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Background: Endothelial dysfunction caused by chronic inflammation is the cornerstone of vascular complica-
tions in type 1 Diabetes-Mellitus (T1DM). Soluble Urokinase Plasminogen Activator Receptor (SuPAR) is a
novel marker of inflammation and endothelial dysfunction.
Aim: To evaluate SuPAR in T1DM children and correlate it to diabetic vascular complications.
Methods: Seventy T1DMchildren and 40matched healthy controlswere studied focusing on disease duration, in-
sulin therapy and symptoms of diabetic complications. Blood-pressure, fundus and screening for peripheral-neu-
ropathy were done. Fasting lipid profile, fraction-C of glycosylated hemoglobin (HbA1c%), Urinary albumin
excretion (UAE), estimated-glomerularfiltration rate (eGFR) and SuPARweremeasured. Internal aortic diameter
was measured with calculation of aortic distensibility and stiffness index.
Results: Sixteen T1DM patients(22.9%) had peripheral neuropathy, 12(17%) had nephropathy and none had ret-
inopathy. SuPAR was significantly elevated in diabetic nephropathy (p b 0.01) and neuropathy (p b 0.01). Aortic

stiffness index was significantly higher (p b 0.01) whereas, aortic strain and distensibility were significantly
lower (p b 0.01) in T1DM than controls. SuPARwas significantly correlated to disease duration (p b 0.01), systolic
blood pressure (p b 0.01), total cholesterol (p b 0.01), triglycerides (p b 0.01), UAER (p b 0.01) and aortic strain
(0.013).
Conclusion: Increased SuPAR early in diabetes might become a useful indicator of developing vascular complica-
tions. Further prospective studies are needed to determine the cut-off level of SuPAR for detection of T1DM and
its complications.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Endothelial dysfunction caused by chronic inflammation is the key
event responsible for the development of micro and macrovascular
complications in type 1 diabetes mellitus (T1DM).1

Uncontrolled T1DM results in significantmorbidity andmortality by
causingmicrovascular complications includingdiabetic retinopathy, ne-
phropathy and neuropathy. Macrovascular complications include car-
diovascular, cerebrovascular and peripheral artery disease.2

Arterial stiffness is an early indicator of arteriosclerosis and predictor
of cardiovascular events independently of classical cardiovascular risk
factors.

Patients with T1DM especially those having micro and
macrovascular complications have increased inflammatory activity
e that they have no conflict of

pt.
in).
expressed through elevated levels of inflammatory cytokines, mainly
C reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis
factor-α (TNF-α).3,4

Soluble urokinase plasminogen activator receptor (SuPAR) is the
soluble form of urokinase plasminogen activator receptor (uPAR).
SuPAR results from the cleavage and release of membrane-bound
uPAR.5 SuPAR, a marker of inflammation and endothelial dysfunction
released from inflammatory cells has a role in inflammation, thrombosis
and cell proliferation.6 Under physiological conditions uPAR, the mem-
brane bound form of SuPAR, maintains tissue function through regula-
tion of cell proliferation, adhesion, migration and proteolysis. However
during inflammation, recruitment and expression of uPAR/suPAR are
upregulated in endothelial cells, fibroblasts, macrophages and glomeru-
lar cells.

Recently, SuPAR has been associated with podocytopathies, FSGS,
and various forms of diabetic nephropathy in patients with Type 2 DM
(T2DM).7 Furthermore, elevated SuPAR in patientswith T2DMprecedes
microalbuminuria, an established early sign of diabetic nephropathy by
several years.8
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Extra-renal production of SuPAR from immune cells may also con-
tribute to the plasma level of SuPAR and represent inflammation in
other tissues. Inflammation is the cornerstone in the development of
cardiovascular disease, and as SuPAR seems to be a good marker of
the immune activation and inflammatory status of the individual, it
can be used as a marker not only for cardiovascular disease but also
for several infectious diseases, autoimmune diseases and cancers.6

The aim of this work was to evaluate SuPAR as a marker of inflam-
mation and endothelial dysfunction in T1DM children and to correlate
it to various clinical and biochemical markers of T1DM as well as to di-
abetic vascular complications.

2. Patients and methods

This cross sectional study included 70 type 1 diabetic children re-
cruited from the Pediatric Diabetes Clinic, Ain-Shams University and
40 age and sex matched healthy controls.

Sample sizewas calculated using STATAprogram, setting alpha error
at 5% and power at 80%. Given the results of a previous study9 that
showed that SUPAR median (range) among controls was 2.3 (1.1–3.6)
and among patients with diabetes mellitus was 3.5 (1.1–15.1). Median
(range) values were transformed to mean ± SD according to Hozo
et al.10 to be 2.32 ± 0.62 versus 3.5 ± 2.3. Based on these data, the
needed sample was 35 cases and 35 controls.

T1DM was defined according to the criteria of International Society
of Pediatric and Adolescent Diabetes.11 Exclusion criteria included pa-
tients with other types of diabetes e.g. type 2 and MODY, patients
with clinical evidence of infection, patients with overt or known cardio-
vascular disease, hematological diseases, tumors, liver dysfunction and
patients with connective tissue disease or other autoimmune disorders.

An informed consent was obtained from each patient and their legal
guardians before enrollment in the study. This studywas approved from
the local ethical committee of Ain-Shams University. The study was
done in the period from October 2016 to September 2017.

All included children were subjected to detailed medical history
with special emphasis on age at onset of diabetes, disease duration, in-
sulin therapy and chronic diabetic complications (retinopathy, neurop-
athy, nephropathy, or cardiovascular ischemic events); thorough
clinical examination laying stress on anthropometricmeasureswith cal-
culation of standard deviation score and body mass index (BMI) mea-
sured as kg/m2, measurement of vital data including blood pressure,
fundus examination by direct ophthalmoscope through dilated pupils
for assessment of diabetic retinopathy, neurological examination for ev-
idence of any diabetic complications.

The simple rapid bedside neuropathy disability score (NDS) was
adopted as a screening tool for diabetic peripheral neuropathy. The sen-
sory modalities were scored; a score above two was defined as clinical
diabetic peripheral neuropathy.12

▪ Laboratory investigations included measurement of mean random
blood glucose levels in the last 3 months prior to the study, fasting
lipid profile (10–12 h fast), kidney function tests, mean HbA1c%,
serum level of SuPAR and urinary albumin excretion ratio. Serum tri-
glycerides (TG) and total cholesterol (TC) were assessed by quanti-
tative enzymatic colorimetric technique using a commercial kit
purchased from Bio Merieux (Diagnostic Chemicals Ltd., Charlotte-
town, CA). Serum high density lipoproteins (HDL) were measured
by the phosphotungstate precipitation method using a Bio Merieux
kit (Marcy-l'Etoile, Craponne, France). Results were clinically
interpreted according to recommendations of the European Athero-
sclerosis Society.13 The mean HbA1C was calculated using 3–4
HbA1c% results per year in the last year prior to the study using D-
10 (BioRad, France).14 Urinary albumin excretion (UAE) in an early
morning fasting urine sample was measured as albumin-to-
creatinine ratio by an immuno-turbidimetric method (Cobas Integra
800; Roche Diagnostics, Mannheim, Germany). Urinary albumin
excretion (UAE) in three early morning urine samples was calcu-
lated as albumin-to-creatinine ratio by an immuno-turbidimetric
method (Cobas Integra 800; Roche Diagnostics, Mannheim,
Germany). Patients were classified according to UAE in at least 2
out of 3 consecutive urine samples into normoalbuminuria group
(UAER ≪30 mg/g creatinine), microalbuminuria group (UAER 30–
299 mg/g creatinine) and macroalbuminuria group (UAER
≥300 mg/g creatinine). Nephropathy was defined as having micro
or macro-albuminuria.15 Estimated glomerular filtration rate
(eGFR) was calculated using Creatinine Based Bedside Schwartz
equation (eGFR = 41.13 × [Height (meter) ÷ S creatinine (mg/
dL)]). 16

Serum levels of SuPARwere assessed by enzyme linked immunosor-
bent assay (ELISA) using SuPAR ELISA kits in pg/mL. The detection range
of the kit is 12 pg/mL‐360 pg/mL (Glory Science CO., LTD, Del Rio, USA).

2.1. Samples collection

Peripheral blood samples were collected on ethylene diamine tetra-
acetic acid (EDTA) (1.2mg/mL) for analysis of HbA1c. For chemical anal-
ysis, clotted samples were obtained and serumwas separated by centri-
fugation for 15 min at 1000 ×g then stored at −80 °C until analysis.
Urine samples were collected for assessment of urinary albumin
excretion.

2.2. Radiological investigation

Internal aortic systolic and diastolic diameters by M-mode echocar-
diography were measured 3 cm above the aortic valve. Aortic distensi-
bility and aortic stiffness index were calculated using accepted
formulae. All aortic echocardiography scans were done using Vivid E9,
GE Vingmed Cardiovascular Ultrasound A/S Strandpromenaden 45,
N=3191Horten, Norway to evaluate aortic stiffness index, aortic strain
and distensibility. The Doppler study results were obtained at maxi-
mum velocity.17

Aortic stiffness index ¼
SBP
DBP

AOS−AOD
AOD

Aortic strain ¼ 100� AOS−AODð Þ
AOD

%

Aortic distensiblity ¼ 2� AOS−AODð Þ
PP� AOD

AOD: Aortic Internal Diameter during Diastole, AOS: Aortic Internal
Diameter during Systole, SBP: Systolic blood pressure, DBP: Diastolic
blood pressure, PP: pulse pressure.

2.3. Statistical analysis

Data were collected, revised, coded and entered to the Statistical
Package for Social Science (IBM SPSS) version 20. Qualitative data
were presented as number and percentages while quantitative data
were presented as mean, standard deviations and ranges when para-
metric and median with interquartile range with non-parametric data.
The comparison between two groups with qualitative data were done
by using Chi-square test and/or Fisher exact test was used instead of
Chi-square test when the expected count in any cell was found ≪5.
The comparison between two groups regarding quantitative data with
parametric distribution was done by using Independent t-test and also
data with non-parametric distribution was done by using Mann-
Whitney test. The comparison between more than two independent
groups regarding quantitative data with parametric distribution was



Table 2
Laboratory characteristics among type 1 diabetic patients:

Patients group

No. = 70

HbA1c (%) Mean ± SD 9.20 ± 2.26
Range 6–15.8

Blood cholesterol (mg/dl) Median (IQR) 169 (138–189)
Range 92–250

Blood cholesterol level High 12 (17.1%)
Triglycerides (mg/dl) Median (IQR) 77.5 (52–112)

Range 36–142
Triglycerides level High 19 (27.1%)
HDL (mg/dl) Median (IQR) 46 (37–55)

Range 26–80
HDL level ≪40 22 (31.4%)
LDL (mg/dl) Median (IQR) 106 (92–128)

Range 41–160
LDL level High 14 (20.0%)
UAER (mg/g creatinine) Median (IQR) 13.67 (8–26.6)

Range 3–388.85
30–300 11 (15.70%)
≫ 300 1 (1.40%)

eGFR (mL/min/1.73 m2) Mean ± SD 112.50 ± 47.27
Nephropathy Positive 12 (17.1%)
Peripheral neuropathy Positive 16 (22.9%)
Retinopathy Positive 0 (0.0%)

HbA1c: hemoglobinA1c; HDL: high density lipoproteins; LDL: low density lipoproteins;
UAER: Urinary albumin excretion rate. Data were expressed as mean and standard devia-
tionwhere Student t-testwas used for comparisons or asmedian (IQR) usingMann-Whit-
ney test for comparison unless specified as number (percentage) using Chi-square (X2)
test for comparison.
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done by usingOneWayAnalysis of Variance (ANOVA). Spearman corre-
lation coefficients were used to assess the correlation between two
quantitative parameters in the same group.

3. Results

Twenty fourmales (34.3%) and 46 females (65.7%) with T1DMwere
studied. Their mean age was (11.86 ± 3.72), range (4–18). Their mean
disease duration was (5.47 ± 3.22) years, range (1–15 years). They
were compared to 40 age and sex matched healthy individuals who
served as controls. The control group included 14 (35%) males and 26
(65%) females, their mean age was (10.6 ± 2.95), range (5–16) years.
All T1DM patients were on basal bolus SC insulin regimen with a
mean total daily dose of 1.2 ± 0.5 U/kg/day.

Upon comparison of the clinical data between patients and controls
no significant differencewas found as regards age, sex and BMI between
both groups (p ≫ 0.05). However, diastolic blood pressure was signifi-
cantly higher in the type 1 diabetic group (p = 0.008) (Table 1).

As regards the frequency of micro-vascular complications in T1DM
children (Table 2), it was observed that 12 (17.1%) out of 70 had ne-
phropathy, 11 (15.7%) had microalbuminuria and one (1.4%) patient
had macroalbuminuria. The mean eGFR of the studied T1DM group
was 112.50 ± 47.27 (mL/min/1.73 m2). Sixteen (22.9%) patients had
peripheral neuropathy and none of them had retinopathy. Thus, the
most commonmicro-vascular complications encountered in T1DMchil-
dren were peripheral neuropathy (22.9%) and nephropathy (17.1%).

SuPAR level was significantly elevated in T1DM patients compared
to controls (p ≪ 0.01) (Fig. 1) and in those with diabetic nephropathy
(p ≪ 0.01) and peripheral neuropathy (p ≪ 0.01) compared to those
without these complications. Upon performing ROC curve analyses, it
was found that SuPAR could significantly detect the occurrence of ne-
phropathy and peripheral neuropathy among T1DM. The cut-off value
of SuPAR at 100 pg/mL could differentiate patientswith andwithout ne-
phropathy with a sensitivity of 100% and specificity of 91.38%, area
under the curve (AUC) 0.978 (p ≪ 0.001) (Fig. 2).While the cut-off
value of suPAR at 105 pg/mL could differentiate patients with andwith-
out neuropathy with a sensitivity of 100% and specificity of 100%, area
under the curve (AUC) 100 (p ≪ 0.001) (Fig. 3).

Regarding the macrovascular complications, aortic stiffness index
was significantly increased in T1DM patients compared to controls
Table 1
Clinical characteristics of type 1 diabetic patients and control group.

Control
group

Patients
group

Independent
t-test

No. = 40 No. = 70 t/X2a p-Value

Age (years) Mean ± SD 10.6 ± 2.95 11.86 ± 3.72 1.836 0.069
Range 5–16 4–18

Sex Females 26 (65.0%) 46 (65.7%) 0.006a 0.938
Males 14 (35.0%) 24 (34.3%)

Weight (%) ≪5th 0 (0.0%) 4 (5.7%) 4.272a 0.118
5th–95th 40 (100.0%) 63 (90.0%)
≫95th 0 (0.0%) 3 (4.3%)

Height (%) ≪5th 0 (0.0%) 14 (20.0%) 5.560a 0.062
5th–95th 40 (100.0%) 54 (77.1%)
≫95th 0 (0.0%) 2 (2.9%)

BMI (%) ≪5th 0 (0.0%) 2 (2.9%) 3.626a 0.163
5th–95th 40 (100.0%) 64 (91.4%)
≫95th 0 (0.0%) 4 (5.7%)

Systolic blood
pressure (%)

5th–≪90th 40 (100.0%) 60 (85.7%) 0.01a 0.920
≥90th–95th 0 (0.0%) 10 (14.3%)

Diastolic blood
pressure (%)

5th–≪90th 40 (100.0%) 59 (84.3%) 6.984a 0.008
≥90th–95th 0 (0.0%) 11 (15.7%)

BMI: Body Mass Index. Data were expressed as mean and standard deviation where Stu-
dent t-test was used for comparisons or as median (IQR) using Mann-Whitney test for
comparison unless specified as number (percentage) using Chi-square (X2) test for
comparison.

a X2: Chi-square test; t: independent t-test; Z: MannWhitney.
(p ≪ 0.01), whereas aortic strain and distensibility were significantly
decreased among T1DM group (p ≪ 0.01) (Table 3).

As shown in Table 4,multiple regression analysis for predictors of in-
creased aortic stiffness showed that decreased aortic strain and disten-
sibility, were independently related to increased aortic stiffness in
T1DM patients.

Upon reviewing the correlations between SuPAR levels and clinical
and laboratory parameters of T1DM, significant positive correlations
were found between SuPAR and each of disease duration (p ≪ 0.01),
systolic blood pressure (p≪ 0.01), total cholesterol (p≪ 0.01), triglycer-
ides, LDL (p = 0.013), UAER (p ≪ 0.01) and aortic strain (0.013)
(Table 5).

4. Discussion

Chronic hyperglycemia plays an important role in the initiation of di-
abetic vascular complications through metabolic derangement and
chronic inflammation. This include the production of advanced
glycation endproducts (AGE), abnormal activation of signaling cascades
(such as protein kinase C), elevated production of reactive oxygen spe-
cies (ROS) that can interact with other biomolecules and result in tissue
damage and abnormal stimulation of hemodynamic regulation systems
(such as the renin-angiotensin system).3

SuPAR originates fromcleavage and release of themembrane-bound
uPAR and is present in plasma, urine, blood, serum and cerebrospinal
fluid.18 It's concentration in various body fluids varies depending on
the “activation” level of the immune system. In this study, SuPAR was
significantly elevated in type 1 diabetic children compared to controls.
This goes in concordance Theilade et al. who found that SuPAR was
higher among diabetics than controls.19

Significantly high level of SuPAR was found among T1D children
with nephropathy (macro and microalbuminuria). Similarly Theilade
et al. found that there was a stepwise increase in the median SuPAR
levels in patients with normo-, micro- and macro-albuminuria. SuPAR
levels were higher in patients with albuminuria compared to those
with normo-albuminuria.19 In a study conducted by, Wu et al., serum
SuPAR was significantly elevated in most kidney diseases (except



Fig. 1. SuPAR levels among type 1 diabetic patients and controls.
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minimal change disease) and was highest in diabetic nephropathy and
progressively increased with staging of diabetic nephropathy.20

In concordance with these results, Rhanadeer et al. studied patients
with manifest T2DM and they found that higher SuPAR level is corre-
lated with high urinary albumin. This shows that SuPAR might be in-
volved in the pathogenesis and progression of diabetic nephropathy.21

Atherosclerosis is regarded as a combination of atherosis and
sclerosis. Sclerosis depends on deterioration of aortic elastic
properties.22 Arterial stiffness predicts cardiovascular events
Cut off point AUC Sensitivity

>100 0.978 100.00

Fig. 2. Receiver Operating Characteristic (ROC) curve analysis of suP
independently of classical cardiovascular risk factors in several
populations.23 Assessment of subclinical target organ damage, in-
cluding arterial stiffness, has been considered essential for the
evaluation of cardiovascular risk, the choice of treatment and the
follow up in different clinical settings.22

A number of studies have identified abnormalities of arterial
stiffness in subjects with T2DM and it has been recognized that
aortic stiffness is highly predictive of cardiovascular mortality in
subjects with T2DM.24
Specificity +PV -PV 

91.38 70.6 100.0 

AR levels for detection of diabetic patients with nephropathy.



Cut off point AUC Sensitivity Specificity +PV -PV

>105 100.00 100.00 100.0 100.0 100.0

Fig. 3. Receiver Operating Characteristic (ROC) curve analysis of SuPAR levels for detection of diabetic patients with neuropathy.
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In this study, aortic stiffness index was significantly higher among
T1DM compared with healthy controls while aortic strain and distensi-
bility were significantly decreased. In agreement with these results,
Llauradó et al. showed that T1DM patients had higher arterial stiffness
compared to healthy controls.25 Similarly, Prince et al. reported more
pronounced arterial stiffness in patients with diabetic complications
such as microalbuminuria, retinopathy and neuropathy.26 This might
be explained by the presence of subclinical atherosclerosis in young pa-
tients with T1DM which may enable the recognition of preclinical car-
diac impairment and proactive modifications of treatment strategies.

In the current study, significant correlations were found between
SuPAR level and each of disease duration, systolic blood pressure, total
cholesterol, triglycerides, LDL cholesterol and UAER. In line with these
results, Theilade et al. investigated the associations between SuPAR
and diabetes, including diabetes duration and complications in patients
with T1DM. SuPAR levels were lower in controls versus diabetics. They
found that in unadjusted analysis including all participants, SuPAR was
correlated with diabetes duration (r = 0.47), UAER (r = 0.46), Pulse
Wave Velocity (PWV) (r = 0.42), age (r = 0.39), CRP (r = 0.24),
HbA1c (r = 0.23) and systolic blood pressure (r = 0.20) (p ≪ 0.001
for all) and was weakly associated with total cholesterol (r = 0.09,
Table 3
Aortic stiffness index and aortic strain among type 1 diabetic patients and controls:

Control
group

Patients
group

Independent
t-test

No. = 40 No. = 70 t/Za p-Value

Aortic stiffness
index

Mean ± SD 5.51 ± 1.55 11.36 ± 2.82 12.102 ≪0.001
Range 3.4–9.1 7.9–16.2

Aortic strain (%) Mean ± SD 20.17 ± 5.35 10.50 ± 3.03 12.121 ≪0.001
Range 9.5–33.2 5.3–19

Aortic
distensibility
(cm2/dynes
10−6)

Mean ± SD 0.03 ± 0.06 0.01 ± 0.00 8.974 ≪0.001
Range 0.03–0.06 0–0.01

a : Mann Whitney test. Data were expressed as mean and standard deviation where
Student t-test was used for comparisons or as median (IQR) using Mann-Whitney test for
comparison.
p = 0.021).19 Thus SuPAR might be considered as a potential marker
for the development of diabetes complications.
5. Conclusion

SuPAR levels are elevated in children with T1DM. The increase in
SuPAR levels is more evident in diabetics with vascular complications
than those without suggesting its possible role as an early marker of
vascular complications. Thus increased SuPAR levels in children with
T1DMmight become an early indicator to the development of vascular
complications later in life. This might help in the development of a
timely and appropriate intervention even before complications are clin-
ically apparent. Further prospective studies are needed to determine the
cut off level of SuPAR for detection of T1DM and its complications.
6. Study limitations

The reference range of the used kit is different from that of the kits
used in other studies. Thus the values of SuPAR in our study shouldn't
be compared to that of the references cited.
Funding sources

No funding sources.
Table 4
Multiregression analysis for predictors of increase aortic stiffness.

Unstandardized
coefficients

Standardized
coefficients

t Sig.

B Std.
Error

Beta

(Constant) 18.574 1.657 11.212 0.000
Age of onset (years) .088 0.090 0.118 0.983 0.332
Aortic strain (%) −0.304 0.116 −0.328 −2.629 0.013
Aortic distensibility
(cm2/dynes 10–6)

−568.088 150.692 −0.484 −3.770 0.001



Table 5
Correlation between SuPAR levels and clinical and laboratory parameters of T1DM.

SuPAR (pg/mL)

r p-Value

Age (years) 0.140 0.249
Age of onset (years) −0.223 0.063
Disease duration (years) 0.461 ≪0.001
Weight (%) 0.017 0.888
Height (%) −0.171 0.157
BMI (%) −0.030 0.805
Systolic blood pressure (%) 0.383** 0.001
Diastolic blood pressure (%) 0.115 0.343
HbA1C (%) 0.220 0.068
Total. cholesterol (mg/dl) 0.465** ≪0.001
Triglycerides (mg/dl) 0.466** ≪0.001
HDL (mg/dl) −0.022 0.859
LDL (mg/dl) 0.295* 0.013
UAER (mg/g creat) 0.673** ≪0.001
eGFR (mL/min/1.73 m2) −0.236* 0.049
Aortic stiffness index −0.097 0.553
Aortic strain (%) 0.389* 0.013
Aortic distensibility (cm2/dynes 10–6) 0.104 0.525
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