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Abstract

Background: Cyanotic CHD is one of many disorders in paediatrics that influence the health of
children in different clinical aspects. One of the fundamental aspects that may be affected is
bone mineral density. Objectives: The aim of our study is to assess bone mineral density in chil-
dren with congenital cyanotic heart disease of different anatomical diagnoses. Design/Methods:
Cross-sectional, observational study included 39 patients (20 males) with congenital cyanotic
heart disease of different anatomical diagnoses following with the cardiology clinic in Mansoura
University children’s hospital. All patients were subjected to anthropometric measures, oxygen
saturation assessment, and lumber bone mineral density using dual-energy X-ray absorptiom-
etry. Results: Six patients (15.4%) out of the 39 included patients showed bone mineral density
reduction, 13 patients (33.3%) showed bone mineral density with Z-score between —1 and —2,
while 20 patients (51.3%) showed bone mineral density with Z-score more than —1. Conclusion:
Low bone mineral density can be found in children with cyanotic CHD, making it important to
consider bone mineral density assessment and early treatment if needed to avoid further
complications.

CHD are described as structural defects in the heart or the intrathoracic blood vessels arising
throughout the period of fetal development.'! The incidence of CHD between live-born children
averages from 4 to 9 per thousand (0.4-0.9%). Around 1.5 million new cases are diagnosed
each year.? As for its effect on survival, there is an expanding interest in diverse clinical aspects
of infants and children with CHD. Besides, the improved outcome for CHD has been associated
with more interest in the associated morbidities.®

During growth, muscles and bones of children suffering from CHD are subjected to many
harmful effects,* while it is well recognized that adults with advanced cardiac pathology suffer
from low bone mass,’ still, no satisfactory studies were conducted to investigate the effect of
congenital cyanotic heart disease on the bone density in paediatric population.®

Few studies reviewed the bone changes in children suffering from congenital cyanotic heart
disease,”!? diverse studies investigated the effect of corrective surgeries,'"'? and anticoagulant
therapy.!* We aimed to assess the bone mineral density in a cohort of children with congenital
cyanotic heart disease of different anatomical diagnoses using dual-energy X-ray absorptiometry.

Our study was a cross-sectional, observational study of children suffering from congenital cya-
notic heart disease, conducted in Pediatric Cardiology Unit and Pediatric Endocrinology Unit at
Mansoura University Children’s Hospital, Mansoura, Egypt, and written informed consent was
taken from all parents of the patients enrolled in the study. The institutional Review Board of
Mansoura University had approved the study.

Patients who are below 18 years old and who were diagnosed within the first year of life with
Cyanotic CHD attending the cardiology clinic Mansoura University Children’s Hospital are
included. All the patients were ambulatory throughout the study.

Patients who are suffering from other major congenital deformities, have done corrective sur-
gery, receiving anticoagulant therapy, other comorbidities, or suffering from any acute illness
are excluded.

All enrolled children were subjected to accurate history taking and clinical examination.
Anthropometric measurements including length or height, body weight, and head circumfer-
ence were evaluated using standard procedures by experienced single personnel. Data for
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weight, height and head circumference were checked using growth
parameters standards in Egyptian infants and children.!* Body
mass index was calculated (body mass index = weight/height?).
Oxygen saturation of each patient was measured three times by
pulse oximetry and average saturation was documented, hypoxe-
mia was defined as arterial oxygen saturation less than or equal to
90%.!> Echocardiography was performed for all patients by single
experienced paediatric cardiologist. This study took place on
May 2019.

Lumbar bone mineral density was measured for all patients
using the Lunar DPXIQ-USA software version 4.5. All examina-
tions were performed by single technologist, and the same observer
analyzed all scans. Patients who are less than three years were
sedated. The results of the bone mineral density scans were com-
pared to the data of 352 healthy age- and sex-matched Egyptian
controls,'® and Z-score was calculated:

7 — score =

Patient bone mineral density — Control bone mineral density

Standard Deviation of Control bone mineral density

Normal bone mineral density was considered as a lumbar spine
Z-score >—1, a lumbar spine Z-score between —1 and —2 was iden-
tified as borderline, patients with low bone mineral density was
considered as a lumbar spine Z-score equal or lower than —2.0.!”

IBM SPSS software package version 22 was used for statistical
analysis. Kolmogorov—Smirnov test was used to examine the dis-
tribution of data. Median and interquartile range (IQR) were used
to describe the nonparametric quantitative data, while mean and
standard deviation were used to describe the parametric quantita-
tive data. p-Value less than 0.05 was regarded as significant.
Non-parametric quantitative variables were tested using Mann—
Whitney test. Predictors and risk factors were detected using
Binary logistic regression by the Forward Wald technique for
multivariable analysis. Variables enrolled into the multivariable
analysis were those with p value of <0.1 by univariable analysis,
or clinically relevant variables. Performance of the regression mod-
els was judged by the Hosmer—Lemeshow test.

Thirty-nine (20 males) patients were enrolled in this study. The
specific cardiac lesions are detailed in Table 1. Median age of
patients was 2 years (IQR: 1-3), body weight 9 kg (IQR: 9-11.5),
height 80 cm (IQR: 71-94), and body mass index 15.2 (IQR:
12.2-16.2).

Mean oxygen saturation was 74 + 6.4, and growth parameters of
the enrolled patients are listed in Table 2. Among the studied
patients, 20 patients (51.3%) showed normal bone mineral density
(Z-score >—1), 13 patients (33.3%) showed borderline bone min-
eral density (Z-score between —1 and —2), and 6 patients (15.4%)
showed bone mineral density reduction (Z-score <—2) (Table 3).
All patients who suffered from low bone mineral density had dif-
ferent anatomical backgrounds of congenital cyanotic heart dis-
ease, with median age 3.5 years (IQR: 2.8-5.2), mean oxygen
saturation 66.5 + 2.5 (Table 4). The Z-scores of L2-.4 bone min-
eral density of the studied subjects showed a strong positive corre-
lation with their average oxygen saturation (Fig 1). By univariable
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Table 1. Anatomical background of congenital cyanotic heart disease in the
studied population

DIAGNOSIS OF THE PATIENTS NUMBER
SV+PS 5
SV +TGA 6
PA + MAPCAs 2
TA + PA + PDA, 2
TGA,4+-ASD 7
TGA +VSD 2
Tetralogy of Fallot 15
Total 39

ASD, atrial septal defect; MAPCAs, major aortopulmonary collateral arteries; PA, pulmonary
atresia; PDA, patent ductus arteriosus; PS, pulmonary stenosis; SV, single ventricle; TA,
Tricuspid atresia; TGA, transposition of great arteries; VSD, ventricular septal defect.

analysis lower oxygen saturation was identified as risk factor for
reduction of bone mineral density, given that lower BMI was
reported to be a risk factor for lower bone mineral density,!”2
logistic regression model was implemented, the single independent
risk factor for reduction of bone mineral density was lower oxygen
saturation (Table 5).

Childhood is a crucial period for bone growth, satisfactory gain of
bone mass is vital for avoiding bone fractures in paediatrics and
osteoporosis in adulthood.??? Although knowing that children
suffering from chronic diseases are at higher risk of bone mineral
density reduction, there are no sufficient studies of bone mineral
density status in children with cyanotic CHD.?

This study investigated the bone mineral density in 39 children
with different congenital cyanotic heart diseases using dual-energy
X-ray absorptiometry, L2-L4 lumbar scans showed 13 patients had
Z-scores of bone mineral density between —1 and —2, while 6
patients showed bone mineral density reduction (Z-score <—2),
among the six patients with bone mineral density reduction, two
patients only had height and weight below 5th centile for matched
age and sex, thus even with the average growth parameters the
bone mineral density was affected, this might support the hypoth-
esis that congenital cyanotic heart disease can be linked to bone
mineral density reduction. Patients who had reduced bone mineral
density suffered from different anatomical CHD, and all of them
suffered from hypoxemia.

A recent study in 2020 used dual energy X-ray absorptiometry
to assess the bone mineral content in 73 adults suffering from com-
plex CHD, the patients group showed significantly lower bone
mineral density compared to controls (1.18 +0.12 g/cm? vs.
1.26 +0.11 g/cm?, p<0.001), this agrees with our findings.**
These results coincides with the results of Bendaly et al.?* who stud-
ied bone mineral density in 26 children with single ventricle physi-
ology using dual-energy X-ray absorptiometry, they realized that
their bone mineral density was significantly reduced compared
to the normal population (p < 0.0001), 25 (96%) of those patients
had had Fontan procedure before the timing of the scan and 14
(53%) of them were on anticoagulant therapy. In accordance with
the aforementioned results, Barens et al. investigated 17 patient
with complex CHD following in Royal Children’s Hospital,
Melbourne, Australia, they were maintained on warfarin, and com-
pared them to 312 normal controls, there was a significant lumbar
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Table 2. Growth parameters and average oxygen saturation of the studied patients
VARIABLE Ack BMI OXYGEN
Patient (YEARS) Weight (kg) Percentile Height(cm) Percentile BMI Percentile SATURATION (%) BMD z score
Female
1 2.50 10.00 5 85 25 13.84 10-25 75.00 —1.60
2 2.00 10.00 10 76 <5 17.31 90 68.00 —4.0
3 4.00 14.00 10-25 94 5-10 15.84 50 60.00 —-1.80
4 9.00 23.00 5-10 137 75-90 12.25 <5 85.00 2.00
5 2.00 9.00 5 75 <5 16.00 50-75 80.00 —-0.20
6 16.00 50.00 10 160 5-10 19.53 10-25 75.00 —0.55
7 6.00 20.00 50 111 25 16.23 50-75 72.00 —0.56
8 1.00 7.00 <5 80 95 10.94 <5 75.00 —0.80
9 1.00 8.00 10 71 10-25 15.87 10-25 68.00 —-1.20
10 2.50 11.50 25-50 82 10 17.10 95 65.00 —2.90
11 1.00 8.00 10 80 95 12.50 <5 76.00 —0.75
12 9.00 22.00 <5 137 75-90 12.25 <5 64.00 -4.4
13 2.00 9.00 5 75 <5 16.00 50-75 82.00 2.08
14 1.00 7.00 <5 80 95 10.94 <5 70.00 —1.50
15 1.00 8.00 10 71 10-25 15.87 10-25 70.00 -1.20
16 1.00 7.00 <5 80 95 10.94 <5 72.00 —0.99
17 2.50 11.50 25-50 82 5 17.10 95 64.00 —4.50
18 2.50 10.00 5 85 25 13.84 10-25 71.00 —1.48
19 2.00 10.00 10 76 <5 17.31 75-90 79.00 —0.50
Male
20 1.00 4.50 <5 60 <5 12.50 <5 75.00 0.20
21 2.00 12.00 75-90 87 50-75 15.85 50-75 72.00 —1.50
22 1.50 8.50 <5 75 <5 15.11 25-50 70.00 —1.46
23 2.50 13.00 75 90 75 16.05 25-50 75.00 -.90
24 1.00 6.00 <5 70 <5 12.24 <5 70.00 —2.3
25 +2.00 9.50 5 79 <5 15.22 25-50 84.00 1.99
26 1.50 9.50 10-25 76 <5 16.45 50-75 70.00 —-1.20
27 4.50 14.00 10-25 98 5-10 14.58 25-50 81.00 —1.80
28 3.00 8.00 <5 100 95 8.00 <5 75.00 —-0.30
29 1.00 8.50 25 67 <5 18.94 90-95 68.00 —1.48
30 1.00 6.00 <5 70 10-25 12.24 <5 77.00 —0.99
31 2.00 9.50 5 79 <5 15.22 25-50 82.00 1.98
32 6.00 20.00 25-50 111 10-25 16.23 50-75 87.00 2.00
33 3.00 8.00 <5 100 95 11.50 <5 70.00 —1.56
34 3.00 8.00 <5 100 95 8.00 <5 81.00 1.88
35 1.00 8.00 10-25 71 10-25 15.87 25-50 68.00 -3.5
36 1.00 8.50 10-25 67 5 18.94 90-95 85.00 1.28
37 1.00 4.50 <5 60 <5 12.50 <5 71.00 —1.48
38 1.00 4.50 <5 60 <5 12.50 <5 79.00 —0.50
39 1.00 8.00 10-25 71 10-25 15.87 25-50 78.00 —0.50

BMD, bone mineral density; BMI, body mass index.
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Table 3. L2-L4 bone mineral density in examined children with cyanotic congenital heart disease

PATIENTS WITH NORMAL BMD

PATIENTS WITH BORDERLINE BMD PATIENTS WITH Low BMD

VARIABLE (Z-score >-1) No. (%) (Z-SCORE BETWEEN -1 AND -2), NO. (%) (Z-score <-2), NO. (%)
Patients (no, %) 20 (51.3%) 13 (33.3%) 6 (15.4%)
L2-L4 BMD Z-score Median &IQR —0.4 (-0.7,1.9) —1.48 (-1.58, —1.33) —3.7 (=4.4, —2.7)

Results are expressed as, number (percentage of total), median and interquartile range. Statistical significance was defined as P < 0.05, BMD: bone mineral density, No: number of the subjects,

IQR: interquartile range.

Table 4. Clinical characteristics and bone mineral density status of the 6 patients with bone mineral density reduction

LUMBER SPINE BONE MINERAL

AVERAGE OXYGEN

GENDER DENSITY (Z-SCORE) DIAGNOSIS SATURATION (%)
1 Female —4.4 SV, PS 68
2 Male -23 TGA, ASD 70
3 Female -2.9 PA, MAPCAs 65
4 Female —4.5 TGA, ASD 64
5 Male -35 Tetralogy of Fallot 68
6 Female -4 PA, MAPCAs 64

ASD, Atrial septal defect; MAPCAs, major aortopulmonary collateral arteries; PA, pulmonary atresia, PS, pulmonary stenosis; SV, single ventricle; TGA, transposition of great arteries.

Table 5. Risk factors for low bone mineral density by univariable and multivariable analysis

RISK FACTORS

UNIVARIABLE ANALYSIS

MULTIVARIABLE ANALYSIS

OR (95%Cl) p-Value OR (95%Cl) p-Value
Oxygen saturation (per 1 % change) 0.81(0.66-0.98) 0.037 0.81(0.66-0.99) 0.040
Age (per 1 year change) 1.03(0.78-1.35) 0.834 - -
Height (per 1 cm change) 1.28(0.02-66.49) 0.901 = =
Weight (per 1 Kg change) 1.01(0.91-1.12) 0.857 - -
BMI (per 1 % change) 1.14(0.81-1.62) 0.433 1.10(0.73-1.64) 0.631

Statistical significance was defined as p <0.05. BMI, body mass index; Cl, confidence interval; OR, odds ratio.

spine bone mineral density reduction in the patients group when
compared to the control group.!* Comparably, a recent study in
Minnesota, United States of America, enrolled 10 patients with a his-
tory of Fontan procedure over 5 years before the timing of the scan
and compared them to 11 healthy controls. Lumbar dual-energy X-
ray absorptiometry scan revealed lower than average values amongst
the patients group.'? These findings are supported by other studies
that found decreased bone mineral density in patients with congenital
cyanotic heart diseases who have undergone Fontan palliation.?-2%2>
Furthermore, bone X-ray assessment in children with cyanotic CHD
detected changes such as widening of diploe and “hair on end” stria-
tions in the skull, medullary cavity widening in long bones, and tra-
beculation in the lumbar spine.”

In opposition to the findings of this study, Witzel and col-
leagues analyzed bone and muscle parameters in patients with
CHD (29 patients) aged 14-24 years using peripheral quantitative
CT, and found normal muscle and bone development in most
patients with CHD, this disagreement may be attributed to the dif-
ference in age group included in their study and to the fact that
31% (9 patients) of their patients had non-cyanotic CHD, 51.7%
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(15 patients) had reparative surgery for cyanotic CHD before
the time of the study, while only 6.8% (2 patients) had cyanotic
CHD with no surgery, or only palliative surgery.*

Another finding in this study was that lower oxygen saturation
was identified as single independent risk factor for bone mineral
density reduction, likewise we found that the average oxygen sat-
urations in the studied subjects positively correlates with bone
mineral density Z-scores, this result is concurring with the findings
of the study by D’ Ambrosio et al., where they found a positive cor-
relation between resting oxygen saturation and hip t-score in 28
participants with Fontane circulation.?® In addition, a further study
assessed bone health in individuals with prolonged residency in
hypoxic environments at high altitude using multi-site quantitative
bone speed of sound, they concluded that bone density was signifi-
cantly lower in high altitude residents compared to sea level resi-
dents,?’” furthermore bone mineral density in 30 males diagnosed
with obstructive sleep apnea syndrome was assessed by Terzi et al.,
and compared to 20 healthy males, multivariable assessments
performed for mean oxygen saturation levels were found to
be significantly associated with neck bone mineral density,”®
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Average oxygen saturation

these conclusions are explained by the stimulatory effect of
hypoxia on osteoclastic activity and bone resorption.?-*!

To the best of our knowledge, this is the largest study to inves-
tigate the bone mineral density in a cohort of children with differ-
ent cyanotic CHD using dual-energy X-ray absorptiometry.

The limitations of this study included lack of biochemical pro-
file of calcium metabolism and vitamin D status. In addition, even
though all the patients were active during the study, we lack accu-
rate assessment of their activity level.

In conclusion, this cross-sectional, observational study showed
that relevant abnormalities of bone mineral density exist in chil-
dren suffering from congenital cyanotic heart diseases of different
anatomical backgrounds. The aforementioned positive correlation
between the level of oxygen saturation and bone mineral density,
concurrently with the identification of lower oxygen saturation as a
single independent risk factor for bone mineral density reduction,
suggests that those with lower oxygen saturation are at higher risk
to develop bone mineral density reduction. Based on these find-
ings, it may be wise to consider bone mineral density assessment
in children with cyanotic CHD, we believe that regular assessment
of bone mineral density can improve bone health and decrease the
risk for fragility fractures. Relevantly, further research is warranted
to determine the need for early calcium or vitamin D supplemen-
tation for children with cyanotic CHD.
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