Over the
last two decades new therapeutic options such as
analogue insulin, GLP-1 agonists, DPP-4 inhibitors, and
SGLT-2 inhibitors were widely implemented to clinical
practice nevertheless about half of the patients still
doesn’t reach the target HbA, value and therefore they
are prone to diabetic complications development [3].

One of the microangiopathic complications is dia-
betic retinopathy which is the most common, avoidable
cause of blindness all over the world [4]. It is estimated
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that in the United States of America 40% of patients
with T2DM have diabetic retinopathy and epidemio-
logical data from other countries are similar [5]. The
pathogenesis of diabetic retinopathy, as for most dia-
betic complications, is complex [6]. Since DeFronzo's
concept of ominous octet [7] some new observations
were made and chronic low-grade inflammation and
therefore the activation of the immune system is ac-
knowledged to take part in type 2 diabetes mellitus
[8]. The local inflammation, which contributes to en-
dothelial dysfunction is also, next to hyperglicaemia,
associated with micro and macroangiopathy. Initially,
the progression of diabetic retinopathy is symptomless
and gradual but early stages of the disease are mild
and can be detected only while screening [9]. One in
two patients with T2DM remains undiagnosed [10] and
those patients can already develop advanced stages of
the diseases’ complication. It is also not unusual that
patients with already established diabetes mellitus
have the diabetic complications diagnosed late, at
advanced stages. Due to T2DM high prevalence, there
is a need to design studies to find the ways of an early
detection of the disease and its complications and to
find the solution how to determine groups of patients
who are more susceptible to a complication. Biomark-
ers are thought to have such a potential meaning and
therefore there are studies undergoing to determine
specific markers for micro and macrovascular compli-
cations. Many biomarkers used in cardiovascular risk
scoring are well described and standardized, these
include: troponins, C-reactive protein (CRP) and some
lipids [11, 12] but biomarkers of microvascular com-
plications are lacking. It is proposed, that one of these
cardiovascular biomarkers could be pentraxin 3 (PTX3)
[13]. Pentraxins, like CRP, are acute phase reactants and
one of the major components of non-specificimmune
response [14, 15]. Pentraxin 3 binds to C1q complement
and eliminates immunological complexes via classical
activation of its path [16]. It is also a receptor for pato-
gen associated molecular patterns (PAMPs), which are
released by cytokines and take part in different phases
of inflammatory response, i.e. pathogen and own
damaged cells’ recognition [17]. PTX3 is also known as
TSG-14 [tumor necrosis factor (TNF)-stimulated gene
14] or TNFAIP-5 (tumor necrosis factor alpha-induced
protein 5) and is produced mainly by endothelium,
fibroblasts, dendritic cells, macrophages, monocytes,
adipocytes, synoviocytes, chondrocytes, renal epithe-
lium and smooth muscle cells. Its production is initi-
ated by mediators such as interleukin 13 (IL13), tumor
necrosis factor alfa (TNFa), lipopolisacharydes (LPS),
and oxy-LDL lipoproteins [18]. Pentraxin 3 takes part
in evolution of inflammation, which is, according to

current state of knowledge, one of the factors involved
in the pathogenesis of atherosclerosis. Some studies
indicate that macroangiopathic diabetic complica-
tions may be associated with microangiopathic ones
that is why a “common soil” mechanism od diabetic
micro- and macroangiogpathy has been proposed and
this is the reason why we decided to assess carotid
atherosclerosis as well as cardiac systolic and diastolic
function among patients with diabetic retinopathy.
Diabetic retinopathy on the other hand is one of the
microvascular complications, where the role of PTX3
is still under examination but there are some limited
reports of its potential association with the presence
and severity of retinopathy in patients with diabetes
mellitus [19, 20].

We have previously examined the association of
plasma PTX3 concentration with atherosclerosis in ca-
rotid arteries, systolic and diastolic left ventricle function
and diabetes control among type 2 diabetic patients in
relation to patients without glucose metabolism disor-
ders [21]. This research is a follow up study where we
evaluated biochemical, carotid and cardiac ultrasound
parameters in the group of diabetic patients dived on
the basis of the presence of diabetic retinopathy.

Material and methods

43 consecutive, eligible T2DM Caucasian patients
visiting the Outpatient Diabetology Clinic in Zabrze
were enrolled into the study and divided into two
groups on the basis of the presence of retinopathy.
Clinical and anthropometrical data were collected from
patients’ medical documentation, among others a fun-
dus examination performed up to 3 months before the
enrolment into the study, presence of peripheral neu-
ropathy, and nephropathy. Diabetic nephropathy has
been defined as a chronic (lasting more than 3 months)
persistence of elevated UACR (Urinary Albumin to Cre-
atinine ratio) and/or over proteinuria and/or decreased
below 60 ml/min 1.73 m? renal function assessed with
the use of CKD-EPI equation with the lack of signs of
other cause of kidney disease. All of the participants
gave informed written consent. The inclusion criteria
for the study group | were type 2 diabetes mellitus
diagnosis and the presence of retinopathy whereas for
the group Il — type 2 diabetes mellitus and lack of retin-
opathy. All subjects with end stage renal disease, heart
failure (NYHA Il and IV), hepatic cirrhosis, anemia and
presence of any vascular events in the past 6 months
prior to the study (i.e. acute coronary syndrome, per-
cutaneous coronary interventions and stroke) were
excluded from the study. All of the patients underwent
a carotid ultrasound examination and transthoracic
echocardiography. Plasma pentraxin 3 concentration,
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Table 1. Basic clinical and demographic characteristics of the study groups

Parameter

Group |

Group Il

Statistical analysis

Participants, n = 100%

Female, n; %

Male, n; %

Age (years)

Body mass index [kg/m?]

T2DM duration (years)

T2DM duration > 10 years
Arterial hypertension
Hypertension duration (years)
Acute coronary syndrome
Coronary artery bypass grafting
Stroke

Presence of atherosclerotic plaque in ultrasound
carotid examination

Diabetic neuropathy
Nephropathy

Macrovascular complications
Plasma PTX3 concentration [ng/ml]
Albuminuria [mg/g]

eGFR [ml/min/1.73 m?]

HbA, _ (%)

11 (25.58%)

32 (74.42%)

3;27.27% 17, 53.13% Pearson y2 = 2.27; p = 0.87
8;72.73% 15; 46.87%

62.63 = 4.97 62.25 = 9.85 p =0.64

25.76 = 2.89 27.38 = 3.00 p = 0.05

11.18 £ 2.48 5.78 = 3.62 p = 0.001

90.91% (n = 10)
81.81% (n = 9)

28.13% (n = 9)
43.75% (n = 14)

Pearson x%2 = 14.3; p = 0.001
Pearson x> = 5.11; p = 0.02

10.64 + 2.87 6.69 * 3.61 p = 0.001
63.64% (n = 7) 6.25% (n = 2) p = 0.001
27.27% (n = 3) 3.13% (n=1) p =0.44
36.36% (n = 4) 0% (n = 0) p =0.88
45.45% (n = 5) 25% (n = 8) p = 0.57
90.91% (n = 10) 6.25% (n = 2) p=0.03
90.91% (n = 10) 0% (n = 0) p = 0.88
90.91% (n = 10) 34.37% (n = 11) p =0.01

1.01 = 0.87 1.31 = 0.64 p = 0.054
20.21 = 13.61 29.62 = 11.24 p = 0.05

83.5 = 20.68 71.56 = 19.10 p = 0.06

6.02 = 0.75 6.4 + 0.92 p=0.21

All the values are presented as mean = standard deviation or the percentage of participants
Group | — patients with retinopathy; Group Il — patients without retinopathy; T2DM — diabetes mellitus type 2; PTX3 — pentraxin 3; eGFR — estimated

glomerular filtration rate; HbA, — glycated haemoglobin

haemoglobin A,_value, cholesterol and triglycerides,
serum creatinine and urinary albumin secretion were
measured. More detailed description of the study and
laboratory examination methods were described previ-
ously [21]. All statistical analysis were performed using
STATISTICA 12.5 (StatSoft, Poland). The qualitative traits
were presented as absolute numbers or percentages.
The following tests were used: the y? test, t-Student
test, Mann-Whitney U-test, Kruskal-Wallis test when
appropriate. In order to rang correlations Spearman’s
rank correlation coefficient was used. A p value less
than 0.05 was considered significant.

The study was conducted in accordance to the
Helsinki Declaration and was approved by the Ethical
Committee of Medical University of Silesia.

Results

Basic demographic and clinical characteristics
of the study population are presented in Table 1.
In comparison with patients from group Il (without
retinopathy), patients classified as group | (with retin-
opathy) had a significantly longer diabetes mellitus
(arbitrarily determined as 10 years of the disease) and
hypertension duration. In more than 90% of patients
with retinopathy other complications of diabetes oc-
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curred that is macrovascular complications, diabetic
neuropathy and nephropathy. In the group of patients
with retinopathy there was not significantly lower
plasma PTX3 concentration (Table 1; p = 0.054).
Moreover, in this group there was a lower HbA, _value
(p = 0.21), worse blood flow and intima-media thick-
ness parameters in carotid arteries (CCA IMT av p =
0.13; CCA IMT max p = 0.33; ICA MV p = 0.24; ICA
Pl p = 0.8; ICARI p = 0.51 — all the abbreviations
explained in Table 2), but no significance was found.
As for significant differences, in the group | (with
retinopathy) patients had lower left ventricle systolic
function (EF, ejection fraction) (p = 0.014) and worse
left ventricle’s diastolic function in tissue Doppler im-
aging (E'/A’) with the level of significance p = 0.001
(summarized in Table 2).

There was a significant correlation between plasma
PTX3 concentration and patient’s age in both groups
(Table 3; p = 0.005). We also found a high correlation
for PTX3 concentration and HbA,_value in a group of
patients with retinopathy (p = 0.004). Besides, PTX3
concentration was associated with the duration of
hypertension in this group of patients (p = 0.001).

There was no association of PTX3 concentration
with presence of atherosclerotic plaques in carotid
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Table 2. Carotid arteries ultrasound examination and echocardiographic examination results

Parameter Group | Group I Statistical analysis
CCA IMT av [mm] 0.81 £ 0.24 0.67 = 0.11 p=0.13

CCA IMT max [mm] 1.10 £ 0.26 0.98 = 0.16 p=0.33

ICA MV [cm/s] 35.33 £ 10.2 30.54 £ 7.3 p=0.24

ICA PI (pulsatility index) 1.05 + 0.21 1.04 = 0.34 p =0.80

ICA RI (resistance index) 0.67 = 0.10 0.72 = 0.32 p = 0.51

EF (%) 47.7 £12.9 55.84 £ 5.9 p =0.014

E/A 0.99 = 0.25 1.08 = 0.20 p =0.63
E'/AR 0.93 £ 0.2 1.06 = 0.18 p = 0.001

All the values are presented as mean + standard deviation

CCA (IMT) av — common carotid artery (intima-media thickness) average; CCA (IMT) max — common carotid artery (intima-media thickness) maximum;
ICA (MV) — internal carotid artery (mean velocity); ICA (Pl) — internal carotid artery (pulsatility index); ICA (RI) — internal carotid artery (resistance index);

EF — ejection fraction; E/A — E/A ratio in conventional Doppler echocardiography

Table 3. The correlation between PTX3 concentration with
given parameters — presented as R Spearman correlation

Group | Group Il
Age 0.61* 0.33*
HbA, 0.53* 0.18
Body mass index -0.44 -0.08
eGFR -0.13 -0.24
T2DM duration 0.33 -0.19
Hypertension duration 0.58* 0.08

*p < 0.05; eGFR — estimated glomerular filtration rate

arteries in none of the groups (Table 4) nor systolic or
diastolic left ventricle function in both groups (Table 4)
found. Nevertheless, in the group of patients with retin-
opathy, plasma PTX3 concentration was significantly

correlated with the maximal (p = 0.002) and mean
(p = 0.001) intima-media thickness in the common
carotid artery (Table 5).

Discussion

Diabetic complications may be present at the on-
set of the diabetes however a risk of their occurrence
increases over time [22]. Most of patients in presented
study had a history of T2DM lasting more than 10
years, so it may be assumed that they were more
prone to diabetic complication. The most common
diabetic complications were neuropathy, nephropathy
and macrovascular complications. About 90% of pa-
tients with diabetic retinopathy had also macrovascular
complications what is consistent with the “common
soil” theory of vascular complications in diabetes, which
was also confirmed by Bartman et al., who described

Table 4. The comparison of PTX3 concentration depending on the presence of atherosclerosis in carotid arteries and

cardiac function in echocardiography. Data presented with + standard deviation

Parameter Feature Group | Group Il
Atherosclerosis in carotid arteries 1.53 = 0.41 1.05 = 0.95
PTX3 [ng/ml] . . .
No atherosclerosis in carotid arteries 1.13 = 0.77 1.26 = 0.55
Significance p = 0.07 p=0.12
Normal EF 1.18 £ 0.42 0.94 = 0.61
PTX3 [ng/ml] .
Impaired EF 1.42 + 0.80 1.66 + 1.39
Significance p =0.22 p = 0.08
Correct mitral inflow E/A 1.06 = 0.81 0.91 + 0.63
PTX3 [ng/ml] . . .
Impaired left ventricle relaxation 1.52 + 0.45 1.38 = 1.09
Significance p = 0.051 p = 0.061
Correct mitral inflow E'/A’ 0.82 + 0.71 0.91 = 0.62
PTX3 [ng/ml] . . .
Impaired left ventricle relaxation 1.6 + 0.42 142 +1.12
Significance p = 0.058 p =0.60

EF — ejection fraction
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Table 5. The correlation between PTX-3 and ultrasound
measurements of carotid arteries

Group | Group Il
CCA IMT av [mm] 0.44* 0.19
CCA IMT max [mm] 0.42* 0.22
ICA MV [cm/s] 0.30 0.20
ICA PI (pulsatility index) 0.29 0.12
ICA RI (resistance index) 0.10 0.20

Data presented as R Spearman correlation. *p < 0.05

CCA (IMT) av — common carotid artery (intima-media thickness) average;
CCA (IMT) max — common carotid artery (intima-media thickness)
maximum; ICA (MV) — internal carotid artery (mean velocity); ICA (PI)

— internal carotid artery (pulsatility index); ICA (RI) — internal carotid
artery (resistance index)

an association between plaque score and microvascular
complications [23]. The association between duration
of diabetes and presence of retinopathy seems obvious,
but it is worth mentioning that just like retinopathy
is also associated with age and chronic inflammation
[24-26]. Therefore it is important to assess the rela-
tion between PTX3 concentration (an inflammatory
biomarker) with the presence of retinopathy. In our
study the concentration of PTX3 is lower in the group
of patients with retinopathy than without it, but the
difference is not significant, even after logarithmic
transformation of the scores. Potentially, PTX3 seems
to be associated with the presence of diabetic retin-
opathy but further cohort studies are necessary. Yang
et al. described association of PTX3 with DR in a group
of Korean patients with T2DM, where the mean PTX3
concentration was higher in a group of patients with
retinopathy (1.82 = 1.77 ng/ml) [20].

In presented study PTX3 plasma concentration was
associated with age of patients with diabetic retin-
opathy — the older the patient with retinopathy, the
higher the PTX3 concentration. Moreover, in this group
of patients the PTX3 concentration was higher among
patients with higher HbA, _value and longer duration
of hypertension. It is surprising that all patients tak-
ing part in the study had very good diabetes control
(mean value of HbA, = 6.02 £ 0.75 among patients
with retinopathy and 6.4 + 0.92 among patient without
retinopathy what can be cause by a small sample size
and a single center study. Additionally we did not take
into account hypoglycemia events rates and pharma-
cotherapy that could influence HbA, _value.

So far, to our best knowledge, there were no such
findings in the literature concerning patients with
diabetic retinopathy. In some large population-based
studies, there was an association found between the
PTX3 higher concentration and age and the increased
cardiovascular risk [27-29]. The correlation between
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PTX3 concentration and diabetes control was found
in two smaller studies but the outcome undoubtedly
needs to be confirmed in larger studies [30, 31]. Ac-
cording to our study, there is a significant relation
between PTX3, a marker of local inflammation and
endothelial damage, and chronic hyperglicaemia, re-
flected by HbA,_ value but further and larger studies
are necessary [32].

According to the literature, the measurement of
intima-media complex can assess the progression of
atherosclerosis and is an independent predictor of
cardiovascular events [33]. The presence of plaque
is defined as the intima-media thickness of the ca-
rotid artery above 1.5 mm [34]. We have proven that
the mean and maximum intima-media thickness is
significantly associated with PTX3 in the group of
patients with diabetic retinopathy. The concentra-
tion of PTX3 increases with the increase of thickness
of IMT of the carotid artery. The above correlation
has an average statistical power, but on this basis it
can be hypothethised that with the increase of PTX3
concentration, there is an increase of cardiovascular
risk, as it was also proved in other population-based
studies [27-29].

Atherosclerosis in carotid arteries was proven to
be associated also with the presence of microvascular
complications [23]. In presented study, the mean values
of CCA ITM max in a group of patients with diabetic
retinopathy were considerably below the cut-off value
for the presence of atherosclerotic plaque (1.5 mm)
and in spite of it, there was a significant correlation
between it and PTX3 concentration. On this basis, there
can be a conclusion drawn that PTX3 may be associated
with the early stages of atherosclerosis in patients with
diabetic retinopathy [21]. To our best knowledge, this
is the first attempt to assess the association between
PTX3 concentration and impaired systolic and diastolic
cardiac function in a group of patients with diabetic
retinopathy and it turned out that in this group of
patients affected by left ventricle diastolic dysfunction
there is a higher PTX3 plasma concentration compar-
ing to patients without diabetic retinopathy, but the
difference is not significant. The impaired left ventricle
diastolic function is often symptomless and may lead
to symptomatic heart failure in the future [35]. It is es-
timated that even if the diastolic dysfunction is present
the risk of death in 3-5 years in 5 times greater than for
patients with a proper diastolic function [36]. Similar
conclusions on the PTX3 and impaired left ventricle
diastolic function were drawn by Kimura et al. and Guo
et al. but in a group of patients with normal glucose
tolerance [37, 38]. In another study Matsubara et al.
propose that PTX3, which is produced in the coronary
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circulation by the cardiac muscle when the left ventri-
cle diastolic function is worsening, is an independent
marker of diastolic impairment and correlates with
future cardiac events in patients with heart failure and
normal ejection fraction [39, 40]. The main limitation
of presented study is the number of participants but
the results encourage to further research.

Conclusion

According to the results obtained, there is no direct
association between PTX3 concentration and the pres-
ence of diabetic retinopathy. On the other hand, there
1o @geand IMT
in carotid arteries in a group of type 2 diabetic patients
with diabetic retinopathy found. Further studies in this
field are neccessary.

is an correlation between PTX3 and HbA
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