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Abstract
The most frequent cause of hyperthyroidism in children is Graves’ disease (GD). Vascular endothelium is a specific target 
of thyroid hormone. The purpose of this study is to assess flow-mediated dilatation (FMD)% and serum von Willebrand 
factor (vWF) levels in children with newly diagnosed GD to reflect the extent of endothelial dysfunction in those chil-
dren. In this study, 40 children with newly discovered GD and 40 children who were healthy served as the control group. 
Both patients and controls had anthropometric assessment, as well as measurements of fasting lipids, glucose, insulin, high-
sensitivity C-reactive protein (hs-CRP), TSH, and free thyroxine (FT4 and FT3), thyrotropin receptor antibodies TRAbs and 
vWF. Noninvasive ultrasound was utilized to quantify the carotid arteries’ intima-media thickness and the brachial artery’s 
FMD. Patients reported significantly reduced FMD response and greater vWF and hs-CRP levels compared to controls 
(P = 0.001 for each). In multivariate analysis, we reported that vWF was significantly correlated with TSH (OR 2.5, 95% 
CI 1.32–5.32, P = 0.001), FT3 (OR 3.4, 95% CI 1.45–3.55, P = 0.001), TRAb (OR 2.1, 95% CI 1.16–2.23, P = 0.01), and 
FMD% (OR 4.2, 95% CI 1.18–8.23, P = 0.001).
  Conclusions: Children with newly diagnosed GD have endothelial dysfunction, which is shown by impaired FMD and 
increased vWF. These findings support the idea that GD may need to be treated as soon as possible.

What is Known:
• Graves' disease is the most common cause of hyperthyroidism in children.
• vWF is a reliable marker for detection of vascular endothelial dysfunction.
What is New:
• Children with newly diagnosed Graves' disease may have endothelial dysfunction as reflected by impairment of FMD and raised vWF level.
• Measurement of vWF level in children with newly diagnosed Graves' disease can be used for early detection of endothelial dysfunction.
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Introduction

Thyroid autoimmune illness with organ-specific symptoms 
is called Graves’ disease (GD) [1]. It accounts for between 
10 and 15% of thyroid illnesses in children under the age of 
18 and is the most prevalent cause of hyperthyroidism in the 
pediatric population [2]. It peaks during adolescence [3]. 
The etiology of GD is heavily influenced by immunological 
response. Autoantibodies, also known as thyroid-stimulat-
ing hormone receptor antibodies (TRAbs), are made by the 
immune system and cause the thyroid gland to overproduce 
thyroid hormones [4].

Napoli et al. [5] and Cui and Cheng [6] demonstrated 
that vascular endothelium is a specific target of thyroid 
hormones (TH), which can increase the amount of cir-
culating adhesion molecules and nitric oxide (NO) by 
activating endothelium and perhaps slowing down their 
metabolism.

Vascular endothelial cells produce a substantial gly-
coprotein known as von Willebrand factor (vWF). When 
the endothelial cells are harmed, vWF is released into the 
plasma and by far it is the most accepted one for meas-
urement of vascular endothelial dysfunction [7]. This is 
because it responds more rapidly to changes in endothelial 
function than endothelin 1, NO, and others [8]. vWF lev-
els are raised in a number of inflammatory diseases such 
rheumatoid arthritis and vasculitis and are also related to 
inflammation [9].

A decreased vasodilatory response is a hallmark of 
endothelial dysfunction (ED), which is defined by irregu-
larities in the control of the vascular lumen [10]. It is due 
to imbalance between relaxing and vasoconstricting fac-
tors, and pro-inflammatory mediators. Although evalu-
ation of circulating endothelial function markers, such 
as vWF, provides the basis for the diagnosis of ED [1], 
measurement of brachial artery (FMD) is a currently rec-
ognized noninvasive useful technique for the evaluation 
of such ED [11].

Independent of other cardiovascular factors such dyslipi-
demia, obesity, and atrial fibrillation, hyperthyroidism may 
be associated with atherosclerotic cardiovascular disease, 
according to recent adult research [12, 13]. Carotid intima 
medium thickness (CIMT) is important early marker of such 
atherosclerosis [12].

To the best of our knowledge, there is no current 
research addressing the extent of endothelial dysfunction 
in children with GD. In order to determine how severely 
impacted the endothelium of those children is, we ana-
lyzed serum vWF levels, brachial artery (FMD), and 
carotid artery intima-media thickness in children with 
newly diagnosed GD and their relationships with clinical 
and laboratory data.

Patients and methods

Patients

This is a cross-sectional case–control study. It included 40 
children and adolescents (age range: 10–18 years) carried 
the diagnosis of GD (girls = 28; boys = 12). Before begin-
ning medical care, they were all newly diagnosed. They 
were successively chosen during a 2-year period from the 
Children’s Hospital of Assiut University in Assiut, Egypt’s 
Pediatric Endocrinology Clinic. Patients with GD met the 
following criteria: the presence of clinical manifestations 
of hyperthyroidism, thyroid-stimulating hormone (TSH) 
levels were low, free thyroxine (FT4) and free triiodothyro-
nine (FT3) levels were high, thyrotropin receptor antibody 
(TRAb) titers were high, and sonographic features showed 
(decreased inhomogeneous echogenicity and increased vas-
cularization) [14]. Children with other medical, systemic, or 
autoimmune diseases were excluded from the study. Also, 
cases with Graves’ ophthalmopathy, toxic adenoma, toxic 
multinodular goiter, subclinical hyperthyroidism, or those 
who used drugs which may influence the cardiovascular 
parameters were excluded from the study. Forty euthyroid 
healthy children (13 males and 27 females) matched for age, 
gender, pubertal status, and socioeconomic status were also 
included as control subjects. They were all chosen from the 
Assiut Children’s University Hospital’s General Pediatric 
Outpatient Clinic in Assiut, Egypt. They were there for a 
standard check-up at the outpatient clinic. None of the con-
trol subjects had a history of thyroid disease in the past or 
in their families, and all had negative antithyroid antibod-
ies. Before being enrolled in the study, each patient, control 
subject, or their legal guardians gave their informed consent.

Methods

To look for symptoms of thyroid illness or dysfunction, each 
participant got a thorough physical examination. Height and 
weight measurements were taken anthropometrically. The 
following formula was used to determine the body mass 
index (BMI): BMI equals weight (kg) × height (m)2. Stand-
ard deviation scores (SDSs) were used to express BMI in 
order to standardize for age and sex [15] using the Egyptian 
Growth Reference Data [16]. Pubertal development was 
assessed by determining Tanner stage [17]. Blood pressure 
was recorded and expressed as SDSs to normalize for age 
and sex [18].

Vascular ultrasound studies All vascular ultrasound studies 
were performed using the GE Loqic P9 ultrasound system 
(General Electric Medical Systems) with an L3-12 Broad-
band Linear (3 to 12 MHz linear-array transducer).
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Carotid intima‑media thickness measurement The right and 
left carotid arteries were scanned using a preset, standard-
ized scanning methodology to measure the intima-media 
thickness (CA-IMT) in all subjects [19]. The children were 
lying supine, the transducer was placed on the contralateral 
vessel at a rough angle of 45°, and it was placed around 1 to 
2 cm in front of the carotid artery’s bifurcation to get images 
of the right and left common carotid arteries. To assess the 
IMT of the posterior wall near the conclusion of diastole, the 
pictures of each artery were further enlarged (at the onset 
of the QRS complex). The carotid artery’s lumen-intima 
and media-adventitia ultrasonography interfaces were used 
to determine the IMT, which was measured in millimeters 
[20]. Independent, trained readers who were blinded to the 
subject’s clinical information conducted the image analysis.

Evaluation of endothelial function A protocol developed in 
accordance with the recommendations for ultrasonographic 
evaluation of FMD was utilized to assess endothelial func-
tion [21]. Prior to the FMD examination, no high-fat foods, 
vitamin C supplements, stimulant-containing beverages, or 
strenuous exercise were permitted. After 30 min of relax-
ation and with the room temperature set to 20–25 C, the 
examinations were conducted on patients who had been fast-
ing for at least 8 h. All tests were done early in the morning 
to eliminate circadian fluctuations. With the patient at rest, 
the brachial artery was imaged above the antecubital fossa, 
and its diameter was calculated from the B-mode ultrasound 
pictures (baseline brachial artery diameter). The next step 
was to apply a pneumatic tourniquet to the forearm and 
inflate it to a pressure of 250 mm Hg for 4.5 min before 
releasing it to cause reactive hyperemia. Using ultrasonic 
calipers, a second scan of the vessel’s diameter was carried 
out manually at a predetermined distance (maximal brachial 
artery diameter). On a continuously recorded ECG, longi-
tudinal pictures were scanned and taken (in millimeters) at 
end diastole incident with the R-wave [22]. An expert phy-
sician with demonstrated skill in the method conducted the 
examinations. A synchronized ECG was obtained through-
out the procedure. It was determined and the flow-mediated 
dilatation (FMD) was represented as a percentage. FMD 
was determined using the following formula [23]: FMD = % 
mean diameter of the hyperemic flow-baseline diameter/
baseline diameter.

Laboratory evaluation

In order to measure the serum levels of total cholesterol 
(TC), triglycerides, high-density lipoprotein cholesterol 
(HDL-c), low-density lipoprotein cholesterol, glucose, and 
insulin, blood samples were taken after an overnight fast 
of at least 12 h. Standard enzymatic techniques were used 
to measure the levels of TC, TG, HDL-c, and LDL-c using 

reagents from Boehringer Mannheim GmbH (Germany) 
and a fully automated analyzer. The Friedewald equation 
was used to calculate the LDL concentration [24]. Using 
the homeostasis model assessment (HOMA-IR) equation, 
insulin resistance (IR) was estimated as follows: HOMA-
IR is defined as the product of fasting insulin (U/mL) and 
fasting glucose (mmol/L), divided by 22.5 [25], using very 
sensitive immunometric tests (IMMULITE 2000 Third Gen-
eration, Diagnostic Products Corporation, Los Angeles, CA) 
to estimate the serum levels of TSH, FT4, and FT3. TSH, 
FT4, and FT3 reference ranges are as follows: 0.4–4.0 mU/L 
for TSH, 10.0–26.0 pmol/L for FT4, and 3.5–5.5 pmol/L 
for FT3. The high sensitivity C reactive protein (hs-CRP) 
enzyme immunoassay test (ELISA) kit was used to measure 
the serum level of hs-CRP (catalog no. E29-056; Immuno-
spec Corp., Canoga Park, CA, USA). Immunoassays were 
used to measure the serum TRAbs (Microparticle Enzyme 
Immunoassay–MEIA, Abbott AxSYM). Enzyme-linked 
immunosorbent assay was used to measure vWF using a 
commercially available kit (Reads med. Prod. Inc., West-
minster, Colorado, USA).

Statistical analysis

Statistical Package for the Social Sciences version 18.0 was 
used for all statistical analyses (Statistical Package for the 
Social Sciences Inc., Chicago, IL, USA). The data are displayed 
as the mean and standard deviation. For parametric data, the 
Student’s t-test was used to identify between-group differences, 
and for non-parametric data, the Mann–Whitney U test. We 
evaluated the linear relationships between vWF levels and other 
factors using Spearman’s or Pearson’s correlation coefficients 
for data with a normal distribution (non-normally distributed 
data). The independent significant connection between vWF 
and demographic, clinical, and laboratory factors was found 
using multiple logistic regression analysis (presented as odds 
ratios (ORs), 95% CI). Values of p0.05 were regarded as statis-
tically significant for all tests.

Results

The anthropometric, biochemical, and hormonal traits of 
patients and healthy controls are listed in Table 1. In terms 
of age and gender distribution, patients and controls were 
comparable. In comparison to controls, patients had sig-
nificantly lower BMI SDS (P = 0.01) and faster heart rates 
(P = 0.01). Serum levels of vWF were significantly higher 
in GD subjects compared with controls (P = 0.01). However, 
no significant difference was found in the total cholesterol, 
triglycerides, LDL or HDL cholesterol, and HOMA IR 
between patients and controls.

The CA-IMT and peak FMD characteristics of the studied 
groups are reported in Table 2. There was no significant 
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difference between patients and control subjects as regards 
CA-IMT. However, compared to control subjects, patients 
had significantly lower peak FMD response (P = 0.001) 
(Fig. 1).

The correlations between vWF and clinical and biochemi-
cal parameters among children with newly diagnosed GD 
are listed in Tables 3 and 4. We noted negative correlations 
between vWF, with TSH (−0.398, P = 0.01), and FMD % 
(−0.517, P = 0.001). There were positive correlations of 
vWF with FT3 (+ 0.626, P = 0.01), and TRAb (+ 0.456, 
P = 0.001). In multivariate analysis, we reported that vWF 
was significantly correlated with TSH (OR 2.5, 95% CI 
1.32–5.32, P = 0.001), FT3 (OR 3.4, 95% CI 1.45–3.55, 

P = 0.001), TRAb (OR 2.1, 95% CI 1.16–2.23, P = 0.01), 
and FMD% (OR 4.2, 95% CI 1.18–8.23, P = 0.001).

Discussion

In the current study, we observed that endothelial dysfunction 
occurs in children with Graves’ illness as evidenced by FMD 
impairment and elevated vWF. In view of recent research, 
thyroid hormones directly affect the synthesis of many hemo-
static parameters, which results in most of the coagulation 
or fibrinolytic problems linked to thyroid dysfunction [26]. 
vWF is one of these substances that is produced by endothe-
lial cell. Increased levels of vWF have been demonstrated to 
indicate ED. It was found to be elevated in both subclinical 
[27] and overt hyperthyroid adult groups [28].

This study, to our knowledge, is the first to show elevated 
vWF associated with reduced FMD as a marker of endothe-
lial dysfunction in youngsters with newly diagnosed GD. 
Children with GD had significantly greater levels of vWF in 
the current study as compared to control children. Moreover, 
vWF was found to have positive correlation with FT3, while 
negative correlation with TSH remained significant after 
multiple regression analysis. This is in line with research 
by Van Zaane et al. [29] who showed that giving thyroid 
hormone to healthy adult volunteers dramatically raised 
plasma levels of vVF. Moreover, Ordookhani and Burman 
[30] reported that vWF is increased in adults with overt 
hyperthyroidism, where thyroid hormone excess stimulates 
thyroid receptors on endothelial cell and increase vWF level 
by influencing vVF synthesis through altering the expres-
sion of their genes.

Additionally, Popawska-Kita et al. [1] discovered that 
the vWF level in the hyperthyroid group was substantially 
higher than that in the euthyroid control group, while vWF 
did not correlate with FT3 and FT4, with only a substantial 
negative correlation between TSH and vWF.

However, Ellervik et al. [31] concluded that reduced and 
enhanced VWF synthesis may be linked to elevated TSH 
and fT4, respectively. Popławska-Kita et al. [1] tested the 
vWF and fibrinogen in adult hyperthyroidism and stated that 
vWF metabolites have the potential to harm and malfunc-
tion the endothelium. These findings imply a condition of 
relative hypercoagulability in patients with overt and sub-
clinical hyperthyroidism. This condition may raise the risk 
of thromboembolism in those patients. Recently, Yu et al. 
[8] have tested for endothelial dysfunction in hyperthyroid 
rats and found that they had significantly higher values for 
vWF, TM, NO, ET-1, and P-selectin than control with the 
electron microscope showed a certain degree of endothelial 
injury of their abdominal aorta.

In the present work, we showed a substantial positive 
correlation between vWF and serum TRAbs levels, which 

Table 1  Clinical and laboratory characteristics of the studied groups

Data are means ± standard deviation (SD)
BMI-SDS body mass index standard deviation score, TSH thyroid-
stimulating hormone, FT4 free thyroxine, FT3 free triiodothyronine, 
TRAbs thyrotropin-stimulating hormone receptor antibodies, high-
sensitivity C-reactive protein,  HOMA-IR homeostasis model assess-
ment, HDL-c high-density lipoprotein cholesterol, LDL-c low-density 
lipoprotein cholesterol, vWF von Willebrand factor, NS non-significant

Characteristics GD cases
(n = 40)

Controls
(n = 40)

P-value

Female/male 28/12 27/13 NS
Age(years) 15.1 ± 3.1 14.2 ± 3.3 NS
BMI SDS −0.32 ± 1.09 0.38 ± 2.43 0.01
Heart rate; beat per minute 116 ± 14 94 ± 8 0.01
Systolic BP SDS 0.68  ± 04 0.64  ± 0.3 NS
Diastolic BP SDS 0.38  ± 0.2 0.34  ± 0.07 NS
TSH (mIU/ml) 0.044 ± 0.03 2.95 ± 0.8 0.001
FT4 (pmol/l) 37.8 ± 9.3 14.43 ± 2.54 0.001
FT3 (pmol/l) 16.4 ± 4.4 4.21 ± 2.3 0.001
Total cholesterol (mg/dl) 143.2 ± 23.5 150.5 ± 15.1 NS
Triglycerides (mg/dl) 113.2 ± 19.1 115.1 ± 14.3 NS
LDL-c (mg/dl) 72.5 ± 65.2 75.6 ± 13.3 NS
HDL-c (mg/dl) 46.1 ± 7.8 43.9 ± 5.6 NS
Fasting blood glucose (mg/dl) 92.4 ± 9.8 88.6 ± 10.9 NS
Fasting insulin (lU/mL) 7.2 ± 2.2 8.6 ± 2.3 NS
HOMA-IR 1.6 ± 0.9 1.7 ± 0.8 NS
hs-CRP (mg/L) 329 ± 20.5 67.9 ± 12.8 0.001
vWF (ng/ml) 45.32 ± 11.5 6.2 ± 1.2 0.001

Table 2  CA-IMT, and FMD % values in the studied groups

Data are expressed as mean ± SD
CA-IMT carotid intima-media thickness, FMD flow-mediated dilation, 
ns non-significant

GD cases
(n = 40)

Controls
(n = 40)

CA-IMT, mm 0.43 ± 0.07 ns 0.43 ± 0.086 NS
FMD, % 5.42 ± 2.15 11.42 ± 2.28 0.001
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remained significant following regression analysis and sug-
gested a direct causative link between TRAbs and vWF. 
TRAbs which are involved in the pathogenesis of GD are 
associated with immune and inflammatory activities which 
induce increased vWF. This is in accordance with Coban 
et al. [32] study on subclinical hyperthyroid adults. So, it 
is suggested that elevated vWf concentrations are depend-
ent not only on excess thyroid hormones but also on auto-
immune factors. So, in addition to thyroid hormones and 
autoantibodies, measurement of vWF levels in children with 
newly diagnosed GD may be relevant as a clinical diagnostic 
for disease activity. However, it is crucial to note that neither 
our study nor the E Coban study was able to distinguish 
between the impact of autoimmunity and excessive thyroid 
hormone on the elevation of vWf.

CRP is a crucial component of low-grade artery wall 
inflammation, which is regarded to be the prelude to the 
development of atherosclerotic plaques, which happen just 
before structural changes. The effect of hyperthyroidism on 
CRP is still debatable [1]. Children with GD in this study 
had significantly greater circulating levels of hs CRP than 

did control children. These results are in line with those of 
Savas et al. [33] who found that adult GD patients had higher 
levels of systemic inflammation. Furthermore, we found that 
hs CRP levels were positively correlated with vWF levels. 
Increased production of these inflammatory markers could 
exacerbate endothelial dysfunction and confirm earlier find-
ings linking inflammation to an increased risk of cardiovas-
cular disease [34].

A 5-min period of distal limb ischemia causes the con-
duit vasodilator response of the brachial artery, known as 
FMD. The FMD process is endothelium dependent when 
carried out properly. Interventions that enhance endothe-
lial function and FMD lower cardiovascular mortality and 
morbidity. Brachial FMD responses closely correlate with 
coronary endothelial function and predict cardiovascular end 
points [35]. According to this study, children with GD had 
significantly reduced brachial artery FMD% than matched 
controls, suggesting that endothelial function was compro-
mised in these individuals. Moreover, FMD% correlated 
negatively and significantly with vWF that remained sig-
nificant after regression analysis suggesting that endothelial 

Fig. 1  These images compare 
the CIM-T and FMD between 
control (female child 16 years) 
and another with Grave’s 
disease (female child 16 years 
old). A CIM-T in control and 
B in patient where it measures 
0.5 mm with no significant 
differences. C Brachial artery 
diameter in control 18 mm and 
D FMD response to pneumatic 
inflation of tourniquet where it 
increases to 20 mm. E Brachial 
artery diameter in patient with 
Grave’s disease 19 mm and F 
FMD response to pneumatic 
inflation of tourniquet where it 
shows no significant change in 
brachial artery diameter
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dysfunction and endothelial activation are closely related 
to each other with established endothelial cell abnormali-
ties in those children with GD. In this regard, a cohort of 
hypertensive and healthy adults according to Felmeden et al. 
[36] revealed a strong negative association between FMD% 
and vWF. Despite being an approved method for measur-
ing endothelial function, FMD% is labor-intensive, is highly 
observer-dependent, and requires specific tools and technical 
expertise. Measurement of vWF levels may be a more practi-
cal diagnostic for the evaluation of endothelial abnormali-
ties in such patients because vWF is a particular, persistent, 

circulating product of the endothelial cells and because of 
the tight link between it and FMD.

Endothelial dysfunction is thought to be an early and 
essential sign of atherosclerotic disease, and it can appear 
in the first 10 years of life35. The clinical end points for 
cardiovascular illnesses, such as acute myocardial infarc-
tion and cerebrovascular events, are risk assessed using the 
CA-IMT as a surrogate marker of atherosclerosis. Despite 
our findings of FMD abnormalities in such situations, there 
was no significant difference in CA-IMT between the patient 
group and the control group in this study. However, Bilir 
et al. [12] and Vo ̈was no significant difference in CAlzke 
et al. [37] found that adult Graves’ hyperthyroidism is asso-
ciated with significantly increased CIMT, positive relation 
with advanced age. In addition, they found that treatment 
of Graves’ hyperthyroidism with propylthiouracil decreases 
the CA-IMT. Such discrepancy from our results can be 
explained by young age of our study population and the 
short-term onset of Graves’ disease in them. In this context, 
Babar et al. [38] reported no difference in CA-IMT in a 
cohort of a children with type 1 diabetes mellitus compared 
to controls in spite of low FMD%. This can be explained 
by the fact that although FMD is a dynamic measure that 
represents the impact of both acute and chronic factors on 
endothelial function, CA-IMT is a measure of structural 
long-term alterations [39]. Therefore, impaired FMD in our 
patients can only be an early stage before any CA-IMT alter-
ation. It is crucial to be able to spot these early alterations 
in vascular function in kids with Graves’ disease because 
endothelial dysfunction has been demonstrated to be inde-
pendently related with the development of alterations in CA-
IMT over time [40].

Notably, no medication that successfully target and repair 
damaged vascular endothelial cells have been approved for 
clinical use in the treatment of individuals with ED. None-
theless, exercise and lifestyle changes are extremely impor-
tant in the therapy of patients with GD and elevated vWF. 
Physical activity has been shown to have positive effects on 
the treatment of ED, including an increase in the bioavail-
ability of nitric oxide (NO), a decrease in oxidative stress, 
an increase in the number of circulating endothelial progeni-
tor cells, a suppression of pro-inflammatory cytokines, and 
increase in the activity of the AMPK SIRT1 and miR-126. 
Two important exercise-protection sensors (SIRT1 and miR-
126) could serve as brand-new therapeutic targets for the 
treatment of endothelial injury [41].

Limitations

This study’s main constraints include its cross-sectional 
design and small sample size, which make cautious inter-
pretation of the findings necessary. Another limitation is 

Table 3  Correlation between vWF and various confounding variable 
among GD cases (n = 40)

SDS-BMI standard deviation scores of body mass index, SBP systolic 
blood pressure, DBP diastolic blood pressure, HOMA-IR the homeo-
stasis model assessment of insulin resistance, HDL-c high-density 
lipoprotein cholesterol, CA-IMT carotid intima media thickness, hs-
CRP high-sensitivity c reactive protein, FMD flow-mediated dilation, 
TRAb thyrotropin receptor antibodies, TSH thyroid-stimulating hor-
mone, FMD flow-mediated dilation, ns non-significant

Confounding variables r value P value

Age 0.164 NS
SDS-BMI −0.50 NS
SBP (mmHg) 0.163 NS
DBP (mmHg) 0.142 NS
Total cholesterol (mg/dl) 0.171 NS
Triglycerides (mg/dl) 0.133 NS
HDL-c (mg/dl) 0.111 NS
LDL-c (mg/dl) 0.081 NS
Insulin (lU/mL) 0.82 NS
HOMA–IR 0.117 NS
hs-CRP (mg/L) 0.426 0.001
TSH (mIU/ml) −0.534 0.001
FT4 (pmol/l) 0.091 NS
FT3 (pmol/l) 0.626 0.001
TRAb (IU/L) 0.456 0.001
CA-IMT (mm) 0.135 NS
FMD % −0.517 0.001

Table 4  Multivariate logistic regression analysis between vWF % and 
various variables in children with GD

FMD flow-mediated dilation, CI confidence interval, TRAb thyrotro-
pin receptor antibodies, TSH thyroid-stimulating hormone
**Significance: 0.01; ***Significance: 0.001

Confounding variables Odds ratio 95% confidence 
interval (CI)

TSH (mIU/ml) 2.5** 1.32–5.32
FT3 (pmol/l) 3.4** 1.45–3.55
TRAb( IU/L) 2.1** 1.16–2.23
FMD% 4.2*** 1.18–8.23
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the lack of information regarding the length of thyroid dys-
function before a verified diagnosis. Additionally, because 
patients self-referred for care, there may be selection bias 
when extrapolating the clinical traits of this cohort to the 
overall population with GD. Also follow-up assessment of 
the biomarkers was mandatory in this study; however, some 
of our patients were missed follow-up visit, due to either 
long distance from their residence or poor compliance so the 
remaining number was too small to be analyzed.

Conclusions

In conclusion, the present study showed that children with 
Graves’ disease experience endothelial dysfunction, as demon-
strated by impairment of FMD and raised vWF. So it is advised 
to measure the plasma levels of vWF in all children with overt 
hyperthyroidism in order to identify extent of endothelial dys-
function with early diagnosis and follow-up so as to reduce risk 
of cardiovascular and thromboembolic complications.
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