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Abstract

Background: The association between short stature, undernutrition 
and the risk to cardiovascular disease has been clinically established. 
Genetic factor, particularly the variants in cytochrome b-245 alpha 
chain (CYBA) gene, which alter the formation of nicotinamide ad-
enine dinucleotide phosphate (NADPH) oxidase level, might affect 
arterial function. This study aimed to observe the association between 
single nucleotide variants (SNVs) of the CYBA gene and the arterial 
function of short stature children to understand the reason why some 
people with short stature develop cardiovascular disease.

Methods: A total of 142 genomic deoxyribonucleic acid (DNA) 
samples have been collected from short stature children in Brebes, 
Central Java, Indonesia. Four common single-nucleotide polymor-
phisms (SNPs): C242T (rs4673), A640G (rs1049255), -930A>G 
(rs9932581) and *49A>G (rs7195830) in the CYBA gene were exam-
ined using TaqMan allelic discrimination assay. The arterial function 
was measured using transthoracic echocardiography and described 
as aortic stiffness and distensibility index. Statistical analysis was 
done to find a significant difference in arterial function between 
genotypes of each SNV.

Results: A P-value of < 0.05 was considered significant. In rs9932581 
(-930A>G) of CYBA gene, the subjects with GG genotype were found 
to have significantly lower arterial stiffness and higher distensibility 
compared to AA and AG genotypes. No significant difference was 
found in the other SNVs.

Conclusion: The GG genotype in rs9932581 of the CYBA gene 

might have a protective effect on cardiovascular disease in short stat-
ure children.

Keywords: Aortic stiffness; NADPH oxidase; Short stature; CYBA 
gene

Introduction

The prevalence of short stature in Indonesian children is high. 
It becomes an important issue because children with short stat-
ure pose an increased risk of obesity, metabolic diseases, as 
well as coronary heart disease in adulthood [1-3]. Early chang-
es in cardiovascular parameters, such as lower arterial elastic-
ity, stroke volume, and higher peripheral resistance have oc-
curred in adolescents with short stature. These early changes, 
particularly the lower atrial elasticity, might change the vas-
cular function of those children, causing the development of 
hypertension later in their adulthood life [4].

Short stature is known to be associated with lower insulin-
like growth factor-1 (IGF-1) [5]. IGF-1 does not only play a 
role in linear growth, but also in maintaining vascular function 
by triggering the formation of nitric oxide (NO) via phosphati-
dylinositol 3 kinase/Akt pathway. Endothelial cells released 
NO that diffused into vascular smooth muscle cells (VSMCs) 
leading to dilation of the blood vessels [6-8]. A study by Aly et 
al showed that nutritionally stunted children had a higher level 
of oxidative stress and lower antioxidant defense systems than 
healthy controls [9]. The balance between oxidant and antioxi-
dant in the body determined the health status of our cardiovas-
cular system.

Cytochrome b-245 alpha chain (CYBA) gene is located 
on chromosome 16q24. It encodes p22phox, one of the elec-
tron transfer elements of nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase. The expression of p22phox in 
VSMCs is a critical component for the formation of reactive 
oxygen species [10]. Some variants of the CYBA gene have 
been reported, such as C242T, A640G, -930A>G, *49A>G, 
-675A/T and C549T. Among those, four single nucleotide vari-
ants (SNVs), C242T (rs4673), A640G (rs1049255), -930A>G 
(rs9932581) and *49A>G (rs7195830), have been most exten-
sively investigated in the association studies of coronary artery 
disease (CAD) [11].

There are conflicting results on the role of these variants in 
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CAD. However, a meta-analysis study by Xu et al showed that 
C242T has a protective effect on CAD in Asian populations. 
It is also found that A640G was associated with lower risk of 
CAD. The C242T variant caused a decrease in oxidative func-
tion, and lower reactive oxygen species (ROS) production. 
The NADPH oxidase activity in human blood vessels is thus 
reduced [11]. The A640G is located in the 3’untranslated re-
gion (UTR) of CYBA gene and interacts with the neighboring 
regions. It plays a role in the modification of mRNA’s stability 
and the translational activity of CYBA [12]. The -930A>G is 
located in the promoter. This variant caused higher transcrip-
tional activity, mRNA and protein expression of the CYBA 
gene, as well as NADPH oxidase activity, in hypertensive pa-
tients [13, 14]. The *49A>G variant may modify the risk of 
CAD in patients with premature CAD [15].

Our preliminary study at the beginning of 2014 which en-
rolled 50 school children aged 9 - 12 years in Brebes Central 
Java showed that 28% (14/50) of children were short stature. 
The result showed that the IGF-1 level in the preliminary study 
was only weakly correlated with arterial stiffness/body surface 
area index [16].

Based on the results of those previous studies, we ex-
amined the association of four common SNVs of the CYBA 
gene with the arterial function of short stature children to see 
whether genetics play a part in the cardiovascular function of 
the children.

Materials and Methods

This was an observational study to analyze the association be-
tween the CYBA variants and the arterial elasticity in children 
with short stature. This study has received ethical clearance 
from the Commission on Health Research Ethics Faculty of 
Medicine Diponegoro University and Dr Kariadi Hospital, 
with the number: 02/EC/FK-RSDK/IV/2018. Informed paren-
tal consents had been obtained prior to samples collection.

Subjects

Subjects were short stature children (height for age score ≤ 
-2 standard deviation (SD)) aged 9 - 12 years old in grades 
3-5 elementary in Brebes, Central Java, Indonesia. Subjects 
with obesity and/or diabetes mellitus, and congenital diseases 
known to cause short stature and/or affect the aortic elasticity 
such as Turner syndrome, Down syndrome, Noonan syndrome, 
Marfan syndrome, William’s syndrome, and congenital heart 
disease were excluded. A total of 142 samples were collected 
for their deoxyribonucleic acid (DNA). In all of the subjects, 
the data on age, sex, and body mass index (BMI) were taken.

Determination of aortic stiffness and distensibility

Arterial elasticity properties were measured from the arterial 
stiffness and distensibility. All subjects underwent transtho-
racic echocardiography, performed by pediatric cardiology, 

using a Logic E portable (General Electric) echocardiography 
device. Subjects with cardiac structural and functional abnor-
mality were excluded after a thorough examination to rule 
those out.

M-mode measurement in parasternal long axis view was 
used to define the ascending aortic distensibility and stiffness. 
Measurement took place at 30 mm distal to aortic valve, with 
the subjects lying in supine position during examination. The 
data were collected three times for each subject, and then aver-
aged.

The formulas for calculating distensibility and wall stiff-
ness index are as follows: Distensibility = (As - Ad)/(Ad × (Ps 
- Pd) × 1,333) × 107 (10-3 kPa-1), and Stiffness index = (ln(Ps/
Pd)]/((Ds - Dd)/Dd) (dimensionless), where As is systolic area, 
Ad is end-diastolic area, Ps is SBP, and Pd is DBP (both in mm 
Hg). Area A was determined as (A = (D/2)2 × Pi) [17].

Extraction of genomic DNA

The extraction of genomic DNA was done in Center for Bio-
medical Research Laboratory of Faculty of Medicine Dipon-
egoro University Indonesia, using salting-out method. EDTA 
blood was put in the falcon tube, and 5 - 10 mL of lysis buffer 
NH4Cl was added. After hemolysis, the tubes were centrifuged 
for 5 min at 3,000 - 3,500 rpm at room temperature. The super-
natant was then discarded and NH4Cl lysis buffer was added, 
and once again the supernatant was removed to obtain a white 
pellet. Two milliliters of TE buffer Strong/TE lysis was added 
into white pellets, and 30 - 50 µL proteinase K was added. A 
hundred microliters of 10% sodium dodecyl sulfate (SDS) was 
added, mixed, and then put into the 50 °C H2O bath overnight. 
For the extraction and precipitation, 6 M NaCl was added. 
Tubes were centrifuged for 10 min at 10 rpm, the supernatant 
containing DNA was taken and transferred to a new tube, and 
2× volume of 100% ethanol was added. The DNA was taken 
and washed with 70% ethanol, and moved into a 1.5 mL Eppen-
dorf tube. Normal TE buffer was added as much as 300 - 500 
µL to dissolve the DNA at least overnight at room temperature.

TaqMan allelic discrimination assay

The TaqMan allelic discrimination assay was done at the De-
partment of Biological Sciences, Graduated School of Sci-
ences, The University of Tokyo. It was used to genotype four 
SNPs on the CYBA gene: C242T (rs4673), A640G (rs1049255), 
-930A>G (rs9932581) and *49A>G (rs7195830). The poly-
merase chain reaction (PCR) was done in a total reaction vol-
ume of 10 µL, which consisted of 3.875 µL MilliQ H2O, 5 µL 
TaqMan universal PCR master mix, 0.125 µL TaqMan probe 
and 1 µL DNA with the concentration of 10 ng/µL. A com-
mercially available TaqMan probe (Applied Biosystem Inc.) 
for the rs4673 (C242T), rs9932581(-930A>G), and rs7195830 
(*49A>G) was used in addition to a custom-made rs1049255 
probe for A640G variant. PCR program was run for initial de-
naturation for 10 min at 95 °C, followed by 15 s of denatura-
tion at 92 °C, and 60 s of annealing and extension at 60 °C, 
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repeated for 40 cycles. After PCR, allele-specific fluorescence 
was measured using ABI 7300 (Applied Biosystem Inc.). Gen-
otype frequencies were tested in accordance with Hardy-Wein-
berg equilibrium (HWE). The data were analyzed in Haplov-
iew using the standard transmission disequilibrium test (TDT). 
P-values below 0.05 were considered statistically significant.

Statistical analysis

The coding and tabulation of data into the computer, the pro-
cessing, analysis, and presentation were done using SPSS soft-
ware version 20.0 (Polar Engineering and Consulting, USA). 
All of the variances were tested for deviation from the HWE 
using a Chi-square analysis. To assess the correlation between 
genotype and phenotype (the arterial elasticity), bivariate and 
multivariate analyses were used. Differences with a P-value of 
< 0.05 were considered statistically significant.

Results

Samples characteristics

In total, 142 DNA samples were collected from the subjects 
aged 8 - 11 years old. The characteristics of the samples are 
presented in Table 1. Most of the children included in this 
study were male, with the mean age of 10.09 years old, and the 
body mass index (BMI) above -2. Aortic stiffness and disten-
sibility index were 1.78 and 76.58, respectively, which are in 
the normal range.

Allele frequency and HWE

The allele frequency for each SNV is reported in Table 2. None 
of four SNVs were significantly deviated from the HWE. The 
frequencies of variants allele were in concordance with the 
literature and databases, except for rs7195830 (*49A>G), in 
which the G allele carriers were more than the A carriers.

Association between genotypes and aortic stiffness index

In rs4673, rs7195830 and rs1049255, there was no signifi-
cant difference in aortic stiffness index between genotypes. In 
rs9932581 (-930A>G), GG homozygosity was associated with 
the lower aortic stiffness index (Table 3).

Association between genotypes and aortic distensibility

In line with the result in aortic stiffness index, the GG geno-
type in rs9932581 (-930A>G) was significantly associated 
with higher aortic distensibility index (Table 4). Other SNVs 
showed no significant difference in aortic stiffness index.

Discussion

Children with short stature were found to have a higher risk 
of cardiovascular disease in their adulthood, either for con-
gestive heart disease, myocardial infarct, or all cardiovascular 
disease mortality, compared to those who are taller [1]. This 
condition might be related to a higher risk of abdominal fat 
accumulation which is the predictor of metabolic alterations in 
stunted children [18]. In this research, the average BMI values 
of the children are between 1 and 2 standard deviation (SD) 
below the WHO standard; however, the abdominal fats were 
not measured. It is important to differentiate non-nutritional 
from nutritional short stature, as the vascular elasticity in non-
nutritional short stature might be caused by other specific 
conditions, apart from NO and ROS imbalance. In this study, 
we did a screening for the presence of syndromes which can 
affect either the short stature or the aortic elasticity, namely 
Turner syndrome, Down syndrome, Noonan syndrome, Mar-
fan syndrome, William’s syndrome, and congenital heart dis-
eases. Measuring the serum IGF-1 level has been accepted 
as a screening tool for nutritional short stature, and it could 
be a confounding factor for this study [19]. But with the pre-
screening for non-nutritional short stature, although it could 
not cover the whole needs for the differentiation, at least we 

Table 1.  Samples Characteristics

Variables Frequency/mean SD
Sex
  Male 80 (56.3%)
  Female 62 (43.7%)
Age (years) 10.09 0.91
Height for age (z score) -2.38 0.59
BMI (z score) -1.38 1.03
Aortic ascending diameter during systole 1.75 0.15
Aortic ascending diameter during diastole 1.50 0.17
Aortic stiffness index 1.78 1.78
Aortic distensibility index 76.58 53.86

BMI: body mass index; SD: standard deviation.
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Table 3.  Association Between Genotypes and Aortic Stiffness Index

SNV Genotype Mean of aortic stiffness index P
rs4673 (242C>T) CC 2.39 ± 0.54 0.623a

CT 2.29 ± 0.54
TT 2.48 ± 1.07
CC + CT 2.37 ± 0.54 0.74c

TT 2.45 ± 1.09
rs1049255 (640A>G) AA 2.31 ± 0.50 0.191a

AG 2.47 ± 0.57
GG 2.25 ± 0.76
AA + AG 2.39 ± 0.54 0.372c

GG 2.25 ± 0.76
rs9932581 (-930A>G) AA 2.35 ± 0.48 0.048a*

AG 2.45 ± 0.61
GG 1.93 ± 0.70
AA + AG 2.367 ± 0.55 0.026c*
GG 1.93 ± 0.70

rs7195830 (*49A>G) AA 2.32 ± 0.25 0.805b

AG 2.33 ± 0.46
GG 2.43 ± 0.68
AA + AG 2.33 ± 0.43 0.335c

GG 2.43 ± 0.68

*P < 0.05. aANOVA. bKruskal-Wallis. ct-test. ANOVA: analysis of variance; SNV: single nucleotide variant.

Table 2.  Allele Frequencies

No. SNV Genotype Frequency Percentage
1. rs4673 (242C>T) CC 107 75.35%

CT 30 21.13%
TT 5 3.52%

Allele frequency C 244 85.92%
T 40 14.08%

2. rs1049255 (640A>G) AA 63 45.00%
AG 62 44.29%
GG 15 10.71%

Allele frequency A 188 71.63%
G 92 28.37%

3. rs9932581 (-930A>G) AA 69 48.94%
AG 64 45.39%
GG 8 5.67%

Allele frequency A 202 71.63%
G 80 28.37%

4. rs7195830 (*49A>G) AA 12 8.63%
GA 59 42.45%
GG 68 48.92%

Allele frequency A 83 29.86%
G 195 70.14%

SNV: single nucleotide variant.
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can be more certain that it might be nutritional. Moreover, the 
p22phox encoded by CYBA gene plays a direct role in the vas-
cular elasticity through the formation of ROS [10]. The effect 
of the confounding factor can be even less.

The presence of -930A>G variant in the promoter of CYBA 
gene leads to higher transcription levels of p22phox compared 
to the wild type, and it might interact with the CCAAT/en-
hancer-binding protein ∂ (C/EBP) [20]. This leads to increased 
proliferation of VSMC, production of ROS, and endothelial 
dysfunction which may contribute to cerebrovascular disease 
[21]. The association between -930A>G and hypertension has 
been reported; however, controversial results have been pub-
lished with regard to this association of the GG genotype and 
hypertension [22, 23]. Most of the publications contradict our 
finding, except a case-control study by Goliasch et al which 
suggested that the c.-930A>G promoter variants might act as a 
protective factor for the development of myocardial infarction 
in young individuals (≤ 40 years) [24]. The different character-
istic of the subjects included in the study might be the reason 
for our different finding. In this study, we included only those 
with height z-score of -2 or less and see whether the presence 
of variant affected arterial function.

There was no significant association of the other CYBA 
gene variants with the arterial function. This seems differ-
ent from other findings that reported the association between 
C242T variant and a higher risk of CAD in the young (< 45 
years) [25], or the relationship between the variant with the 

progressivity of asymptomatic atherosclerosis in type 2 dia-
betics and insulin resistance in non-diabetics [26]. However, 
it is important to notice that the association between C242T 
with an increased risk of CAD was known to be related to a 
reduced basal and NADPH-stimulated ROS production [27]. 
This phenomenon suggested that reduction in NADPH activ-
ity, with the consequence of a decrease in ROS production, 
leads to the progression of atherosclerosis in young individu-
als. So, in this case, a variant that up-regulates the NADPH 
activity and increases ROS production might function as a 
protective factor, especially in children or young adults [24]. 
Some in-vitro studies support this idea that preconditioning 
the endothelial cells with ROS reduced the inflammatory re-
sponse [28, 29].

Our study has some limitations to be considered. First of 
all, this study was performed only in short stature children. 
Thus, the same association may not be found in normal stature 
children. Second, the parameter of arterial functions might be 
measured too early to show a disturbance in the cardiovascu-
lar system. A cohort study on the same population would be 
needed to show whether or not the examination on CYBA gene 
variant brings advantage in predicting cardiovascular morbid-
ity in those children. Thirdly, we did not do IGF-1 level and 
hormonal examination, as well as parental height measure-
ment, which could become confounding factors. Finally, com-
pared to other populations, the G allele frequency in -930A>G 
in our study was lower (0.28) than in Chinese (0.36) or Bra-

Table 4.  Association Between Genotypes and Aortic Distensibility

SNV Genotype Mean of aortic distensibility P
rs4673 (242C>T) CC 69.29 ± 39.34 0.263a

CT 81.31 ± 37.82
TT 78.25 ± 34.50
CC + CT 68.26 ± 38.18 0.206b

TT 78.25 ± 34.50
rs1049255 (640A>G) AA 74.25 ± 42.69 0.410a

AG 67.88 ± 37.28
GG 82.17 ± 34.45
AA + AG 69.42 ± 38.22 0.235b

GG 82.17 ± 34.45
rs9932581 (-930A>G) AA 71.19 ± 33.42 0.044a*

AG 70.11 ± 40.13
GG 150.67 ± 72.97
AA + AG 69.12 ± 34.69 0.013b*
GG 150.67 ± 72.97

rs7195830 (*49A>G) AA 65.62 ± 23.39 0.605a

AG 75.58 ± 37.89
GG 69.49 ± 40.15
AA + AG 73.89 ± 35.91 0.260b

GG 69.49 ± 40.15

*P < 0.05. aANOVA. bt-test. ANOVA: analysis of variance; SNV: single nucleotide variant.
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zilian (0.37) [21, 30]. The difference in ethnicity might influ-
ence the result, thus a larger study comprising various ethnics 
is suggested.

Conclusion

The GG genotype in rs9932581 of the CYBA gene might have 
a protective effect on cardiovascular disease in short stature 
children.
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