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Homocysteine levels in normotensive children of hypertensive parents
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ABSTRACT

Objective: There are several studies showing an association between an increase in the plasma levels of homocysteine and the pathogenesis
of hypertension. In this study, we assessed normotensive children of hypertensive adult parents to determine whether there is any change in
homocysteine levels prior to the onset of hypertension.

Methods: A total of 79 normotensive children of essential hypertensive parents who were followed-up at the cardiology department and 72
healthy children of normotensive parents who presented to the department of pediatrics at our clinic with complaints such as nonspecific chest
pain and innocent murmur were included in the study. The participants’ complete blood count and low-density lipoprotein, high-density lipopro-
tein, triglyceride, total cholesterol, folic acid, vitamin B12, and homocysteine levels were noted.

Results: No statistically significant differences were noted between the two groups in terms of age, gender, height, weight, body mass index,
or levels of fasting lipids, folic acid, and vitamin B12 (p>0.05). Although the mean systolic and diastolic blood pressures were within the normal
limits in both groups, they were significantly higher in children with a family history of hypertension than in controls (p<0.05). Similarly, homo-
cysteine levels of children with a family history of hypertension were significantly higher than those of controls (p<0.01).

Conclusion: Homocysteine levels of normotensive children of hypertensive parents are elevated before they develop hypertension.
Homocysteine levels may be predictive of the subsequent development of hypertension in normotensive children of hypertensive parents.

(Anatol J Cardiol 2015; 15: 1008-13)
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Introduction

Hypertension, an important contributor to morbidity and mor-
tality, is a common cardiovascular system disease (1, 2). The
pathogenesis of hypertension is not clearly understood; various
environmental and genetic aspects are believed to be respon-
sible for its etiology. Because numerous factors determine blood
pressure, no single pathophysiological mechanism can be con-
sidered as the cause of hypertension. In addition to the genetic
background, lifestyle, socioeconomic status, environmental fac-
tors, and demographic and metabolic features affect blood pres-
sure changes (3). Genetic factors are considered to be respon-
sible for 30%-50% of hypertension pathogenesis (4). A family
history of hypertension is known to be an important risk factor
for essential hypertension during childhood (5). Recent studies
have shown that children of hypertensive parents have higher
blood pressure than children of normotensive parents (5-7).
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Homocysteine is an independent risk factor for the patho-
genesis of peripheral vascular disease, coronary artery disease,
cerebral stroke, acute myocardial infarction, and atherosclero-
sis (8-10). Several studies have reported an association between
anincrease in the plasma levels of homocysteine and pathogen-
esis of hypertension (11, 12). Strong oxidizing substances, pres-
ent during oxidation of homocysteine, damage the cellular
structure and function. Decreasing arterial elasticity, resulting
from the changes in the arterial wall structure and function, is an
important factor in the pathogenesis of hypertension.
Homocysteine increases the proliferation of vascular smooth
muscle cells. Therefore, arterial medial layer smooth muscle
cells increase in number and decrease in compliance.
Homocysteine can lead to an imbalance between blood endo-
thelin and nitric oxide levels or it can increase the level of cal-
ciumions in vascular smooth muscle cells, resulting in increased
systolic pressure (13). These findings demonstrate the potential
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important role of homocysteinemia in the pathogenesis of hyper-
tension. However, the pathogenic mechanism underlying hyper-
tension remains unclear (8, 13).

Dietary deficiency of folic acid and vitamin B12, malabsorp-
tion, renal failure, and malnutrition have been proposed to result
in increased plasma total homocysteine levels (14). Vitamin B12
and folic acid levels are among the important determinants of
plasma homocysteine; plasma homocysteine levels have been
reported to be negatively correlated with vitamin B12 and folic
acid levels. In addition, previous studies failed to detect a sig-
nificantassociation between homocysteine levels and increased
cholesterol and triglyceride (TG) levels, although homocysteine
emerged as an independent risk factor for coronary disease (15).

Vascular factors and functional abnormalities, such as endo-
thelial dysfunction, increased oxidative stress, vascular remod-
eling, and decreased compliance, can occur before hyperten-
sion and contribute to the pathogenesis of hypertension (16).

Adult and pediatric studies have shown the coexistence of
hypertension and elevated homocysteine levels (17, 18).
However, no previous study has assessed normotensive chil-
dren of hypertensive parents.

In the etiopathogenesis of hypertension, it is important to
know whether there is any change in homocysteine levels prior
to the onset of hypertension. Therefore, in this study, we
assessed normotensive children of hypertensive parents to
determine whether there is any change in homocysteine levels
prior to the onset of hypertension and development of end-organ
damage.

Methods

In this study, we assessed homocysteine levels in normoten-
sive children of hypertensive adult parents to determine wheth-
er there is any change prior to the onset of hypertension.

A total of 79 normotensive children of essential hypertensive
parents who were followed up at the cardiology department and
72 healthy children of normotensive parents who presented to
the department of pediatrics at our clinic with complaints such
as nonspecific chest pain and innocent murmur were included in
the study. Consent for the study protocol was attained from the
Ethical Committee of Eskisehir Osmangazi University Medical
School (consent number April 4, 2013/03).

Detailed medical, personal, and family histories were
recorded. Children who had chronic disease or anemia and
those using medication were excluded from the study. Physical
examination was completed, and children with normal findings
were included. Complete blood count and low-density lipopro-
tein (LDL), TG, total cholesterol (TC), folic acid, vitamin B12, and
homocysteine levels were noted.

Children of parents who were diagnosed with essential
hypertension and followed-up at the cardiology department with
the use of regular antihypertensives were included in the study.
We considered that the parents had no cardiovascular or other
chronic disease.
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Height was measured using a calibrated scale, and height
was determined with a standard height scale while the child
was in an upright position without wearing shoes. Body mass
index (BMI) was calculated as weight (kg)/height (m?). Blood
pressure was measured 3 times with a mercury sphygmomanom-
eter using an appropriate cuffs while in the seated position after
10 min of rest, and the mean blood pressure was noted. Blood
samples were collected from the antecubital vein following 12-h
fasting. Serum homocysteine and vitamin B12 levels were mea-
sured with the chemiluminescent method by IMMULITE 2000
(Siemens Healthcare Diagnostics AG, Erlangen, Germany) using a
SIEMENS homocysteine kit. Venous blood samples were drawn
into BD Vacutainer Z tubes (2 mL) for analysis of folic acid levels.
The analysis was performed in the hematology department using
a HITACHI E170 modular device on the basis of Roche Diagnostic
criteria. For TC, TG, high-density lipoprotein (HDL), and LDL analy-
sis, following 12-h fasting, 5-mL venous blood samples were
drawn into standard biochemical tubes. The analysis was per-
formed in the biochemistry department with the enzymatic colori-
metric method using a Roche modular device (Mainheim,
Germany) on the basis of Roche Diagnostic criteria.

Statistical analysis

Data were statistically analyzed using SPSS 13.0 (SPSS Inc.,
Chicago, lllinois, USA). The Shapiro—Wilk test was performed to
evaluate the consistency of variables with normal distribution.
Variables with normal distribution were analyzed using the inde-
pendent samples t-test and the results were expressed as
meanzstandard deviation (SD). The Mann-Whitney U test was
performed for variables with non-normal distribution, and the
results were expressed as median and percentile values (25%-
75%). The Pearson chi-square test was employed for cross-table
analysis. To demonstrate the power and type (positive or nega-
tive) of the relationship between the variables, Spearman cor-
relation analysis was performed for variables with non-normal
distributions. A value of p<0.05 was considered statistically sig-
nificant for all tests.

Results

A total of 79 normotensive children (40 females and 39 males)
between the age of 5-20 years with hypertensive family member
were included in the study, and 72 normotensive children (35
females and 37 males) between the age of 5-20 years with nor-
motensive family members were included as controls.
Anthropometric measurements, blood pressure, and lipid and
homocysteine levels of the groups are shown in Table 1. No sta-
tistically significant difference was noted between the two
groups in terms of age, gender, height, weight, BMI, and fasting
lipid, folic acid, and vitamin B12 levels (p>0.05) (Table 1).

When blood pressure was evaluated, the mean systolic
blood pressure of children with family members with essential
hypertension was 109.6+9.2 mm Hg, and the mean diastolic
blood pressure was 68.7+8.3 mm Hg; for the control group, the



Akyel et al.
NLR and coronary artery

1010

mean systolic blood pressure was 106.4+7.9 mm Hg and the
mean diastolic blood pressure was 66.3+6.3 mm Hg. Although
the mean systolic and diastolic blood pressures were within the
normal limits in both groups, they were significantly higher in
children with a family history of hypertension than in controls
(p<0.05) (Table 1). The mean homocysteine levels were 9.5
(4.8-31.7) pymol/L in children with hypertensive family members
and 7.5 (4.4-13.4) pmol/L in controls, and the difference was
statistically significant (p<0.01) (Table 1).

Evaluation of the systolic and diastolic blood pressures of
the subjects according to age revealed no statistically signifi-
cant differences between the study and control groups for chil-
dren below the age of 10 years, although the blood pressures
were significantly higher in children >10 years of age (p<0.001)
(Table 2).

Homocysteine levels was higher than 15 pmol/L in 11 of 79
(13.92%) children with a family history of hypertension; of these,
3(27.27%) were in the 10-14-year age group and 8 (72.72%) were

Table 1. Comparison of the study and control groups on the basis of
anthropometric measures, blood pressure, and echocardiographic
variables

Study group Control group

(n=79) (n=72) P
Age, years 12.4+4.0 12.1+4.2 0.976
Female/male 40/39 35/37 0.804
Weight 47.5+16.7 43.0+5.4 0.641
Height 151.2+18.8 147.5+18.4 0.503
Body mass index 19.9+3.2 18.9+2.9 0.753
SBP. mm Hg 109.6+9.2 106.4+7.9 0.023
DBP mm Hg 68.7+8.9 66.3+6.3 0.013
Total cholesterol, mg/dL | 149 (88-196) 152 (95-198) 0.763
Triglyceride, mg/dL 76 (33-188) 69 (39-152) 0.486
HDL, mg/dL 52 (24-79) 55 (23-101) 0.687
LDL, mg/dL 86 (34-130) 84 (43-158) 0.535
Folic acid, mg/dL 8.7 (3.6-17.5) 8.9 (3.5-17.21) 0.766
Vitamin B12, mg/dL 288 (141-806) 303 (120-961) 0.920
tHey, mg/dL 95(4.8-31.7) | 75(4.4-134) | 0.002
DBP - diastolic blood pressure; HDL - high-density lipoprotein; LDL - low-density
lipoprotein; SBP - systolic blood pressure; tHcy - total homocysteine
Parameters with normal distribution are shown as mean+SD, parameters with non-
normal distribution are shown as median (25%-75%). Variables with normal distribution
were analyzed using the independent samples t-test and the Mann-Whitney U test
was performed for variables with non-normal distribution
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in the 15-19-year age group. Homocysteine levels were not
higher than 15 pmol/L in any of the children aged 5-9 years
(Fig. 1, Table 2). Similarly, children in the control group had homo-
cysteine levels lower than 15 pmol/L.

There was a positive correlation between homocysteine
levels and age, weight, and BMI (r=0.630, p<0.001; r=0.620,
p<0.001; and r=0.556, p<0.001, respectively). Plasma homocyste-
ine levels showed a positive correlation with systolic and dia-
stolic blood pressures (r=0.458, p<0.001 and r=0.389 p<0.001,
respectively), and they were negatively correlated with vitamin
B12 and folic acid levels (r=-0.433, p<0.001 and r=-0.380, p=0.001,
respectively). Although the plasma homocysteine levels of chil-
dren with a family history of hypertension were positively cor-
related with TG levels (r=0.324, p<0.01), no significant correlation
was noted with TC, HDL, and LDL levels (p>0.05).

Discussion

In the current study, homocysteine levels were signifi-
cantly increased in children of hypertensive parents compared
with the control group. When different age groups were ana-
lyzed, no significant difference was noted in homocysteine
levels in the 5-9-year age group; however, the 10-14-year and
15-19-year age groups of children with a family history of
hypertension had significantly higher homocysteine levels
than the control group.

In the current study, homocysteine levels were significantly
increased in children of hypertensive parents compared with the
control group. When different age groups were analyzed, no sig-
nificant difference was noted in homocysteine levels in the 5-9-

o Study Group
o Control Group

5-9 Age 10-14 Age 15-19 Age

Figure 1. Comparison of the groups according to homocysteine levels
The Pearson chi-square test was employed for cross-table analysis.

p=0.768 betwenn under 10 years of age

p=0.002 betwenn 10-14 years of age

p=0.003 betwenn 15-19 years of age

Table 2. Comparison of blood pressure and homocysteine levels according to age groups

Study group | Control group Study group Control group Study group Control group
5-9 years 5-9 years 10-14 years 10-14 years 15-19 years 15-19 years
SBPmmHg | 99.7+7.4 100.4+7.4 110.5+7.5 (p=0.013) 106.8+6.4 (p=0.013) 115.2+4.6 (p=0.02) 112.05.6 (p=0.02)
DBP mmHg | 64.1+4.4 63.4+6.3 68.2+7.2 (p=0.011) 64.4+5.8 (p=0.011) 72.5+6.7 (p=0.02) 69.8+6.5 (p=0.02)
tHey, mg/dL | 7.0 (4.8-9.9) | 6.91(4.7-9.6) | 9.8 (6.1-26.7) (p=0.002) | 7.5 (4.4-11.9) (p=0.002) | 12.0 (6.7-31.7) (p=0.003) | 9.5 (5.2-13.4) (p=0.003)

DBP - diastolic blood pressure; SBP - systolic blood pressure; tHcy - total homocysteine
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year age group; however, the 10-14-year and 15-19-year age
groups of children with a family history of hypertension had sig-
nificantly higher homocysteine levels than the control group.

Hypertension is one of the most common cardiovascular dis-
eases across the world. In previous studies, children of hyperten-
sive parents were shown to have significantly higher blood pres-
sure than children of normotensive parents as adolescents (6, 7).
A study of children with hypertension by Robinson et al. (19)
reported a 51% incidence of positive family histories, and Flynn et
al. (5) reported an incidence of 86.2%. Longitudinal studies have
revealed that blood pressure in childhood could be predictive of
adult blood pressure (20). Prediction and prevention of adult
hypertension before it develops may be possible by identifying
children who can potentially develop hypertension (21).

Although systolic and diastolic blood pressures were within
the normal limits in the subjects, the blood pressure of children
with a family history of essential hypertension was significantly
higher. When the subjects were reclassified according to age,
no significant difference was found in the 5-9-year age group;
however, both systolic and diastolic pressures were higher
in subjects older than 10 years compared with controls.
Xu et al. (22), Ravogli et al. (23), and Kucerova et al. (24) have
demonstrated similar findings in young adults and Aglony et al. (6)
have demonstrated similar findings in normotensive children
with a family history of hypertension. The same investigators
emphasized the significance of a family history of hypertension
as an important risk factor. Ravogli et al. (23) showed that blood
pressure was higher in subjects with a family hypertension than
in those without a history. In the same study, echocardiographic
evaluation showed that interventricular septum and posterior
wall thicknesses were increased in young adults with hyperten-
sive parents before anincrease in blood pressure. They reported
that a family history of hypertension is an important risk factor
for the development of end-organ damage.

Sutton et al. (17) assessed 179 patients over the age of 60
years with isolated systolic hypertension and observed a sig-
nificant relationship between systolic hypertension and plasma
homocysteine levels. That finding was attributed to the damag-
ing effect of homocysteine on the vascular endothelium by
destruction of elastin. Joseph et al. (25) claimed that hyperho-
mocysteinemia can lead to diastolic pressure dysfunction. They
attributed the mechanism to an increase in peripheral vascular
collagen levels. Xiao et al. (26) performed a study of 1680 hyper-
tensive subjects and showed an independent and strong asso-
ciation between total homocysteine levels and arterial stiffness.
In another study, Zheng et al. (27) showed that left ventricular
diastolic dysfunction is more common in hypertensive patients
with hyperhomocysteinemia. Araki et al. (28) evaluated the rela-
tionship between plasma homocysteine levels and hypertension
and demonstrated an increase in both systolic and diastolic
blood pressures in subjects with high plasma total homocyste-
ine levels.

Homocysteine is a non-essential sulfur-containing amino
acid that is produced through demethylation of dietary methio-
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nine. Genetic metabolic disorders; chronic diseases (chronic
renal failure, leukemia, diabetes, and hypothyroidism); deficiency
of vitamin B6, B12, or folic acid; advanced age; and certain drugs
may lead to the development of hyperhomocysteinemia (29, 30).
Thus, patients with chronic conditions, malnutrition, and ciga-
rette smoking and those using certain medications known to be
associated with hyperhomocysteinemia were excluded from our
study. In 11 children with above-normal blood homocysteine lev-
els, blood folic acid and vitamin B12 levels were normal. In addi-
tion, blood folic acid, vitamin B12, and homocysteine levels were
normal in the parents of these 11 children. In children with normal
blood homocysteine levels, these tests were not performed in the
family members. Further studies with a larger sample size exam-
ining homocysteine, vitamin B12, and folic acid levels in patients
and family members may provide further insights.

A positive correlation was found between homocysteine lev-
els and both age and blood pressure in children of hypertensive
parents. Chang et al. (31) performed a randomized study in Taiwan
and studied homocysteine, vitamin B12, and folic acid levels in
1234 children in the 12-15-year age group. Homocysteine levels
were higher and folic acid and vitamin B12 levels were lower in
males than in females, and an increase in homocysteine levels
was ohserved with aging. The same study showed a positive cor-
relation between homocysteine levels and BMI as well as a nega-
tive correlation between folic acid and vitamin B12 levels. In a
study by Rauh et al. (32), 257 children in the 6-17-year age group
and their parents were assessed. Homocysteine levels were
higher than 15 pmol/L in 7% of the adults, and none of the children
had homocysteine levels higher than 15 pmol/L. Males were dem-
onstrated to have significantly higher homocysteine levels than
females, and there were negative correlations between homocys-
teine levels and vitamin B12 and folic acid levels as well as posi-
tive correlations with BMI and serum creatinine levels. Our study
also showed a positive correlation between plasma homocyste-
ine levels and both body weight and BMI.

Vitamin B12 and folic acid levels are among the important
factors that determine plasma homocysteine levels, and there
is a negative correlation between plasma homocysteine levels
and vitamin B12 and folic acid levels (33). In our study, vitamin
B12 and folic acid levels were not significantly different
between the patient group with a family history of hyperten-
sion and the control group. In the group with a family history of
hypertension, there was a negative correlation between homo-
cysteine levels and both folic acid and vitamin B12 levels. As
the vitamin B12 and folic acid levels decreased, homocysteine
levels increased.

Venn et al. (34) treated patients with homocysteine levels >10
pumol/L with folic acid for 4 weeks and demonstrated an increase
in serum folic acid levels as well as a decrease in homocysteine
levels compared with the control group. While the increase in
folic acid levels correlated with the dose of folic acid, the
decrease in homocysteine levels was similar and independent
of the folic acid dose. Mayer et al. (35) noted a significant
decrease in homocysteine levels when patients with a high
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coronary artery disease risk and homocysteine levels >20
pumol/L were treated with folic acid at a dose of 10 mg/day for 2
months.

In our study, homocysteine levels were significantly higher in
children of hypertensive parents than in the control group; how-
ever, there were no significant differences in TC, TG, HDL, and
LDL levels. No significant correlation was observed between
homocysteine levels and TC, HDL, and LDL levels. There was a
significant positive correlation between plasma homocysteine
and TG levels in children of hypertensive parents.

Taqi et al. (36) performed a study in 60 adults who were over
35 years of age and showed that total plasma homocysteine, TC,
TG, and LDL cholesterol levels were significantly elevated and
HDL levels were significantly lower in the hypertensive group
than in the control group. However, there was no significant dif-
ference in homocysteine levels between males and females in
that study. Eren et al. (37) assessed homocysteine levels in 25
hypertensive normolipidemic, 25 hypertensive hyperlipidemic,
and 21 control patients. Plasma homocysteine levels were sig-
nificantly elevated in the hypertensive patients, and lipid levels
did not affect homocysteine levels.

Knekt et al. (15) demonstrated a lack of correlation between
homocysteine levels and cholesterol and TG levels, supporting homo-
cysteine as an independent risk factor for coronary artery disease.

Study limitations

The present study has some limitations. One of these is the
small number of participants. Second, we investigated only
homocysteine levels and did not examine other cardiac risk fac-
tors that may play a major role in endothelial function and ath-
erosclerosis. In addition, absence of blood folic acid, vitamin
B12, and homocysteine measurements in the family members of
children with normal homocysteine levels may be considered as
a potential limitation. Further longitudinal studies involving larg-
er patient series and family members with vitamin B12 and folic
acid measurements are warranted. Therefore, additional pro-
spective studies thatinclude larger series with long-term follow-
up evaluation are necessary to clarify homocysteine levels,
hypertension, and cardiac risk factors, such as arterial stiffness,
carotid intima-media thickness, or elevated C-reactive protein
levels. Our study contributes to the literature because it is the
first to investigate the changes in homocysteine levels in normo-
tensive children of hypertensive parents.

Conclusion

Homocysteine levels are elevated in normotensive children
of hypertensive parents before the development of hyperten-
sion. Children of hypertensive parents should be evaluated regu-
larly with homocysteine levels prior to the development of
hypertension. In the setting of increased homocysteine levels in
normotensive children of hypertensive parents, diet and lifestyle
modifications may be recommended in the absence of other
cardiovascular risk factors. Further longitudianol studies are
neccessary for evaluation this corelation.
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