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No effect of yeast-like fungi on lipid
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Abstract
Background: The objective of the research was to investigate vascular endothelial growth factor (VEGF) levels in
the context of lipid metabolism and amount of yeast-like fungi colonizing the digestive tract in children and
adolescents with type 1 diabetes mellitus (T1DM).
Methods: The study included 45 children with T1DM and 27 age- and sex-matched healthy control subjects. In the
study sample 33 T1DM patients were administered insulin pump therapy and 12 T1DM patients were administered
multiple daily injections with insulin pen devices. All T1DM patients were free of micro- and macrovascular
complications. In T1DM patients and healthy controls biochemical tests were performed and measurements of
yeast-like fungi colonizing the alimentary tract were conducted. Moreover all study subjects had their serum
VEGF levels measured with ELISA test.
Results: The subgroup of children and adolescents with T1DM and yeast-like fungus colony number 10^3 CFU/g
was shown statistically significantly lower HbA1c levels, and lower but not statistically significantly total cholesterol, LDL
cholesterol and VEGF levels versus T1DM patients with the amount of yeast-like fungi 10^6 CFU/g. Moreover higher
HDL levels were observed in this subgroup versus T1DM patients with the amount of yeast-like fungi 10^6 CFU/g
although the difference was not statistically significant.
Conclusions: Our study has shown no influence of yeast-like fungi on lipid metabolism and VEGF level in children and
adolescents with T1DM. Comprehensive treatment of T1DM patients and intensive insulin therapy with help of
personal insulin pumps can reduce or prevent the development of long-term diabetic complications. Further studies in
this field are needed.
Keywords: Type 1 diabetes mellitus, Children and adolescents, Lipid metabolism, Vascular endothelial growth factor,
Yeast-like fungi

Background
In view of the currently available data hyperglycaemia is
known to be the main factor that contributes to the
development of angiopathic complications in diabetes
[1–3]. Metabolic control of diabetes mellitus is one of
the most important factors, but not the only one, that
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affects the risk of long-term angiopathic complications
[4–7]. Several proofs of evidence indicates that the risk
of long-term diabetic complications is increased when
hyperglycaemia is accompanied by lipid metabolism
disorders and high blood pressure values [3, 6, 8]. In our
previous studies we showed a correlation between
systolic blood pressure values and serum levels of vascular endothelial growth factor (VEGF) in children and
adolescents with type 1 diabetes mellitus (T1DM) [8].
VEGF is a potent mitogenic and chemotactic factor for
endothelial cells, thereby stimulating angiogenesis. VEGF
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can increase vascular permeability, favour oedema and
enhance migration of cells from the circulating blood
into the sites of inflammation. VEGF is an important
factor that triggers inflammatory processes in chronic
diseases [9].
Prevention of long-term complications is among the
most important treatment goals in T1DM patients. All
patients with T1DM have to be monitored for HbA1c
levels, lipid metabolism parameters, blood pressure and
other known risk factors of long-term vascular complications [5, 10, 11]. Moreover, it must be noticed that
treatment of T1DM children and adolescents has significantly changed in Poland and all over the world during
the last decade [12–14]. First of all new insulin therapy
technologies have been developed and implemented,
such as personal insulin pumps integrated with continuous glucose monitoring systems (CGM) [14, 15]. Data
from clinical trials and immunological studies point at
the very important role of even minor blood glucose
fluctuations in the development of both micro- and
macrovascular complications [15–17].
Moreover the role of yeast-like fungi in the course of
diabetes has not been fully elucidated [18–20]. Antigens
found in the human body trigger mechanisms of the
innate and adaptive immune reactions, closely related to
each other. On one hand they can result in elimination
of the causative factor, but on the other hand they can
lead to systemic disorders or even death [21, 22]. Efforts
are being made by our team and other researchers to
investigate the yeast-like fungus virulence and its sequelae in T1DM patients [20, 21, 23]. However proving the
causal relationship between infections and development
of complications in T1DM patients remains a big
challenge. In many cases the main problem involves a
long latency time between exposure to the yeast-like
fungus antigen and the occurrence of clinical signs and
symptoms of long-term angiopathic complications [22].
Therefore the aim of our current study was to investigate
VEGF levels in the context of selected lipid metabolism
parameters and the amount of yeast-like fungi colonizing
the alimentary tract of T1DM children and adolescents.

Methods
The study involved 45 adolescent patients (16 girls and
29 boys) with T1DM. Diabetes was diagnosed according
to the Polish Diabetes Association guidelines which
correspond with the guidelines of the WHO [12, 24]. All
T1DM patients were free of micro- and macrovascular
complications. T1DM children and their parents/legal
guardians were provided comprehensive care by diabetes
treatment team composed of diabetologist, nurse, dietician, psychologist, physiotherapist and educator. In the
study sample 33 T1DM patients were administered
insulin pump therapy and 12 T1DM patients were
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administered multiple daily injections with insulin pen
devices. Blood glucose levels were measured by continous glicemic monitoring systems (CGMS) using an
electrode compatible with “Guardian” device or Medtronic insulin pump (Medtronic Minimed, Northridge,
CA). Glycated haemoglobin (HbA1c) was measured with
an immunoturbidometric method using a Unimate 3 set
(Hoffmann-La Roche AG, Basel, Switzerland). Reference
values for healthy people estimated by the local laboratory
ranged from 4.3 to 5.7% (35–42 mmol/mol). The urinary
albumin was measured by immunoturbidometric assay
using Tina-quant kit (Boehringer Mannheim GmbH,
Germany). Microalbuminuria was diagnosed when in at
least two out of three urine samples daily albumin
excretion was between 30 and 300 mg/24 h, collected
within 6 months from patients with well controlled diabetes with no clinical or laboratory signs of ketoacidosis. Serum total cholesterol, low density lipoprotein (LDL)
and high density lipoprotein (HDL) cholesterol levels were
assayed by the ARCHITECT cSystem and AEROSET,
Abbott, Wiesbaden, Germany. Lipid profile was assessed
according to the value [25]. Blood pressure was measured
using a 24-h blood pressure monitoring (ABPM) method.
Various sizes of the cuff were used according to age, weight
and arm circumference of the studied subjects. All the
ABPM results, which had less than 80% of technically
correct measurements were excluded from the study.
Threshold values defining range of normal blood pressure
values, pre-hypertension and hypertension state were
according to the centile tables which took into the consideration the gender, age and height centile. Arterial hypertension was diagnosed when mean ABPM values were
above the 95th centile for the corresponding age, gender
and height on at least three separate measurements [26].
In order to enumerate yeast-like fungal colonies in 1 g
faeces, quantitative cultures on Sabouraud Dextrose Agar
were used. The tested materials were fresh faecal samples
from T1DM children and healthy control subjects. The
samples were collected to sterile containers and subjected to
further test procedures. Faecal suspensions in normal saline
in serial dilutions 1:10, 1:100, 1:1000, 1:10,000 were prepared
and incubated for 72 h at 37 °C. According to the number
of colony forming units grown in 1 g faeces the following
index values for the fungus growth were established: from 0
to 10^3 CFU/g and from more than 10^3 to 10^6 CFU/g.
Patients with T1DM and their matched controls were
examined by a pediatrician on the day of collection of
the faecal samples. Medical history was taken and physical examination was performed and did not reveal any
gastrointestinal complaints in either study group. Moreover the study participants had not been receiving antibiotics for up to 3 months prior participation to the study.
Children with symptoms of infection or systemic somatic
illness other than diabetes mellitus were excluded from
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as 5.0 pg/ml. Intra-assay was 53.7 and inter-assay 910 precision performance of the assay were determined on 20 replicates from the quality control data of the laboratory.

Table 1 Clinical characteristics of patients with T1DM and
healthy control subjects
Patients with
T1DM
n = 45

Healthy control
subjects
n = 27

p-value

Age (years)

9.2 +/− 3.6

9.8 +/− 4.5

p = 0.65

Duration of diabetes
(years)

5.0+/− 3.0

———

————

HbA1c %

7.7 ± 1.24

4.2 ± 0.7

P = 0.005*

BMI (kg/m )

21.3 ± 1.9

20.2 ± 1.4

P = 0.59

Albumin excretion rate
(mg/24 h)

13.2 ± 7.4

3.75 ± 0.85

p = 0.007*

Total cholesterol (mg/dl) 176.53 ± 26.9

174.3 ± 32.7

p = 0.089

LDL-cholesterol (mg/dl)

2

Statistical analysis

Statistical analyses were performed with the RKWard
Data Analysis Tool Version 0.6.1 using the KDE Development Platform 4.13.3 [27]. The Shapiro-Wilk’s test was
used to evaluate normality of variables. The differences between the groups were calculated with T Student’s or the
non- parametric U Mann Whitney tests. In all analyses a
two-tailed significance level <0.05 was regarded as statistically significant. A univariate and multivariate logistic forward regression analysis was used to assess the association
between VEGF and clinical parameters and yeast-like fungal
colonies in 1 g faeces with p < 0.05 for entry.

103.8 ± 22.07

95.0 ± 30.6

p = 0.214

HDL-cholesterol (mgl/dl) 54.28 ± 11.38

58.6 ± 13.1

p = 0.098

Systolic blood pressure
(mmHg)

110.0 ± 9.0

p = 0.64

67.0 ± 8.0

p = 0.58

Results

p = 0.001*

The study involved 45 children and adolescent with T1DM
aged 9.2 +/− 3.6 years, and 27 healthy children and adolescents, age range 9.8 +/− 4.5 years. The group of patients
with T1DM showed significantly higher HbA1c levels p =
0.005, albumin excretion rate p = 0.007 and VEGF p = 0.001
versus control subjects. No significant differences were seen
in age p = 0.65, BMI p = 0.59, total cholesterol p = 0.214,
LDL-cholesterol p = 0.214 and HDL-cholesterol levels p =
0.098 versus healthy control subjects. Clinical characteristics of the studied patients with T1DM as well as the control healthy subjects are presented in Table 1.

113.0 ± 10.0

Diastolic blood pressure 70.0 ± 9.0
(mmHg)
VEGF (pg/ml)

324.54 ± 185.61 120.45 ± 38.50

The results are presented as ± SD, significance (p <0.05)
Abbreviations: T1DM diabetes mellitus type 1, BMI body mass index, LDL Lowdensity lipoprotein cholesterol, HDL High-density lipoprotein cholesterol, SBP
systolic blood pressure, DBP diastolic blood pressure, VEGF vascular endothelial
growth factor
*Patients with T1DM vs healthy control subjects

the study. The study patients with T1DM were divided
into two subgroups: with duration of diabetes ≤5 years
and those with disease duration >5 years.
Control group consisted of 27 healthy children and adolescents, age and BMI matched (13 girls and 14 boys).
Written informed consent was obtained from all children and adolescents participating in the study, or from
their parent or guardian. The study was approved by the
Ethics Committee of the Medical University of Gdańsk
(no NKBBN/125/2014) and the investigation was carried
out in accordance with the principles of the Declaration
of Helsinki as revised in 1996.
Serum level of VEGF

Serum level of vascular endothelial growth factor was measured by immunoenzyme ELISA method (Quantikine High
Sensitivity Human by R&D System, Minneapolis, Minn.,
USA) according to manufacturer protocol. Minimum detectable concentrations were determined by the manufacturer

Clinical characteristics of the study participants

Clinical characteristics of T1DM patients according to
their disease duration

The subgroup of T1DM patients with duration of
diabetes ≤5 years was statistically significantly younger,
p = 0.03, and achieved optimal metabolic control, p = 0.01,
versus T1DM patients with duration of diabetes >5 years.
Moreover T1DM patients with disease duration ≤5 years
were found lower total cholesterol level, p = 0.49, lower
LDL level, p = 0.56, and lower VEGF level, p = 0.37,
although none of these differences was statistically significant. Patients with shorter duration of diabetes were
found statistically significantly higher HDL cholesterol
levels versus T1DM patients with disease duration >5 years
(Table 2).

Table 2 Clinical characteristics of T1DM patients according to their disease duration
Duration of diabetes

Age (years)

HbA1c (%)

VEGF (pg/ml)

Total cholesterol (mg/dl)

LDL-cholesterol (mg/dl)

<=5 years n = 31

10 ± 4.0

7.0 ± 1.2

316.5 ± 21.7

172.1 ± 23.4

99.1 ± 17.1

61.12 ± 8.3

>5 years n = 14

13 ± 2.0

8.1 ± 0.9

389.4 ± 23.8

175.2 ± 25.4

105.6 ± 20.1

53.4 ± 12.9

p-value

0.03*

0.01*

0.37

0.49

0.56

0.02*

The results are presented as ± SD, significance (p <0.05)
Abbreviations: VEGF vascular endothelial growth factor, LDL Low-density lipoprotein cholesterol, HDL High-density lipoprotein cholesterol
*Patients with < =5 years vs >5 years duration of diabetes

HDL-cholesterol (mg/dl)
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Table 3 Clinical characteristics of T1DM patients according to the amount of yeast-like fungi colonizing the digestive tract
Yeast–like
fungi

HbA1c %

Total cholesterol (mg/dl)

LDL-cholesterol (mg/dl)

HDL-cholesterol (mg/dl)

VEGF (pg/ml)

10^3 CFU/g
n = 19

7.1 ± 0.8

172.81 ± 29.33

101.87 ± 23.65

59.4 ± 8.3

327.03 ± 179.9

10^6 CFU/g
n = 26

7.4 ± 1.9

183.52 ± 20.89

107.41 ± 18.89

51.6 ± 12.4

370.37
± 194.84

p-value

0.01*

0.14

0.23

0.41

0.32

The results are presented as ± SD, significance (p < 0.05)
Abbreviations: VEGF vascular endothelial growth factor, LDL Low-density lipoprotein cholesterol, HDL High-density lipoprotein cholesterol
*Patients with T1DM and yeast-like fungi 10^3 CFU/g vs 10^6 CFU/g

cholesterol and LDL cholesterol levels and lower but not
statistically significantly VEGF levels versus T1DM patients with the amount of yeast-like fungi 10^6 CFU/g.
Moreover higher HDL levels were observed in this subgroup versus T1DM patients with the amount of yeastlike fungi 10^6 CFU/g, p = 0.41, although the difference
was not statistically significant (Table 3).

Clinical characteristics of T1DM patients according to the
amount of yeast-like fungi colonizing the digestive tract

The subgroup of children and adolescents with T1DM
and yeast-like fungus colony number 10^3 CFU/g was
shown statistically significantly lower HbA1c levels, p =
0.01, lower but not statistically significantly total

800

Investigation of relationship between duration of
diabetes and clinical parameters in T1DM patients

Investigation of relationship between serum VEGF levels
and lipid profile in T1DM children and adolescents

400
200

In the group of T1DM children a positive but statistically insignificant correlation was seen between serum
VEGF and total cholesterol levels, Rs = 0.105, p = 0.459
(Fig. 2a), and between VEGF and LDL cholesterol levels,
Rs = 0.005, p = 0.973 (Fig. 2b). A negative, but statistically
insignificant correlation was found between VEGF and
HDL-cholesterol levels, Rs = 0.002, p = 0.988 (Fig. 2c).
In the next step of the research logistic regression analysis was conducted and showed no effect of HbA1c and
lipid profile on VEGF levels in T1DM patients (Table 4).
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Fig. 1 Correlation between serum VEGF level and duration of diabetes
in T1DM patients
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In T1DM children a positive but statistically insignificant correlation was seen between duration of diabetes
and VEGF levels; Rs = 0.113, p = 0.44 (Fig. 1).

200

400
VEGF [pg/ml]

600

800

200

400
VEGF [pg/ml]

600

800

2

4

6

8

10

12

14

Duration of diabetes [years]

Fig. 2 a Correlation between serum VEGF and total cholesterol levels in T1DM patients. b Correlation between serum VEGF and LDL-cholesterol
levels in T1DM patients. c Correlation between serum VEGF and HDL-cholesterol levels in T1DM patients
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Table 4 Logistic regression analysis results for the influence of
Hb1A and lipid levels on VEGF levels in T1DM patients
β

p-value

HbA1c

31.761001

0.704

Total cholesterol

1.7568

0.441

LDL-cholesterol

−1.6030

0.544

HDL-cholesterol

−0.5385

0.852

Intercept

221.232

0.276

DV : VEGF

Abbreviations: DV dependent variable, β standard coefficient of regression,
VEGF vascular endothelial growth factor, LDL Low-density lipoprotein cholesterol,
HDL High-density lipoprotein cholesterol

Discussion
Our previous studies and studies by other authors have
shown that long-term diabetic complications occur after
5 years of the disease [1, 4, 8]. Therefore for the purpose
of analyses the study patients with T1DM were divided
into two subgroups: patients with duration of diabetes
≤5 years and those with disease duration >5 years. In our
study the subgroup of T1DM children and adolescents
with duration of diabetes ≤5 years and HbA1c level (7.0 +
1.2%) did not show any significant differences in total
cholesterol and LDL cholesterol levels versus T1DM
patients with disease duration >5 years and HbA1c (8.1 +
0.9%). Higher HDL cholesterol levels were seen in T1DM
children with disease duration <5 years and HbA1c =
7.0 + 1.2% versus T1DM patients with disease duration
>5 years and HbA1c = 8.1 + 0.9%. Currently available data
on lipid metabolism in T1DM patients are not unanimous
[6, 28–30]. Recently, unexpected results have been presented by Klein et al., who studied 730 patients for
24 years, each patient having been tested four times, and
did not show any relationship between increased serum
levels of oxidized low-density lipoprotein and frequency of
macular oedema or diabetic retinopathy severity in T1DM
patients [28]. In other studies the authors pointed at lipid
profile abnormalities in patients with disease duration
longer than 5 years, with poor metabolic control and
cardiovascular complications [6, 29, 30].
In our study no significant differences in serum levels
of VEGF were detected in patients with T1DM and
duration of diabetes ≤5 years versus T1DM patients with
disease duration of >5 years. In T1DM children a statistically insignificant correlation was seen between VEGF
levels and duration of diabetes, total cholesterol and
LDL cholesterol levels. This lack of correlation between
VEGF serum levels and lipid metabolism or HbA1c
levels can be partly explained by improved methods of
insulin therapy in T1DM patients and partly by antiinflammatory effects of HDL cholesterol.
Our results are in agreement with other authors who
found a negative correlation between serum VEGF, CRP
and HDL cholesterol levels in T1DM insulin pump
patients [31]. The authors suggested that insulin pump

therapy could result in considerably higher HDL cholesterol levels which could reduce both CRP and VEGF
levels. The continuous insulin infusion with insulin
pump in T1DM patients is likely to prevent atherosclerosis progression, thereby reducing the risk of cardiovascular disease [31]. Admittedly, our previous studies and
studies conducted by other authors showed statistically
significantly higher serum VEGF levels in children and
adolescents with T1DM [32–35]. However the studied
group of T1DM children and adolescents was older,
showed poor metabolic control and had clinically overt
diabetic retinopathy (DR), nephropathy and arterial hypertension [8, 32–35]. In our present study T1DM patients
were free of long-term diabetic complications and had
shorter history of diabetes and lower HbA1c levels.
In the end step of the study the effect of yeast-like
fungi on lipid profile and VEGF levels was investigated.
In the studied group of T1DM children and adolescents
with the amount of yeast-like fungi 10^3 CFU/g significantly lower HbA1c levels were seen as well as lower
total cholesterol, LDL cholesterol and lower serum
VEGF levels versus T1DM patients with the amount of
yeast like fungi colonizing the alimentary tract 10^6
CFU/g. We suggest, that in patients with a short history
of diabetes of <5 years and good metabolic control as
well as normal lipid profile the prevalence of the yeastlike fungi in the digestive tract is not significantly increased. This could be related to the fact that children
had not complained of any gastrointestinal problems
and had not been treated with any antibiotics for up to
3 months prior to their faecal sample collection. What’s
more, about 75% of T1DM patients were administered
insulin therapy with insulin pumps integrated with continuous glucose monitoring systems. It must be emphasized that children with T1DM are currently achieving
HbA1c target levels more and more frequently thanks to
the use of personal insulin pumps integrated with continuous glucose monitoring systems [13–15]. T1DM children
and their parents and/or legal guardians were provided with
comprehensive care educator. Education motivates patients
to respond to the challenges of insulin therapy, eliminates
stress and prevents anxiety about the future [10].

Conclusions
Our study has shown no relationship between serum
VEGF levels and lipid metabolism and no influence of
yeast-like fungi on VEGF levels in T1DM patients. Comprehensive treatment of T1DM patients and intensive
insulin therapy with help of personal insulin pumps can
reduce or prevent the development of long-term diabetic
complications. Further studies in this field are needed.
Abbreviations
BMI: Body mass index; CGMS: Continous glicemic monitoring systems;
DBP: Diastolic blood pressure; DR: Diabetic retinopathy; DV: Dependent

Zorena et al. Italian Journal of Pediatrics (2016) 42:107

variable; HDL: High-density lipoprotein cholesterol; hsCRP: high sensitivity creactive protein; LDL: Low-density lipoprotein cholesterol; SBP: Systolic blood
pressure; T1DM: Type 1 diabetes mellitus; VEGF: Vascular endothelial growth factor

Page 6 of 7

6.

7.
Acknowledgments
The study was financed by the Medical University of Gdańsk (grants: ST-108
and ST-120).
Availability of data and materials
All patients’ raw data and materials are available at the electronic system of
the university hospital. Therefore, the data will not be shared.

8.

9.

Authors’ contributions
KZ, BK participated in the design of the work, analysed and interpreted the
data. Moreover, they drafted the manuscript. BK and MSK participated in the
collection of specimens and clinical data. BK performed serological tests. PW
performed the statistical analysis. MM and MSK, participated in the clinical
evaluation of patients, gave clinical expertise. KZ and MM critically revised
the manuscript and approve final version. All authors read and approved the
final manuscript.

10.

Competing interests
The authors declare that they have no competing interests.

13.

11.

12.

Consent for publication
Not applicable.
14.
Ethics approval and consent to participate
Written informed consent was obtained from all children and adolescents
participating in the study, or from their parent or guardian. The study was
approved by the Ethics Committee of the Medical University of Gdańsk
(no NKBBN/125/2014) and the investigation was carried out in accordance
with the principles of the Declaration of Helsinki as revised in 1996.
Declarations
Informed consent was obtained from the parents of individual participants
included in the study (all children under 16 years). Study procedures were
approved by our research ethics committee.

15.

16.

17.

18.
Author details
1
Department of Immunobiology and Environment Microbiology, Medical
University of Gdańsk, Dębinki 7, Gdańsk 80-211, Poland. 2Department of
Tropical Medicine and Epidemiology, Institute of Maritime and Tropical
Medicine, Medical University of Gdańsk, Gdańsk, Poland. 3Clinics of
Paediatrics, Diabetology and Endocrinology, Medical University of Gdańsk,
Gdańsk, Poland. 4Department of Nuclear Medicine, Medical University of
Gdańsk, Gdańsk, Poland.

19.

20.
21.

Received: 9 September 2016 Accepted: 30 November 2016
22.
References
1. Virk SA, Donaghue KC, Cho YH, et al. Association Between HbA1c Variability
and Risk of Microvascular Complications in Adolescents with Type 1 Diabetes.
J Clin Endocrinol Metab. 2016;101(9):3257–63. doi:10.1210/jc.2015-3604.
Epub 2016 May 17.
2. Chilelli NC, Burlina S, Lapolla A. AGEs, rather than hyperglycemia, are
responsible for microvascular complications in diabetes: a “glycoxidationcentric” point of view. Nutr Metab Cardiovasc Dis. 2013;23(10):913–9.
3. Galler A, Müller G, Schinzel R, Kratzsch J, Kiess W, Münch G. Impact of
metabolic control and serum lipids on the concentration of advanced
glycation end products in the serum of children and adolescents with type
1 diabetes, as determined by fluorescence spectroscopy and nepsilon(carboxymethyl)lysine ELISA. Diabetes Care. 2003;26(9):2609–15.
4. Zorena K, Kula M, Malinowska E, Raczyńska D, Myśliwiec M, Raczyńska K.
Threshold serum concentrations of tumour necrosis factor alpha (TNFα) as a
potential marker of the presence of microangiopathy in children and adolescents
with type 1 diabetes mellitus (T1DM). Hum Immunol. 2013;74(1):75–81.
5. van Dijk JW, Eijsvogels TM, Nyakayiru J, et al. Glycemic control during
consecutive days with prolonged walking exercise in individuals with type 1
diabetes mellitus. Diabetes Res Clin Pract. 2016;117:74–81.

23.

24.

25.

26.
27.
28.

Klein BE, Klein R, McBride PE, et al. Cardiovascular disease, mortality, and
retinal microvascular characteristics in type 1 diabetes: Wisconsin epidemiologic
study of diabetic retinopathy. Arch Intern Med. 2004;164(17):1917–24.
Myśliwiec M, Zorena K, Balcerska A. The contribution of the selected parameters of
lipid metabolism to the development of diabetic nephropathy in children and
adolescents with diabetes mellitus type 1. Diabetol Praktyczna. 2008;9:241–5.
Zorena K, Myśliwska J, Myśliwiec M, et al. Association between vascular
endothelial growth factor and hypertension in children and adolescents
type I diabetes mellitus. J Hum Hypertens. 2010;24(11):755–62.
Agudo J, Ayuso E, Jimenez V, et al. Vascular endothelial growth factormediated islet hypervascularization and inflammation contribute to
progressive reduction of β-cell mass. Diabetes. 2012;61(11):2851–61.
Araszkiewicz A, Zozulinska-Ziolkiewicz D, Trepinska M, Wierusz-Wysocka B.
Knowledge after five-day teaching program in intensive insulin therapy
performed at the onset of type 1 diabetes influence the development of
late diabetic complications. Diabetes Res Clin Pract. 2008;81(1):61–7.
Roberts AJ, Yi-Frazier JP, Aitken KE, Mitrovich CA, Pascual MF, Taplin CE. Do
youth with type 1 diabetes exercise safely? A focus on patient practices and
glycemic outcomes. Pediatr Diabetes. 2016 doi: 10.1111/pedi.12402.
2016 Guidelines on the management of diabetic patients. A position of
Diabetes Poland. Clinical Diabetology. 2016;5(suppl):A1–67.
Rewers MJ, Pillay K, de Beaufort C, et al. International Society for Pediatric
and Adolescent Diabetes. ISPAD Clinical Practice Consensus Guidelines
2014. Assessment and monitoring of glycemic control in children and
adolescents with diabetes. Pediatr Diabetes. 2014;15 Suppl 20:102–14.
doi:10.1111/pedi.12190.
Tumminia A, Sciacca L, Frittitta L, et al. Integrated insulin pump therapy
with continuous glucose monitoring for improved adherence: technology
update. Patient Prefer Adherence. 2015;9:1263–70. doi:10.2147/PPA.S69482.
O’Connell MA, Donath S, O’Neal DN, et al. Glycaemic impact of patient-led
use of sensor-guided pump therapy in type 1 diabetes a randomised
controlled trial. Diabetologia. 2009;52(7):1250–7.
Sartore G, Chilelli NC, Burlina S, Lapolla A. Association between glucose
variability as assessed by continuous glucose monitoring (CGM) and diabetic
retinopathy in type 1 and type 2 diabetes. Acta Diabetol. 2013;50(3):437–42.
Stem MS, Dunbar GE, Jackson GR, Farsiu S, Pop-Busui R, Gardner TW.
Glucose variability and inner retinal sensory neuropathy in persons with
type 1 diabetes mellitus. Eye (Lond). 2016;30(6):825–32.
Soyucen E, Gulcan A, Aktuglu-Zeybek AC, Onal H, Kiykim E, Aydin A. Differences
in the gut microbiota of healthy children and those with type 1 diabetes.
Pediatr Int. 2014;56(3):336–43. doi:10.1111/ped.12243. Epub 2014 Jan 29.
Murri M, Leiva I, Gomez-Zumaquero JM, et al. Gut microbiota in children
with type 1 diabetes differs from that in healthy children: a case-control
study. BMC Med. 2013;11:46. doi:10.1186/1741-7015-11-46.
Arendrup MC. Candida and candidaemia. Susceptibility and epidemiology.
Dan Med J. 2013;60(11):B4698.
Gosiewski T, Salamon D, Szopa M, Sroka A, Malecki MT, Bulanda M.
Quantitative evaluation of fungi of the genus Candida in the feces of adult
patients with type 1 and 2 diabetes–a pilot study. Gut Pathog. 2014;6(1):43.
doi:10.1186/s13099-014-0043-z.
Hirai Y, Asahata S, Ainoda Y, et al. Candidemia Diagnosed from Peripheral
Blood Smear: Case Report and Review of Literature 1954–2013.
Mycopathologia. 2015;180(1-2):111–6.
Kowalewska B, Zorena K, Szmigiero-Kawko M, Wąż P, Myśliwiec M.
Higher diversity in fungal species discriminate children with type I diabetes
mellitus from healthy control. Patient Prefer Adherence. 2016;10:591–9.
doi:10.2147/PPA.S97852.
WHO. Definition. Diagnosis and classification of Diabetes mellitus and its
complications. Report of a WHO consultation. Part 1. Diagnosis and
classification of diabetes mellitus. Geneva: WHO; 2006.
Kwiterovich Jr PO. Recognition and management of dyslipidemia in
children and adolescents. J Clin Endocrinol Metab. 2008;93(11):4200–9.
doi:10.1210/jc.2008-1270.
24th Report The fourth report on the diagnosis, evaluation and treatment of
high blood pressure in children and adolescent. Pediatrics. 2004;114:555–76.
Core Team. A Language and Environment for Statistical Computing. Vienna:
Foundation for Statistical Computing; 2013. https://www.r-project.org/.
Klein R, Myers CE, Lee KE, et al. Oxidized Low-Density Lipoprotein and the
Incidence of Proliferative Diabetic Retinopathy and Clinically Significant
Macular Edema Determined From Fundus Photographs. JAMA Ophthalmol.
2015;133(9):1054–61. doi:10.1001/jamaophthalmol.2015.2239.

Zorena et al. Italian Journal of Pediatrics (2016) 42:107

Page 7 of 7

29. Guy J, Ogden L, Wadwa RP, et al. Lipid and lipoprotein profiles in youth
with and without type 1 diabetes. The SEARCH for Diabetes in Youth Case
Control Study. Diabetes Care. 2009;32(3):416–20. doi:10.2337/dc08-1775.
Epub 2008 Dec 17.
30. Jankowska A, Horodnicka-Józwa A, Walczak M, Petriczko E, Syrenicz A,
Mojsiewicz M. The Assessment of Selected Lipid Parameters in Children
and Adolescents Suffering from Diabetes Mellitus Type 1. Endokrynol
Pediatryczna. 2007;1(18):33–9.
31. Cetinkalp S, Felekoglu C, Karadeniz M, et al. Comparison of the effects of
intensive insulin treatment modalities on cardiovascular biomarkers in type
1 diabetes mellitus. Diabetes Metab Syndr. 2015;9(3):157–62. doi:10.1016/j.
dsx.2015.04.011. Epub 2015 Apr 24.
32. Zorena K, Myśliwska J, Myśliwiec M, Balcerska A, Lipowski P, Raczyńska K.
Interleukin-12, vascular endothelial growth factor and tumor necrosis factoralpha in the process of neoangiogenesis of diabetic retinopathy in children.
Klin Oczna. 2007;109(4–6):155–9.
33. Marek N, Myśliwiec M, Raczyńska K, Zorena K, Myśliwska J, Trzonkowski P.
Increased spontaneous production of VEGF by CD4+ T cells in type 1
diabetes. Clin Immunol. 2010;137(2):261–70. doi:10.1016/j.clim.2010.07.007.
Epub 2010 Aug 11.
34. Chiarelli F, Spagnoli A, Basciani F, et al. Vascular endothelial growth factor
(VEGF) in children, adolescents and young adults with Type 1 diabetes
mellitus: relation to glycaemic control and microvascular complications.
Diabet Med. 2000;17:650–6.
35. Santilli F, Spagnoli A, Mohn A, et al. Increased Vascular Endothelial Growth
Factor Serum Concentrations May Help to Identify Patients with Onset of
Type 1 Diabetes during Childhood at Risk for Developing Persistent
Microalbuminuria. J Clin Endocrinol Metabol. 2001;8:3871–6.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

