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A b s t r a c t

Introduction: Elevated lipid concentrations were observed in adults with 
headaches. However, studies in children are scarce. Recent data suggest 
new potential risk factors for atherosclerosis, which may be associated with 
headaches. The aim of the study was to analyse the blood levels of lipids 
and new markers of atherosclerosis in children with idiopathic headaches.
Material and methods: The study population comprised 65 children (39 
with idiopathic headaches and 26 healthy children). Total cholesterol (TC), 
high-density lipoprotein (HDL), low-density lipoprotein (LDL) cholesterol and 
triacylglycerol (TG) levels were measured in every patient. Brain-derived neu-
rotrophic factor (BDNF), soluble CD40 ligand (sCD40L), endothelial plasmin-
ogen activator inhibitor (serpin E1/PAI I) and vascular endothelial growth 
factor (VEGF) blood level measurements were performed in 34 children.
Results: Children with headaches had higher BMI z-scores (0.2 vs. –1.14;  
p = 0.006). TC level was lower in patients with headaches (121.04 mg/dl vs. 
146.87 mg/dl, p = 0.019). No differences in concentrations of TG, HDL or LDL 
were found. BDNF was significantly higher in the studied group (171.57 pg/
ml vs. 64.04 pg/ml, p = 0.012). The VEGF was higher in boys with headaches 
than in girls (368.27 pg/ml vs. 142.86 pg/ml, p = 0.011). There were no dif-
ferences in levels of VEGF, sCD40L or PAI-1 between groups.
Conclusions: Children with headaches have lower total cholesterol and high-
er BDNF levels than controls. No significant difference in levels of triacyl-
glycerols, HDL cholesterol, LDL cholesterol, VEGF, sCD40L or PAI-1 was found 
between children with headaches and controls.
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Introduction

Headaches are a common disorder that affects 40% to 70% of chil-
dren [1]. It is a significant health concern with complex and multi-faceted 
diagnostics and treatment. Vasospasm and accompanying ischemia play 
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an important role in the primary headache patho-
physiology [2]. Migraine is suggested to be one of 
the first signs of atherosclerosis and disorders in 
lipid metabolism. Disturbances in lipid levels are 
known risk markers for cardiovascular and cere-
brovascular diseases. Elevated lipid concentra-
tions were observed in adult patients with head-
aches. Some authors report a correlation between 
migraine and increased risk of ischaemic stroke in  
adult patients [3]. However, there are only a  few 
studies conducted in paediatric patients. Some 
small clinical studies showed a  relation between 
dyslipidaemia and migraine in children [4, 5]. 
Recent data suggest that new potential risk fac-
tors for atherosclerosis and platelet aggregation, 
such as brain-derived neurotrophic factor (BDNF),  
sCD40L (soluble CD40 ligand), serpin E1/PAI I (en-
dothelial plasminogen activator inhibitor) and 
vascular endothelial growth factor (VEGF), may 
also play a role in the pathogenesis of atheroscle-
rosis and platelet aggregation [6–17]. Exploring 
new ideas about headache pathophysiology may 
provide additional treatment opportunities, espe-
cially in medical prognosis and prevention of vas-
cular risk factors.

The aim of the present study was to analyse lev-
els of total cholesterol, triacylglycerols, high-den-
sity lipoprotein (HDL) cholesterol and low-density 
lipoprotein (LDL) cholesterol in children with idio-
pathic headaches. We have also tried to estimate 
the occurrence of selected risk factors of athero-
sclerosis, inflammation and procoagulant state 
(BDNF, sCD40L, TIMP1, serpin E1/PAI I, VEGF) in 
some of the patients. 

Material and methods

Participants

The study population comprised 65 children, 
divided into two groups: 39 children with idio-
pathic headaches (aged 7–18 years, 26 girls and  
13 boys) and 26 healthy children (aged 7–18, 13 girls 
and 13 boys). Patients with idiopathic headaches 
were recruited from the Department of Paediatric 
Neurology. The control group consisted of healthy 
children admitted to the Department of Paediatric 
Endocrinology for the diagnostics of short stat-
ure. Short stature was defined as a  height that 
is 2 standard deviations (SD) or more below the 
mean height for individuals of the same sex and 
chronological age in a given population. All of the 
patients from the control group presented familial 
short stature or constitutional delay of growth and 
development. Other causes of short stature, such 
as chronic diseases or malnutrition, were exclud-
ed. The design of the study has been approved by 
the Local Ethical Committee. The study was con-
ducted according to the Declaration of Helsinki 

and informed consent was obtained from parents 
or guardians of all children. Signed personal per-
mission was also required for any participant aged 
16 years or over. The research was funded within 
the project no. KNW-2-050/D/5/N.

Biochemical analyses

Antecubital venous blood was collected after  
12 h of fasting and samples were centrifuged with-
in 2 h after being drawn. Lipid parameters (total 
cholesterol (TC), HDL, LDL and triglycerides (TG)) 
were measured using enzymatic methods (com-
mercial Pointe Scientific kits) immediately in fast-
ing plasma for every patient. The rest of the plas-
ma was stored at –80°C for further assays. BDNF, 
sCD40L, serpin E1/PAI-1 and VEGF blood levels 
were analysed using ELISA (R&D Systems) accord-
ing to the manufacturer’s recommendations in  
34 children: 25 patients with headaches (17 girls and 
8 boys) and 9 healthy children (5 girls and 4 boys).

Statistical analysis

Data were analysed using Statistica 12.0 soft-
ware. The normality of distribution of quantitative 
data was evaluated by the Shapiro-Wilk W  test 
and for the homogeneity of variance the Levene 
test was used. To compare the mean values of age 
between analysed subgroups two tests were used: 
Student’s t-test when the distributions of the data 
were normal and the Mann-Whitney U test when 
these distributions differed from the normal dis-
tribution or the assumption of homogeneity was 
violated.

Results

Table I  shows general characteristics of ana-
lysed groups of children as well as mean values 
of biochemical parameters. Children with idio-
pathic headaches had a significantly higher body 
mass index (BMI) z-score than healthy patients 
(0.2 vs. –1.14; p = 0.006). We observed that the 
total cholesterol level was lower in the patients 
with idiopathic headaches compared to controls 
(121.04  mg/dl vs. 146.87  mg/dl) and the differ-
ence was statistically significant (p = 0.019). We 
did not observe any differences in concentrations 
of triacylglycerols, HDL cholesterol or LDL choles-
terol between children with headaches and the 
controls. When we analysed girls and boys sep-
arately, we found a significant difference in total 
cholesterol level between girls with headaches 
and healthy girls (115.44 mg/dl vs. 144.58 mg/dl,  
p = 0.014). In boy subgroups, no differences in 
lipid levels were observed. TG/HDL-C ratio was 
higher in children with headaches (2.36 vs. 0.71,  
p = 0.02) than in controls. There were no differenc-
es in LDL-to-HDL or total cholesterol-to-HDL ratio. 
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Mean BDNF blood levels were significantly 
higher in the studied group than in the healthy 
subjects (171.57 vs. 64.04 pg/ml, p = 0.012) (Fig-

ure 1). In the sex-matched subgroups we found 
mean VEGF blood levels to be significantly high-
er among boys with headaches than in the group 
of girls (368.27 vs. 142.86 pg/ml, p = 0.011) (Fig- 
ure 2). There were no significant differences in lev-
els of VEGF, sCD40L or PAI-1 between groups.

Discussion

To the best of our knowledge, this is the first 
study concerning the correlation between men-
tioned factors and headaches in the literature. 
According to the International Classification of 
Headache Disorders, 3rd edition (beta version) 
created by the International Headache Society, 
the group of idiopathic headaches consists of 
migraine, tension-type headaches, trigeminal au-
tonomic cephalalgias and other idiopathic head-
aches disorders. The risk factors of stroke occur 
more frequently in adult patients with migraine 
than in the healthy population [18]. Studies in 

Table I. Characteristics of paediatric patients with idiopathic headache and controls

Parameter Paediatric patients with 
idiopathic headache 

(n = 39)

Controls
(n = 26)

P-value

Sex, n (%):

Girls 26 (66.67) 13 (50.00) 0.205

Boys 13 (33.33) 13 (50.00)

Age, mean ± SD [years] 12.08 ±4.34 10.98 ±2.90 0.255

BMI z-score, mean ± SD 0.2 ±1.11 –1.14 ±1.45 0.006

Total cholesterol, mean ± SD [mg/dl] 121.04 ±41.62 146.87 ±48.85 0.026

HDL-cholesterol, mean ± SD [mg/dl] 71.32 ±38.08 75.90 ±34.19 0.653

LDL-cholesterol, mean ± SD [mg/dl] 95.27 ±35.15 110.87 ±42.48 0.124

Triacylglycerols, mean ± SD [mg/dl] 68.97 ±38.39 69.66 ±30.85 0.939

TG/HDL-C, mean ± SD 2.36 ±3.91 0.71 ±0.38 0.02

LDL-C/HDL-C, mean ± SD 2.68 ±3.33 1.52 ±0.35 0.60

TC/HDL-C, mean ± SD 3.53 ±4.06 2.00 ±1.07 0.51

Parameter N = 25 N = 9 P-value

Sex, n (%):

Girls 17 (68.0) 5 (55.55) 0.526

Boys 8 (32.0) 4 (44.45)

Age, range [years] 7–18 7–18

BMI z-score, mean ± SD 0.046 ±1.04 –1.58 ±2.04 0.014

BDNF, mean, median, IQR [pg/ml] 171.57, 103.33, 315.47 64.04, 2.67, 606.56 0.012

VEGF, mean, median, IQR [pg/ml] 214.99, 132.60, 265.81 181.99, 173.25, 193.53 0.906

sCD40L, mean, median, IQR [pg/ml] 2168.91, 826.96, 4231.71 2230.73, 1492.87, 478.83 0.148

PAI-1, mean, median, IQR [ng/ml] 82.50, 19.36, 58.55 18.52, 10.58, 21.98 0.148

Figure 1. Mean values of blood BDNF levels in the 
study (S) and control (C) groups
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children did not confirm such a correlation. How-
ever, it was suggested that headaches may be the 
first manifestation of vascular disturbances in 
paediatric patients. Some recent studies reported 
that idiopathic headaches could be the first symp-
tom of early stages of atherosclerosis. Moreover, 
higher prevalence of migraine among young indi-
viduals with a history of stroke, silent infarct-like 
brain lesions and cerebrovascular disorders during 
headaches attacks was reported [19–21].

Dyslipidaemia is one of the recognized risk 
factor for cardiovascular and cerebrovascular dis-
eases. A previous study of Kopyta et al. showed 
that serum triacylglycerol levels are risk factors 
for ischaemic stroke in Polish paediatric patients 
[22]. Some authors suggest that primary head-
aches could be associated with lipid disturbanc-
es. Previously elevated lipid concentrations were 
observed in adult patients with headaches. Some 
authors found a  correlation between migraine 
and increased risk of ischaemic stroke in groups 
of adult patients [3]. Available data for children 
are insufficient and controversial. A  large US 
study revealed no correlation between lipid levels 
and the occurrence of primary headaches in chil-
dren [23]. In contrast, Glueck and Bates reported 
a  relation between severe migraine headaches 
and LDL cholesterol and HDL cholesterol levels in 
boys with primary and familial dyslipoproteinae-
mias [3]. In our study total blood cholesterol level 
was lower in the patients with idiopathic head-
aches. In the study of Ozdemir et al. [24] concern-
ing lipid levels in children with epilepsy, a slightly 
lower level of total cholesterol was also observed 
in the study group than in controls. In adults suf-
fering from migraine lower total cholesterol and 
HDL cholesterol levels were demonstrated when 
compared to non-migrainous headaches suf-
ferers [25]. In contrast to the widely known risk 
related to a  high cholesterol level, some recent 
studies reported that low total cholesterol levels 
may be associated with higher risk of mortality 
due to haemorrhagic stroke and heart failure in 
adults [26]. This mechanism is not well under-
stood and may involve, inter alia, decreased abili-
ty to remove endotoxins and increased metabolic 
stress [27]. We have also observed that patients 
with idiopathic headaches had a higher TG/HDL-C 
ratio compared to controls. Low HDL cholesterol 
and high triacylglycerol levels are known to be 
associated with cardiovascular diseases and di-
abetes mellitus type 2 [28, 29]. Moreover, some 
authors reported that TG/HDL-C ratio could help 
to identify patients at high risk for metabolic dis-
turbances and structural changes in blood vessels 
[30]. However, more clinical studies are needed to 
better understand these effects, especially in the 
paediatric population.

In our study we noted a difference in BMI be-
tween groups. Obesity in children is a significant 
health concern worldwide. According to Ogden  
et al. 16.3% of American children and adolescents 
had a BMI value fulfilling criteria for overweight 
[31]. Obesity is known to be a risk factor for nu-
merous medical conditions, including hyperten-
sion and cerebrovascular and cardiovascular 
disease in adulthood [32–34]. In the adult popu-
lation migraine occurs more frequently in obese 
patients, and obese migraineurs have greater risk 
of transformation from episodic to chronic mi-
graine headaches [35–37]. Data regarding effects 
of obesity and headaches in children are more 
limited. However, an increasing number of reports 
suggest that obesity could also be a risk factor for 
migraine in the paediatric population [38–40]. Our 
study confirmed these findings. 

The BDNF is widely known for its role in the 
central nervous system. Elevated BDNF levels 
were observed in ischaemic changes in the brain 
[41], and they may play an important role in cor-
onary atherosclerosis development [42]. Vascular 
endothelial growth factor (VEGF) is regarded as an 
important factor in angiogenesis, vasculogenesis 
and tissues remodelling [43]. Nevertheless, some 
recent studies suggest its role in energy haemo-
stasis as well as its influence on adipose tissue 
function. The increased expression of VEGF is 
thought to protect against insulin resistance and 
diet-induced obesity [44]. In our study the BDNF 
levels were significantly higher in the group of chil-
dren with headaches. Moreover, VEGF, sCD40L and  
PAI-1 showed a  tendency to be elevated in the 
study group, but with no significant difference. 
Cerebrovascular and cardiovascular diseases may 
remain asymptomatic until middle or even old 
age. The first manifestations of these disturbanc-
es very often engender the risk of serious damage 
to physical and mental health, such as stroke and 
heart attack. Therefore, prevention and searching 

Figure 2. Mean values of blood VEGF levels (pg/ml) 
in the study group (M – males, F – females)
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for new potential markers of vascular diseases 
play an important role in medical practice.

In conclusion, children with idiopathic head-
aches have lower total cholesterol and higher 
BDNF levels than healthy children. There are no 
significant differences in levels of triacylglycerols, 
HDL cholesterol and LDL cholesterol, VEGF, sCD40L 
and PAI-1 between children with idiopathic head-
aches and controls.

The present study has some limitations. First, 
there was a small number of examined patients. 
The low number of participants did not allow us 
to make reliable conclusions, especially about 
sex-dependent differences. However, the prelim-
inary data showed promising potential for further 
study and may enrich the knowledge of headache 
molecular characteristics. It is crucial to increase 
the number of patients to make more convincing 
conclusions. Secondly, morphological bias may in-
fluence the results. We are aware that the blood 
levels of some factors may vary depend on an-
thropometric parameters. However, we recruited 
our control group from children with short stat-
ure from the Endocrinology Department, because 
wide differential diagnosis of these patients al-
lowed us to exclude many diseases and patholog-
ical states that certainly interfere with the results. 

It would also be valuable to assess age-related 
ranges for BDNF, VEGF, sCD40L and PAI-1 blood 
levels, as well as to measure the ultrasonic in-
tima-media complex thickness to give a  more 
complete picture of vascular disturbances in 
children with idiopathic headaches. This area is 
planned to be a subject of research of our sub-
sequent study. 
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