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Endothelial Function in Adolescents with a History of Premature Coronary

Artery Disease in One Parent
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ABSTRACT

Background: In young adults, a family history of premature coronary artery disease (CAD), as well as genetic and
environmental factors are independent risk factors for coronary artery disease.

Methods: Endothelial function was studied in 30 children (21 boys and 9 girls with mean age of 14.9 +/- 2.3 years
old)of patients with documented CAD (men < 45 and women < 50 years old). Chidren did not have any history of dia-
betes mellitus, dyslipidemia, hypertension, and smoking (active/passive). Using vascular ultrasound, we measured rest-
ing Basal Brachial artery Diameter (BBD) and Endothelium-Dependent Dilatation (EDD) in response to increased flow
and sublingual glyceryltrinitrate (GTN), an Endothelium-Independent Dilation (EID). These parameters were also
measured in 30 control subjects with normal parents (18 boys and 12 girls with mean age of 14.2 +/- 2/5years old) and
results were compared with each other.

Results: Adolescents in CAD group had abnormal Endothelial Dependent Dilatation or EDD/BBD (8.5 +/- 3.4% vs
11.8 +/- 4.5% in control subjects; P= 0.003).Endothelial Independent Dilatation (EID/BBD) in the positive fimily his-
tory group was significantly more than control subjects (18.5 +/- 6.7% vs 11.9 +/- 5.2%; P <0.001). EDD/EID or the
index of endothelial function was significantly lower in the positive family history group (0.92 +/- 0.05 vs 1+/- 0.03;
P<0.001). There was no difference in EDD/EID index between those with history of premature CAD in mother (7
cases) and those with history of premature CAD in father (23 cases) (0.92 +/- 0.04 vs 0.91+/- 0.05).

Conclusion: Normal adolescents without any cardiovascular risk factors but a history of premature coronary artery
disease in one parent may have endothelial dysfunction, and there is no difference whether the CAD is in mother or
father.

Keywords: Endothelial dependent dilation, family history, CAD risk factors, premature coronary artery disease

JRMS 2006; 11(1): 18-23

therosclerosis is a diffuse process of

the arterial tree that starts in childhood

and early adult lifel Its preclinical
stage may last for decades, during which time
atherosclerotic changes progress slowly, and
eventually causing lumenal stenosis 2, 3. It has
been well known for several decades that sub-
jects with a family history of myocardial infarc-
tion are at a higher risk of developing coronary
artery disease 4-7. Several studies have shown
that risk of coronary death in the first-degree
relatives of coronary patients increases 2.5- to

7-folds in comparison to those without this
background 8.

The key early event in atherogenesis is
endo-thelial dysfunction, 2, 3 and the early
marker of endothelial dysfunction is the loss of
Endothelium Dependent Dilatation, thought to
be related to reduced activity of NO 9, 10. This
substance can not only induce vasodilation,
but also possess antitrophic properties 11, 12.
One of noninvasive tests for studing endothe-
lial function is based on flow-mediated
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ultrasonic changes in arterial diameter in rela-
tively superficial arteries, such as the brachial
arteries 13. This method correlates significantly
with invasive testing of coronary endothelial
function 13 14, as well as with the severity and
extent of coronary atherosclerosis 5.

In this study, we have evaluated a cohort of
adolescents with history of premature CAD in
one parent, in whom the potentially confound-
ing risk factors were excluded to examine only
the influence of family history on endothelial
function.

Subjects and Methods

36 patients (27 men < 45 years old, 9 women <
50 years old) with premature CAD (an-
giographically documented =75 % stenosis of
at least one epicardial coronary artery, or ad-
mission in CCU because of ST elevation/Q
waves MI on surface ECG plus adequate rising
of cardiac enzymes) were selected from an-
giography and coronary care unit records of
two Isfahan hospitals, over a 9-month period.
By using a questionnaire containing smoking,
hypertension, diabetes mellitus and dyslipi-
demia history and family history of premature
CAD, we assessed these cardiovascular risk
factors in CAD patients. To exclude CAD in
their spouse, they were asked about history of
chest pain. If they had never experienced chest
pain they were assessed with resting ECG and
if it was completely normal their 10-18 years
old children entered the study.

In the control group, both parents were
asked about cardiovascular risk factors with
the same questionnaire. If both of them had
never experienced chest pain and their resting
ECG were free of any abnormalities their 10-18
years old children were studied as control
group.

The young adults in both positive family
history and control groups were asked about
history of lifelong smoking or passive smoking
(history of current smoking in one parent at
home)and if the response was positive, the
child was excluded from our study (N=0 sub-
ject). After at least 5 minutes resting we meas-
ured supine blood pressure (BP) in all adoles-
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cents and if resting BP was <130/85, rest of
study was continued (2 subjects in the case
group were excluded because of their
BP>130/85). Biochemical tests from venous
blood samples were evaluated in 64 subjects
(CAD and control groups) after a 12-hour
overnight fasting for plasma glucose (Pars
Azmoun kit; 2003), total cholesterol (Pars Az-
moun kit; 2003), LDL cholesterol (Randox kit),
and triglyceride (Pars Azmoun kit; 2003). In
this study, HDL cholesterol, lipoprotein (a),
fibrinogen and homocysteine levels were not
measured. Those young adults with, FBS >110
mg/dl, total cholesterol >240mg/dl, LDL cho-
lesterol >160mg/dl, and triglyceride >250mg/
dl were excluded from study (4 subjects in the
positive family history group were excluded
because of their abnormal lipid profile but
none in control group).

Brachial artery evaluation

We studied endothelial function of brachial
artery by using a 7.5-MHz linear array trans-
ducer B-mode ultrasound (Dornier Ultrasoud
system 1992) in supervise of an expert sono-
graphist who was unaware of study subjects
(as in previous studies) 2. After resting for at
least 10 minutes, brachial artery was imaged in
a longitudinal section of 5 to 7cm above the
elbow. To measure the diameter of artery the
best view of the anterior and posterior wall
layers were needed. Finding the best position
of transducer to show brachial artery, we
marked best point on the skin and the arm did
not move thenceforth throughout study and
depth and gain settings of machine were the
same during study. After measurement of
basal brachial artery diameter (BBD), to study
Endothelium Dependent Dilatation, flow to
brachial artery was increased by aid of pneu-
matic tourniquet distal to brachial artery
around forearm which inflated to 250-300 mm
Hg for 4.5 minutes .Second scan of brachial
artery was imaged 60 and 90 seconds after re-
leasing cuff and brachial artery diameter was
measured (EDD). Then we waited for 10 to 15
minutes for vessel to returne to its baseline
status. Again, brachial artery diameter (EID)
was recorded,but this time, 3 to 4 minutes after
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administeration of one puff (400 microgram)of
sublingual GTN spray (Pohl-Boskamp Gmbl &
Co-Germany) .The amount of increased diame-
ter of Brachial artery in two situations ( EDD
and EID) were compared with resting diame-
ter (BBD) as percent measurements (100%).
The relation between two situations (EDD and
EID) were compared with each other (EDD/
EID).

Results
The spss software was used for data entry and
analysis. We showed variables as mean + SD.
Two sample t- test was used to compare the
data in CAD and control groups. In two posi-
tive family history subgroups, means those
whose fathers had premature CAD and those
whose mothers had disease, we used one-way
ANOVA to compare EDD/BBD and EID/BBD
responses and EDD/EID index. The relation-
ship between age and Basal Brachial artery Di-
ameter (BBD), EDD/BBD, EID/BBD and
EDD/EID index were studied by univariate
and multivariate regression analysis .We con-
sidered P-value< 0.05 as statistical significance.
23 men and 7 women (total 30 patients)
were selected as CAD group;28 subjects with
angiographically establishid CAD and only 2
from coronary care unit.All of 30 control par-
ents were selected as described previously.The

Table 1. Age distribution
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coronary risk factors (DM, HTN, dyslipidemia,
smoking, and family history of premature
CAD) in the parents are as followes: In the con-
trol group, 96.7% of mothers were free from all
risk factors, but in the subgroup of mothers
with premature CAD ,100% of mothers had
more than one risk factor (P<0.001). In the con-
trol group 80% of fathers did not have any
coronary risk factors but in the subgroup; fa-
thers with premature CAD, 91.3% had at least
one risk factor (P<0.001). The most prevalent
risk factor in this subgroup was dyslipidemia
(73.2%).

Demographic characteristics of positive

family history and control young adults were
as follow:
There was no significant difference in age of
young adults between CAD and control
groups (14.9 +/- 2.3 versus 14.2 +/- 2.5 years
old; P=NS), age of their mothers (38.8 +/- 5
versus 40.4 +/- 5.7 years old; P=NS), and age
of their fathers (44.5 +/- 5.8 versus 45.7 +/- 6
years old; P=NS) (Table 1). In comparison of
the CAD group and its matched control group,
the number of male subjects was much more
than female ones in both groups (21 subjects
or 70 % in CAD group and 18 ones or 60% in
control group), but based on the Chi-Square
test, distribution of gender variable, was equal
in both above groups (P=0.417=NS).

in CAD and Control Groups.

Premature CAD Group Control Group t-test
Mean SD Min Max Mean SD Min Max t P
Child 149 23 10 18 142 25 10 18 1.1 0.137
Mother  38.8 5 30 48 404 57 28 50 1.2 0.120
Father 445 58 35 57 45.7 6 32 55 0.77 0.22

Cardiovascular Risk Factors

Biochemical tests characteristics in children
with CAD history in parent and children of
control subjects are shown in Table 2. FBS (
914 +/-7.9 versus 88.9 +/- 9.5 mg/dl; P=NS),
total cholesterol ( 162 +/- 29 versus 159 +/- 25
mg/dl; P=NS), LDL cholsterol (66.3 +/- 26 ver-
sus 70 +/- 28 mg/dl; P=NS), and triglyc-

eride(117 +/- 55 versus 122 +/- 49 mg/dl;
P=NS); these amounts were not significantly
different in the positive family history group
and control group children.Four subjects in the
case group were excluded because of hyperlip-
idemia. As shown in Table 2 the amount of
SBP (112 +/- 10 versus 112 +/- 12.3; P=NS),
and DBP (66 +/- 8.5 versus 66 +/-7.6; P=NS)
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Table 2. CAD risk factors in premature CAD and control groups.

Premature CAD Group Control Group t-test

Mean SD Min Max Mean SD Min Max t P
FBS 914 79 73 106 88.9 95 74 111 1.1 0137
TC 162 29 121 250 159 25 113 217 0.39 0.348
LDL 66.3 26 30 132 70 28 28 123 0.62 0.268
TG 117 55 45 280 122 49 35 203 038 0.351
SBP 112 10 90 130 112 12 90 130 0.28  0.400
DBP 66 85 50 80 66 76 50 80 015 0437

FBS=Fasting Blood Sugar; TC= total cholesterol; LDL=Low Density Lipoprotein;
TG=trigeliceride; SBP=Systolic Blood Pressure; DBP= Diastolic Blood Pressure

in the positive family history and control
groups were the same. Two persons in the
CAD group were submitted from the study
since they had BP>130/85

Brachial artery avaluation

Basal Brachial artery Diameter (BBD) in CAD
and control subjects offsprings was not differ-
ent Table 3. Positive family history children,
had markedly reduced Endothelium-
Dependent Dilatation (EDD/BBD) (8.5 +/-
3.4% versus 11.8 +/- 4.5%, P=0.003); Endothe-
lial Independent Dilatation (EID/BBD) in the
CAD group was significantly more than con-
trol subjects (CAD subjects, 18.5 +/- 6.7%, and
control subjects, 11.9 +/- 52%; P <0.001).
EDD/EID or the index of endothelial function
was significantly lower in the positive family
history group 0.92 +/- 0.05 verssus 1+/- 0.03 in
control subjects; P<0.001) (Table 3). EDD /EID
index was compared in two subgroups of posi-

tive family history subjects; premature CAD in
father and premature CAD in mother. Subjects
with premature CAD in father had signifi-
cantly impaired EDD/EID index in compari-
son to control group (0.91 +/- 0.05 versus 1+/-
0.03 in control subjects; P<0.001) and in those
children whose mothers had premature CAD,
EDD/EID index was markedly lower than con-
trol subjects, too (0.92 +/- 0.04 versus 1+/-
0.03; P< 0.001). ANOVA of these positive fam-
ily history subgroups showed statistical sig-
nificance (F = 26.12, P< 0.001), but in pairwise
analysis EDD/EID index in subgroups of fa-
ther or mother with CAD was not significantly
different.

On Pearson Correlation analysis of the
combined group of 30 positive family history
subjects and control subjects, there was direct
correlation between BBD and age (r = 0.63, P
<0.001), but EDD/EID was inversely related to
age (r =-0.21, P<0.05).

Table 3. Noninvasivse Brachial artery evaluation results.

Premature CAD Group Control Group t-test
Mean SD Min Max Mean SD Min Max t P
BBD 3.62 0.5 2.2 5 3.58 0.5 2.8 4.4 033 0.36
EDD/BBD 8.5 34 0 0.14 11.8 4.5 0.02 0.22 9.98  0.003
EID/BBD 18.5 6.7 0.04 0.29 11.9 52 0.05 0.30 18.7  <0.001
EDD/EID 0.92 0.05 0.84 1.02 1 0.03 0.88 1.03 7.26  <0.001

BBD= Basal Brachial artery Diameter; EDD/BBD= Endothelium Dependent Dilatation;
EID/BBD= Endothelium Independent Dilatation; EDD/EID= Endothelium Dependent
Dilatation / Endothelium Independent Dilatation or index of endothelial Function.
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Discussion

This study showed that offsprings of prema-
ture CAD patents have endothelial dysfunc-
tion. Endothelial dysfunction means EDD/EID
index less than one.The less the EDD/EID in-
dex is, the more impairment of endothelial
function is present. It showes that the amount
of dilatation of artery in response to shear
stress is lesser than its dilatation in response to
GTN. Endothelial dysfunction was obvious in
subjects without additional risk factors except
family history of premature CAD. There is no
difference whether father has premature CAD
or mother, it means that if a man or a woman
has premature CAD, his or her children are in
risk of development of endothelial dysfunction
and, eventually, establishment of CAD.

In a similar study in Australia by Clarkson
PB et al it has been shown that young adults
with a family history of premature coronary
disease have impaired endothelium-dependent
dilatation 7. Although these results are the
same as our study but their study was done in
siblings of premature coronary disease pa-
tients, where as this study was on children of
these patients and showed that even one par-
ent with premature coronary disease has some
risk for his or her children for development of
endothelial dysfunction and perhaps CAD in
future.

In a Swedish study by Lind L et al it was
showed that apparently healthy subjects with a
family history of myocardial infarction have
impaired endothelial-dependent vasodilation
in the forearm vasculature that was independ-
ent to traditional cardiovascular risk factors
such as impairment of blood pressure, lipids,

References

Hashemi et al

fasting blood glucose levels, smoking habits, or
intima-thickness of the carotid artery com-
pared with those without the history of MI 18,

In this study we excluded subjects with
identifiable risk factors, ie, smoking, passive
smoking, hypertension, diabetes, and dyslipi-
demia, because in previous studies, influence
of these cardiovascular risk factors on arterial
function has been demonstrated 7. 202, Most of
mechanisms responsible for regulation of vas-
cular tone and function are unknown for us
but one discovered is the role of renin-
angiotensin-system 2. There are many phar-
macological and nonpharmacological interven-
tions that improve or even normalize endothe-
lial function in human: Low Cholesterol diet,
fish oil consumption, smoking cessation, and
exercise training are effective nonpharma-
cological interventions that their efficacy have
proved in many trials 2. Some pharmacologi-
cal therapies are as followes: L-Arginine sup-
plementation, lipid lowering agents, especially
statins;  inhibitors of renin-angiotensin-
aldosteron system such as ACE inhibitors 2,
and calcium channel blockers like Amlodipine
25

When we identified those children with en-
dothelial dysfunction, it suggests that they are
at risk of CAD in future. By performing these
interventions, known as primary prevention,
we can be hopeful that they will not be at risk
thereafter and it may reduce CAD incidence in
future. We suggest Endothelial function
evaluation in offsprings of premature CAD
parents and if it is abnormal, interventions
known as primary prevention for them.

1. Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature 1993, 362: 801-9.
2. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller OI, Sullivan ID et al. Non-invasive detection
of endothelial dysfunction in children and adults at risk of atherosclerosis . Lancet 1992 Nov 7,340(8828):1111-

5

3. Reddy KG , Nair NR , Sheehan HM , Hodgson JM . Evidence that selective endothelial dysfunction may occur in
the absence of angiographic or ultrasound atherosclerosis in patients with risk factors for atherosclerosis. J Am

Coll Cardiol 1994, 23: 833—43.

4. Thomas CB, Cohan BH. The familial occurrence of hypertension and coronary artery disease, with observations
concerning obesity and diabetes. Ann Intern Med 1955, 42:90-9.

22 Journal of Research in Medical Sciences; Vol. 11, No. 1; Jan. & Feb. 2006

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Endothelial Function and a History of CAD in One Parent Hashemi et al

5. Kannel WB, Dawber TR, McNamara PM. Detection of the coronary prone adult: The Framingham study. J lowa
Med Soc 1966, 56:26-32.

6. Deutchscher S, Ostrander LD, Epstein FH. Familial factors in premature coronary heart disease — a preliminary
report from the Tecumshe Community health study. Am J Epidemiol 1970; 91:233-9.

7. Sholtz RI, Roesnman RH, Brand RJ. The relationship of reported parental history to the incidence of coronary
heart disease in the Western Collaborative Group Study. Am J Epidemiol 1975; 102:350—6.

8.Slack J, Evans KA. The increased risk of death from ischemic heart disease in the first degree relatives of 121 men
and 96 women with ischemic heart disease. J Med Genet 1966,3:239-57.

9. Palmer RM, Ferrige AG, Moncada S. Nitric oxide release accounts for the biological activity of endothelium-
derived relaxing factor. Nature 1987;327:524-6.

10. Zeiher AM, Drexler H, Wollschlager H, Just H. Modulation of coronary vasomotor tone in humans: progressive
endothelial dysfunction with different early stages of coronary atherosclerosis. Circulation 1991,83:391-401.

11. Groves PH, Banning AP, Penny WJ, Newby AC, Cheadle HA, Lewis MJ. The effects of exogenous nitric oxide on
smooth muscle cell proliferation following porcine carotid angioplasty. Cardiovasc Res 1995, 30:87—96.

12. Sarkar R, Meinberg EG, Stanley JC, Gordon D, Webb RC. Nitric oxide reversibly inhibits the migration of cul-
tured vascular smooth muscle cells. Circ Res 1996, 78:225-30.

13. Joannides R, Haefeli WE, Linder L et al. Nitric oxide is responsible for flow-dependent dilatation of human pe-
ripheral conduit arteries in vivo. Circulation 1995; 91: 1314-9.

14. Takase B, Uehata A, Akima T, Nagai T, Nishioka T, Hamabe A et al. Endothelium-dependent flow-mediated
vasodilation in coronary and brachial arteries in suspected coronary artery disease . Am J Cardiol 1998 Dec
15;82(12):1535-9, A7-8.

15. Neunteufl T, Katzenschlager R, Hassan A, Klaar U, Schwarzacher S, Glogar D et al. Systemic endothelial dys-
function is related to the extent and severity of coronary artery disease. Atherosclerosis 1997 Feb
28;129(1):111-8.

16. Shea S, Ottman R, Gabrieli C, Stein Z, Nichols A. Family history as an independent risk factor for coronary ar-
tery disease. J Am Coll Cardiol 1984;4:793-801.

17. Clarkson PB, Clemajer DS, Powe AJ. Endothelium-Dependent dilation is impaired in young healthy subjects
with a family history of premature coronary disease. Circulation 1997;96:3378-83.

18. Lind L, Sarabi M, Millgard J, Kahan T. Endothelium-dependent vasodilation is impaired in apparently healthy
subjects with a family history of myocardial infarction. Cardioavasc Risk 2002; 9(1):53-7.

19. Schachinger V, Britten MB, Elsner M, Walter DH, Scharrer I, Zeiher AM. A positive history of premature coro-
nary disease is associated with impaired endothelium-dependent coronary blood flow regulation. Circulation
1999, 100:1502-8.

20. Celermajer DS, Sorensen KE, Georgakopoulous D, Bull C, Thomas O, Robinson J et al. Cigarette smoking is
associated with a dose dependent and potentially reversible impairment of endothelium-dependent dilatation in
healthy young adults. Circulation 1993;88:2149-55.

21. Clarkson P, Celermajer DS, Sampson M, Sorensen KE, Adams MR, Yue DK et al. Endothelial dysfunction in
insulin-dependent diabetes mellitus is related to disease duration and LDL-cholesterol levels. J Am Coll Cardiol
1996,99:99-100.

22. Sorensen KE, Celermajer DS, Georgakopoulous D, Hatcher G, Betteridge DJ, Deanfield JE. Impairment of en-
dothelium-dependent dilation is an early event in children with familial hypercholesterolemia and is related to
the lipoprotein(a) level. J Clin Invest 1994;93:50-5.

23. Celermajer DS, Sorensen KE, Barley J, Jeffery S, Carter N, Deanfield JE. Angiotensin-converting enzyme geno-
type is not associated with endothelial dysfunction in subjects without other coronary risk factors. Atherosclero-
sis 1994; 111:121-6.

24. Raitakari OT, Celermajer DS. Flow-mediated dilatation [Reviews: Research Methods in Human Cardiovascular
Pharmacology]. Br J Clin Pharmacol 2000;50(5): 397-404.

25. Clarkson P, Mullen MJ, Donald AE, Powe AJ, Thomson H, Thorne SA et al. The effect of amlodipine on endo-
thelial function in young adults with a strong family history of premature coronary artery disease: a randomised
double blind study. Atherosclerosis 2001 Jan;154(1):171-7.

Journal of Research in Medical Sciences; Vol. 11, No. 1; Jan. & Feb. 2006 23

WWW.Mmui.ac.ir


http://www.mui.ac.ir

