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Macrovascular and microvascular diseases are currently the 
principal causes of morbidity and mortality in patients with type 
1 and type 2 diabetes mellitus [1]. Loss of the modulatory role 
of the endothelium may be a critical and initiating factor in the 
development of diabetic vascular disease [2]. Endothelial cells are 
responsible for controlling blood vessel tonus and its response 
to physiological and pathological stimuli, and for the release of 
vasodilating agents (nitric oxide, prostacyclin, endothelial derived 

hyperpolarizing factor). Therefore, the functioning endothelium 
keeps the blood vessels intact by releasing anticoagulating, anti-
inflammatory, fibrinolytic and vasodilating agents in order to save 
the blood vessels from destructive oxidative stress. Endothelial 
dysfunction is defined as impaired vasodilation in response to 
acetylcholine or hyperemia (both induce nitric oxide-dependent 
vasodilation) [1]. Endothelial function, defined as an increase in 
blood vessel diameter or flow in response to appropriate stimuli, 
can be measured by physiological, mechanical or biochemical 
means [2,3]. Quantitative coronary angiography is considered the 
gold standard method for assessing endothelial dysfunction, but 
this method is invasive and expensive, and is available in only 
a few centers. In addition, it requires expertise and poses risks. 
However, there are two alternative non-invasive methods: brachial 
artery ultrasound scanning, and peripheral arterial tonometry. 
With the first method, ultrasonography is used to measure the 
change in the brachial artery diameter in response to the release 
of the arterial occlusion, which typically lasts 5 minutes. The 
advantages of this method are its simplicity and its non-invasive 
nature. However, it does have drawbacks: the results are operator 
dependent and there are no corrections for potential systemic 
autonomic nervous system activation [3,4]. 

Genetic factors seem to play a role in the tendency of 
diabetic patients to develop atherosclerosis. The haptoglobin 
gene is one such factor [5]. Haptoglobin is a serum protein that 
has two alleles (1 and 2). The genotype (chromosome 16) can 
be homozygous for 1 (Hp 1-1), homozygous for 2 (Hp 2-2) or 
heterozygous (Hp 1-2). These alleles are differently distributed 
around the world. In Israel, 9% of the population are 1-1, 49% 
are 2-2 and 42% are 1-2 (as in the United States and Europe). 
The distribution among diabetic patients is similar to that in 
the general population [6]. Haptoglobin is an antioxidant, prob-
ably stabilizing the heme in the hemoglobin. The ability of the 
haptoglobin to protect the heme from oxidative stress can be 
damaged during the process of hemoglobin glycosylation, as seen 
in diabetes [5]. It was recently demonstrated that diabetic indi-
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and macrovascular diseases, potentially manifested as endothelial 
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1-1 has been shown to have a protective role in inhibiting the 
development of complications. Although complications from type 1 
diabetes are infrequent during childhood, endothelial dysfunction, 
which is an early marker of vascular complications, may occur.

Objectives: To evaluate endothelial function in adolescents 
with type 1 diabetes before the development of complications and 
to test for potential relationships between endothelial dysfunction 
and haptoglobin genotype.

Methods: The study group comprised 15 adolescents with type 
1 diabetes. All underwent a general physical examination, diabetes 
control evaluation (including HbA1c levels), endothelial function 
assessment and haptoglobin genotype determination. 

Results: There was a significant negative correlation between 
HbA1c levels and endothelial function (r = -0.48, P < 0.05), and 
HbA1c was significantly higher in patients with endothelial dysfunction 
than in those with normal endothelial function (9.9 ± 2.2 vs. 7.7 ± 
1.0 mg/dl, P < 0.05). In addition, there was a tendency toward a 
positive correlation between high density lipoprotein and endothelial 
function (r = 0.4, P < 0.1). There was no correlation between the 
haptoglobin genotype and endothelial function.

Conclusions: These results show that even in patients 
without complications, uncontrolled type 1 diabetes is associated 
with endothelial dysfunction, which may lead to microvascular 
complications in the future. 
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viduals who are homozygous for haptoglobin 1 are less affected 
by oxidative stress than those who are homozygous to allele 2, 
as their glycosylated hemoglobin is eliminated by macrophages 
[7]. Indeed, studies have shown that the haptoglobin gene is an 
independent risk factor for coronary heart disease in patients 
with type 2 diabetes mellitus. In addition, it was found that an 
antioxidant agent such as vitamin E can be helpful in patients 
with haptoglobin 2-2. These studies were performed on adult 
type 2 diabetic patients; studies on children with type 1 diabetes 
are sparse [8-11]. 

In the current study we sought to examine the association 
between diabetic profile, haptoglobin genotype and endothelial 
function among adolescents with type 1 diabetes prior to the 
development of any complication. We hypothesized that endo-
thelial dysfunction will correlate with longer duration and poorer 
control of diabetes. We further hypothesized that haptoglobin 1-1 
will protect diabetics from developing this disorder.

Patients and Methods
Fifteen patients, age 14–20 years, with type 1 diabetes of 2 
months to 10 years duration (4.1 ± 2.6 years) were recruited 
from the diabetic clinic at Meyer Children’s Hospital, Rambam 
Medical Center. Ophthalmology follow-up and creatinine level 
were normal in all patients and none had microalbuminuria; 
blood pressure was normal and there were no signs or pre-
sumed symptoms of peripheral neuropathy. Exclusion criteria 
included a complication of diabetes (diabetic retinopathy, ab-
normal kidney function, hypertension, or neuropathy). Patients 
who were included in the study were treated solely with insulin 
and with no other medication, and none of them were smok-
ers. The study was approved by the Rambam Institutional 
Review Board, and patients (or their parents, depending on 
the patient’s age) gave their signed informed consent prior to 
participation (patients < 18 years old agreed to participate but 
their parents signed the consent form). Anthropometric and 
physical data for each participant were taken from the medical 
charts or were recorded by the investigators during the test 
(height, weight, etc.). Levels of high density lipoprotein and low 
density lipoprotein as well as total cholesterol and triglycerides 
were available for each patient during the month preceding 
the study. HbA1c levels were measured during the first week 
of the study. In addition, on the first day of the study, prior to 
studying endothelial function, we measured the blood glucose 
level (using Elite, a commercial glucometer). The test was done 
in the morning (8:00–10:00) and the participants were asked to 
fast for at least 3 hours before the test. The blood glucose level 
range was 80–180 mg/dl (those with a lower glucose level had 
to eat or drink, and those with a higher level were excluded 
in order to prevent the influence of hyperglycemia). In each 
participant endothelial function was assessed by means of 
peripheral arterial tonometry, after which a blood sample for 
the haptoglobin phenotype was taken

Assessment of endothelial function
Endothelial function was assessed utilizing the ENDO-PAT200 
device (Itamar Medical Ltd., Caesarea, Israel). This method has 
been previously described in detail [12]. Briefly, it is a non- 
invasive technique that analyzes endothelial function by reactive 
hyperemia in response to arterial occlusion, using a pneumatic 
probe attached to the subject’s second finger. The pulse wave 
amplitude changes in the digital arteries are assessed following 5 
minutes of brachial arterial obstruction (inflating a blood pressure 
cuff to 50 mmHg above systolic pressure), using a special finger 
plethysmograph. The results from the tested arm are corrected for 
potential systemic changes, based on the pulse wave amplitude 
from the non-tested (control) arm. A decrease (vasoconstriction) 
or lack of increase (vasodilation) indicates endothelial dysfunc-
tion. Based on data from our laboratory and the manufacturer’s 
operating manual, the normal threshold stands at 1.67 for 
young adults [11,13]. There are only a few reports regarding the 
normal endo-PAT threshold for children and adolescents [14], 
suggesting that this threshold value may apply for adolescents as 
well. Therefore, in the current study we adopted these reference 
values and considered the normal threshold as 1.67. All tests 
were performed by the same investigator who was not blinded 
to the clinical data.

Data analysis
Statistical analysis included comparisons between biochemical 
values and endothelial function in patients with various disease 
durations, as well as between patients with normal or impaired 
endothelial function. In addition, correlation analyses were per-
formed between the indices of diabetes and endothelial dysfunc-
tion. The results are expressed as average ± standard deviation. 
The statistical test used was the two-tailed t-test, with P < 0.05 
considered statistically significant. 

Results 
Nine of the 15 study patients were males (60%). Table 1 sum-
marizes the comparisons between the patients with impaired 
and normal endothelial function. There were no differences in 
age, gender, duration of illness, body mass index, blood pres-
sure, triglycerides or cholesterol between the two groups. A 
significantly higher level of HbA1c was found in the endothelial 
dysfunction group compared to the normal endothelial function 
group. Furthermore, there was a significant negative correlation 
between HbA1c and endothelial function (r = -0.48, P < 0.05) 
[Figure 1]. 

Interestingly, with increasing age the endothelial function was 
better (r = 0.47, P < 0.05). In addition, there was a tendency 
(although not statistically significant) for a positive correlation 
between HDL and endothelial function (r = 0.4, P < 0.1). There 
was no correlation between the haptoglobin genotype and endo-
thelial function [Table 2].

Discussion
This study demonstrates that in a group of adolescents with type 
1 diabetes mellitus, uncontrolled diabetes (manifested by higher 
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HbA1c) is associated with endothelial dysfunction. Reduced HDL 
also seems to relate to endothelial dysfunction, although to a 
lesser extent. Surprisingly, we did not find a protective effect of 
the haptoglobin genotype 1-1, which may be related to the small 
number of patients. 

The association between uncontrolled diabetes and endothe-
lial dysfunction is not surprising. Hyperglycemia is well known 
for its influence on the pathogenesis of diabetic complications. 

Hyperglycemia induces acute changes in in-
tracellular metabolism, as well as long-term 
changes in macromolecules through the 
formation of advanced glycation end-prod-
ucts. All pathways lead to oxidative stress, 
which is followed by endothelial damage 
[1]. A close relationship between endothelial 
dysfunction and metabolic control was found 
in streptozocin-diabetic rats in which the 
degree of hyperglycemia was manipulated with 
subcutaneous insulin implants [1]. In addi-
tion, another research showed that metabolic 
control and HbA1c levels were unbalanced 
and high in cases of endothelial dysfunction 
[15]. However, other studies did not find such 
a relationship between glucose levels, HbA1c, 
metabolic control and endothelial dysfunc-
tion [16-18]. The reason for the inconsistent 
reports is not clear at this time. There may 

be some important factors that modulate the effect of glucose 
and HbA1c on endothelial function. Indeed, it was shown in 
adults that the haptoglobin genotype 1-1 may protect against 
cardiovascular complications of diabetes (and thus probably also 
against endothelial dysfunction) [5]. In our study we did not find 
such an effect, but the current study was probably under-powered 
to show such an effect. Since the prevalence of haptoglobin 1-1 
in the population is relatively low, large numbers of participants 
are necessary to determine the influence of this serum protein. 
In addition, the association between endothelial dysfunction and 
diabetes should be assessed differently in adults because many 
type 2 diabetic patients have several risk factors, and there are 
also some differences in the pathogenesis of the complications 
of diabetes. Therefore, comparing studies of adults with type 2 
diabetics to those of type 1 diabetic children is problematic. 

The correlation we found between age and endothelial 
function is somewhat surprising. There are insufficient data on 
normal endothelial function during childhood and adolescents 
and the effects of growth on this functioning. These results may 
be related to the smaller finger diameter of children compared 
to adults. While the method we used is well reported in adults 
[8,12,13,19-21], the experience in children is sparse. Additional 
studies and a long-term follow-up of the participants from 
all previous studies will probably shed light on this unclear 
finding.

Another observation in our study was the tendency toward 
correlation between lipid profile and endothelial function. The 
endothelial function improved as the levels of HDL increased 
and the levels of LDL decreased (albeit not significant). These 
relationships could be expected and are in concert with many 
previous publications stressing the importance of lipid profile in 
assessment of cardiovascular risks. HDL has several roles: remov-
ing cholesterol from the blood vessel, maintaining endothelial 
cell integrity, reducing platelet aggregation and coagulation and 

LDL = low density lipoprotein

Table 1. Comparison between patients with normal and impaired endothelial function

Parameter
All participants
(n=15) 

Normal endothelial 
function (A)
(n=8)

Impaired endothelial 
function (B)
(n=7)

P value
(comparing 
A and B) NS

Age (yrs) 17.4 ± 1.7 18 ± 1.25 16.67 ± 1.87 0.140

Duration of illness (yrs) 4.1 ± 2.6 4 ± 2.93 4.1 ± 2.38 0.963

Body mass index 22.2 ± 2.6 21.82 ± 2.84 22.69 ± 2.46 0.535

Systolic blood pressure (mmHg) 117 ± 12 116 ± 14.25 117.71 ± 9.27 0.785

Diastolic blood pressure (mmHg) 62 ± 6 60.25 ± 6.71 63.86 ± 4.38 0.236

HbA1c (%) 8.7 ± 2 7.66 ± 1 9.89 ± 2.24 0.042

Triglycerides (mg/dl) 77 ± 36.4 71.86 ± 35.31 83 ± 40.05 0.609

Total cholesterol (mg/dl) 171.8 ± 35.3 161.73 ± 15.37 180.43 ± 45.84 0.342

HDL (mg/dl) 56.5 ± 16.4 60.57 ± 18.54 52.47 ± 14.13 0.191

LDL (mg/dl) 100 ± 30 88.86 ± 8.82 111.47 ± 40.13 0.377

Fasting glucose (mg/dl) 145 ± 25 137.88 ± 27.6 152.86 ± 21.87 0.263

Endothelial function (PAT score) 1.68 ± 0.5 2 ± 0.46 1.33 ± 0.16 0.004

Data in the table represent average ± standard deviation

Figure 1. Correlation between HbA1c and endothelial function. Note 
that as HbA1c increases so the endothelial function index decreases 
(indicating worse function). The correlation coefficient is r = -0.48, P 
< 0.05.
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Table 2. Endothelial function in various 
haptoglobin genotypes

Haptoglobin
genotype

Normal  
endothelial 
function

Endothelial
dysfunction

1-1 2 1

2-1 1 2

2-2 5 4

Numbers indicate the patients in each category
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potentiating vasodilation. Indeed, improved endothelial function 
with increasing HDL level is well established [22-25]. 

Our study has several limitations. The main limitation was 
the relatively small sample size. Due to difficulties in recruit-
ing patients and especially in the light of strict inclusion and 
exclusion criteria (fasting 3 hours prior to the study, glucose 
levels of 60–180 mg/dl, etc.), we did not succeed in recruiting 
a large-enough group within a reasonable time. We believe the 
small sample size mostly affected the investigation for the effect 
of haptoglobin genotype. Yet, the statistically significant effect of 
HbA1c despite the small sample size emphasizes the importance 
of this finding. The second limitation was the lack of a control 
group which could have helped in interpreting the findings. This 
was due to ethical issues and difficulties in recruiting healthy 
children for a study involving blood sample drawing and endo-
thelial function assessment. Third, the current study assessed 
endothelial function by response to ischemia-related hyperemia, 
but it did not document the potential for vasodilation due to 
non-endothelial related mechanisms (i.e., direct smooth muscle 
relaxation by nitroglycerin). Therefore, there may be a ceiling 
effect on our results, although this is unlikely.

Despite these limitations, we believe our findings are impor-
tant and further support the previously reported requirement for 
tight control of blood glucose levels. Moreover, it is tempting 
to recommend the routine use of endothelial function tests for 
early detection of diabetes complications. Obviously, additional 
large-scale studies with control groups are warranted. 

Acknowledgment. We wish to thank Prof. Andrew Levy of the 
Technion Faculty of Medicine for his insight and for his help with 
the haptoglobin analyses.
This study was supported by a fund from the Israeli Society for 
Clinical Pediatrics.

References 
1. De Vriese AS, Verbeuren TJ, Van de Voorde J, Lamiere NH, 

Vanhoutte PM. Endothelial dysfunction in diabetes. Br J Pharmacol 
2000;130:963–74.

2. Calles-Escandon J, Cipolla M. Diabetes and endothelial dysfunc-
tion: a clinical perspective. Endocr Rev 2001;22:36–52.

3. Landmesser U, Horing B, Drexler H. Endothelial function. A 
critical determinant in atherosclerosis. Circulation 2004;109(Suppl 
2):27–33.

4. Blum A, Shenhav M, Baruch R, Hoffman M. Endothelial dysfunc-
tion in preeclampsia and eclampsia: current etiology and future 
non-invasive assessment [Review]. IMAJ 2003;5:724–6.

5. Levy AP, Hochberg I, Jablonski K, et al. Haptoglobin phenotype 
is an independent risk factor for cardiovascular disease in indi-
viduals with diabetes: the strong heart study. J Am Coll Cardiol 
2002;40:1984–90.

6. Levy AP. Haptoglobin: a major susceptibility gene for diabetic 
cardiovascular disease. IMAJ 2004;6:308–10. 

7. Asleh R, Marsh S, Shilkrut M, et al. Genetically determined 
heterogeneity in hemoglobin scavenging and susceptibility to 
diabetic cardiovascular disease. Circ Res 2003;92:1193–200.

8. Mahmud FH, Earing MG, Lee RA, Lteif AN, Driscoll DJ, Lerman 

A. Altered endothelial function in asymptomatic male adolescents 
with type 1 diabetes. Congenit Heart Dis 2006;1:98–103. 

9. Romano M, Pomilio M, Virgneri S, et al. Endothelial perturbation 
in children and adolescents with type 1 diabetes. Diabetes Care 
2001;24:1674–8.

10. Slyper AH. Clinical review 168: What vascular ultrasound test-
ing has revealed about pediatric atherogenesis, and a potential 
clinical role for ultrasound in pediatric risk assessment. J Clin 
Endocrinol Metab 2004;89:3089–95.

11. Aburawi E, Liuba P, Pesonen H, et al. Acute respiratory viral 
infections aggravate arterial endothelial dysfunction in children 
with type 1 diabetes. Diabetes Care 2004;27:2733–5.

12. Yinon D, Lowenstein L, Suraiya S, et al. Pre-eclamptic toxemia 
is associated with sleep disordered breathing and endothelial 
dysfunction. Eur Respir J 2006;27:328–33.

13. Itzhaki S, Lavie L, Pillar G, Tal G, Lavie P. Morning-evening 
variation of endothelial function in obstructive sleep apnea. Sleep 
2005;28:594–600.

14. Haller MJ, Stein J, Shuster J, et al. Peripheral artery tonometry 
demonstrates altered endothelial function in children with type 1 
diabetes. Pediatr Diabetes 2007;8:193–8

15. Jorgensen RG, Russo L, Moore WV. Early detection of vascular 
dysfunction in type 1 diabetes. Diabetes 1988;37:292–6.

16. Johnstone MT, Creager SJ, Scales KM, Cusco JA, Lee BK, Creager 
MA. Impaired endothelium-dependent vasodilation in patients 
with insulin-dependent diabetes mellitus. Circulation 1993;88:2510–
16.

17. Clarkson P, Celermajer DS, Donald AE, et al. Impaired vascular 
reactivity in insulin-dependent diabetes mellitus is related to 
disease duration and low density lipoprotein cholesterol levels.  
J Am Coll Cardiol 1996;28:573–9.

18. MacKenzie KE, Wiltshire EJ, Gent R, Hirte C, Piotto L, Couper JJ. 
Folate and vitamin B6 rapidly normalize endothelial dysfunction 
in children with type 1 diabetes mellitus. Pediatrics 2006;118:242–
53.

19. Kuvin JT, Patel AR, Sliney KA, et al. Assessment of peripheral 
vascular endothelial function with finger arterial pulse wave am-
plitude. Am Heart J 2003;146:168–74.

20. Bonetti PO, Pumper GM, Higano ST, et al. Noninvasive identifica-
tion of patients with early coronary atherosclerosis by assessment 
of digital reactive hyperemia. J Am Coll Cardiol 2004;44:2137–41. 

21. Itzhaki S, Dorchin H, Clark GT, Lavie L, Lavie P, Pillar G. The 
effects of one-year treatment with a Herbst mandibular advance-
ment splint on obstructive sleep apnea, oxidative stress and 
endothelial function. Chest 2007;131:740–9.

22. Calabresi L, Gomaraschi M, Franceschini G. Endothelial pro-
tection by high-density lipoproteins: from bench to bedside. 
Arterioscler Thromb Vasc Biol 2003;23:1724–31.

23. Kraml P, Syrovatka P, Stipek S, et al. Hyperlipoproteinemia im-
pairs endothelium-dependent vasodilation. Physiol Res 2004;53:471–
80.

24. Assmann G, Gotto AM Jr. HDL cholesterol and protective factors 
in atherosclerosis. Circulation 2004;109:8–14.

25. Shechter M, Marai I, Marai S, et al. The association of endothe-
lial dysfunction and cardiovascular events in healthy subjects and 
patients with cardiovascular disease. IMAJ 2007;9:271–6.

Correspondence: Dr. N. Shehadeh, Dept. of Pediatrics A, Rambam 
Medical Center, Haifa 31096, Israel.
Phone: (972-4) 854-2646
Fax: (972-4) 854-2441 
email: n_shehadeh@rambam.health.gov.il

Original Articles


