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Background: The impact of chronic hepatitis C (CHC)
on bone mineral density (BMD) has been well studied in
adults with a relative paucity of data in children, especially
concerning effect of treatment with pegylated interferon
(PEG-IFN) plus ribavirin (RV). In the current work, we
assessed prospectively changes in BMD in children with
CHC before, during, and after treatment.

Methods: Forty-six consecutive children with non-
cirrhotic genotype 4 CHC were subjected to dual-energy
X-ray absorptiometry at baseline, 24 weeks, 48 weeks of
therapy and 24 weeks after treatment. BMD, bone mineral
content (BMC), and Z score of lumbar spine (L2-L4) were
reported. Tanner pubertal stage, viral load, liver function
tests, serum calcium, phosphorus, alkaline phosphatase,
parathyroid hormone, and liver histopathology were
assessed in all included children.

Results: Thirty (65.2%) patients had normal BMD,
10 (21.7%) were at risk for low BMD, and 6 (13.1%)
had low BMD for chronological age. Patients with low
BMD were significantly older (P=0.001), with higher
frequency of delayed puberty than other groups (P=0.002).
Baseline densitometric parameters (BMD & BMC) were
significantly positively correlated with patients' age,
weight, height, body mass index and hemoglobin level;
while they were insignificantly correlated with basal
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viral load, histopathology activity index and fibrosis
score. Densitometric parameters improved significantly
on PEG-IFN plus RV treatment, this improvement was
found to be sustainable 24 weeks after therapy.

Conclusions: Low BMD is detectable in a proportion
of CHC children. Antiviral therapy leads to a sustainable
increase in BMD.
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Introduction

hronic hepatitis C (CHC) continues to be a global
‘ health problem; it has high mortality, morbidity

and economic impact. Currently, 3% of the world
population are chronically infected with hepatitis C.""*
Egypt has the highest hepatitis C virus (HCV) prevalence
worldwide, estimated to be 14.7% among adult
population.”* Prevalence of HCV infection in children
is less clear;" the prevalence rates in Egypt were low in
the 1990s among non-transfusion dependent children,
however another series reported prevalence rate to be
2% among children."”

Compared with adults, children with CHC infection
usually have a mild and slowly progressive disease that
unlikely progresses to cirrhosis."® Pegylated interferon
alpha (PEG-IFNa) with ribavirin (RV) is still the
treatment of choice for CHC in children as young as 3
years of age."” Direct-acting antivirals (DAAs) drugs
have been approved for the treatment of CHC in adult
population;[m] however, their usage in children is not
approved yet. Different clinical trials are now running for
evaluation of DAAs in pediatric HCV population.!""”

The term "hepatic osteodystrophy" defines the
metabolic bone disorders occurring in individuals with

chronic liver disease;"" it commonly affects patients with
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CHC who had severe cholestasis or liver cirrhosis.""*'" The
participation of vitamin D-parathyroid hormone (PTH)
axis disturbance in the bone loss in these patients is
controversial, some studies in adults reported unclear
role"*'” while others reported its relevance."*

Treatment of CHC with INF plus RV may induce
bone loss with RV-dependent changes related to bone
mineral metabolism,"” though other reports showed
improvement in bone mineral density (BMD) with INF
plus RV therapy.”” No reports discussed the effect of
DAAs on BMD, thus it should be evaluated in future
studies.

Despite the significant number of children infected
with HCV, there is a relative paucity of data regarding
the impact of CHC on bone homeostasis.””'?"
Furthermore, the influence of PEG-IFN « plus RV on
bone metabolism in children has been characterized
only in few reports.”" The potential benefit of sustained
eradication of HCV on BMD is unknown, and to the
best of our knowledge, there are no previous reports
on BMD in children with genotype 4 CHC. Therefore,
we prospectively investigated lumbar spine BMD in
46 children with CHC genotype 4 infection treated by
PEG-IFN « plus RV at baseline, during therapy and 24
weeks after end of the treatment.

Methods

Patients

Forty-six consecutive patients with CHC genotype 4
presented at Hepatology Outpatient Clinic, Mansoura
University Children's Hospital, Egypt between
January 2011 and January 2013 were enrolled in the
present prospective study. The principles outlined in
the Declaration of Helsinki were followed and informed
consents were obtained after study protocol approval by
the local ethical committee in the Faculty of medicine,
Mansoura University, Egypt.

All included patients had evidence of CHC infection
(positive anti-HCV antibody for more than 6 months and
positive HCV-RNA by PCR). Histological examination
of liver biopsy was done for all patients. A single expert
pathologist reported fibrosis and necroinflammatory
injury according to the modified Knodell score by
Ishak, in which inflammatory activity is graded from 0
to 18 and fibrosis is graded from 0 to 6.

Exclusion criteria

None of included children had cirrhosis or decompensated
liver disease; obesity [body mass index (BMI) >95th
percentile]; endorinologic disorders affecting bone
metabolism (thyroid, parathyroid diseases, Cushing's
disease) or any contraindication for PEG-IFN a plus
RV treatment. None of the patients received vitamin D,
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calcium or any other osteoporosis-specific pharmacological
therapy prior to or during the study period. All patient with
previous diagnosis of leukemia or solid tumor enrolled in
this study had finished their chemotherapy courses at least
12 months before enrollment. Other causes of liver diseases
either infectious or metabolic were excluded.

Examination

All included children were subjected to thorough history
and careful physical examination including detailed
anthropometric measurements and pubertal staging.
Laboratory work-up included the following: serum
bilirubin (total and direct), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (GGT), albumin, alkaline phosphatase
(ALP), calcium, phosphorus, and PTH. Liver biopsies were
taken as a part of the patient's initial evaluation.

Pubertal assessment

Each patient was examined to assess the pubertal stage
according to Tanner. Delayed puberty was defined as the
absence of any breast development at the age of 13 years
in girls or the absence of increase in testicular volume (<4
mL) at the age of 14 years in boys.”® Arrested puberty
was definded as failure of puberty to progress with a lag
in normal pubertal maturation or some pubertal aspects
regression (e.g., shrunken breasts or softening testicles),
also it included those who needed more than 5 years to
complete pubertal development.””

Treatment protocol and patients derivation

All patients received combined PEG-IFN a 2b and RV
according to the published guidelines.”* Patients were
monitored for drug side effects, particularly thyroid and
hematologic disorders, with possible dose modification
when needed. None of our patients had developed drug
side effect necessitating stopping of treatment.

Viral load was assessed using quantitative RT-
PCR at completed 12th, 24th, 48th weeks of therapy,
and 24 weeks after treatment for sustained virologic
response (SVR). Derivation and definitions of the study
population are shown in Fig..

Bone densitometry measurements

Bone densitometry at the postero-anterior lumbar
spine (L2-L4) was performed using dual energy X-ray
absorptiometry (DXA) (Lunar, DPX IQ-USA, software
version 4.5). Sequential measurements were performed at
baseline prior to antiviral treatment (46/46 patients), after
24 weeks of antiviral therapy (29/46 patients), after 48
weeks of antiviral therapy (25/46 patients) and at the end
of a 24-week follow-up (off-therapy) period (week-72)
(25/46 patients).
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DXA scanning is the preferred method for measurement
of bone density in children;”” the recommendation of
International Society for Clinical Densitometry with a
minimum monitoring time interval of 6 months was
considered.””

The same well-trained technician performed all
scans and a single observer performed all analyses.
Densitometric data were reported as bone mineral
content (BMC, in g) referred to the quantity of bone
mineral within the scanned area. BMD was derived by
dividing the BMC by the scanned bone area (g/cm®).
BMD Z score was calculated based on age- and gender-
specific normative reference data for BMD in Egyptian
children obtained from 352 control children and
adolescents.”" Considering the similarity of geographical
location, genetic background, nutritional status and daily
lifestyle, the densometric data obtained from this large
group of healthy Egyptian children and adolescents were
considered as useful references to assess BMD status in
our study.

The DXA results were interpreted using the preferred
descriptive terminology in childhood as follow: "at risk
for low BMD for chronologic age" when BMD Z score

Eligible CHC children to start treatment
with PEG-INF o+RV (1=46)
I
At wk 12 with PEG-INF -+RV |

None response, treatment failure

is between -1.0 and -1.9, and "low BMD for chronologic
age" when BMD z-score is less than or equal to -2.0."”

Statistical analysis
Statistical analysis was performed using SPSS 16
software for Windows (SPSS Inc, Chicago, Ill), setting
statistical significance at P<(.05. Baseline characteristics
were described using mean+tstandard deviation for
continuous data and frequency (n%) for categorical data.
The Mann-Whitney U, the paired-sample ¢ and
ANOVA tests were applied for comparing continuous
variables, while the Chi-squared or Fisher's exact
probability test were applied for categorical data.
Correlations were done using Spearman's correlation.
Multiple regression analysis of various clinical, laboratory
and pathologic parameters was also performed.

Results

Forty six children (37 males and 9 females; mean age
10.47+3.95 years) with CHC genotype 4 infection
were enrolled; all were non-cirrhotics. Basal laboratory
results were as follows: ALT (52.02+42.12 U/L), AST
(46.05+34.43 U/L), GGT (41.86+45.58 U/L), total
bilirubin (0.68+0.2 mg/dL), albumin (4.59+1.9 g/dL),

Table 1. Baseline clinicopathological characteristics of studied CHC
children (n=46)

Not detectable or at least 2 log reduction
in HCV RNA at wk 12 of PEG-
INF a+RV early virologic response
(n=29)
[

[ At wk 24 of PEG-INF a+RV

Not detectable HCV RNA at
wk 24 of PEG-INF a+RV
(n=25)

[

At wk 48 of PEG-INF a+RV
(end of treatment)

At wk 48 of PEG-INF a+RV patients
achieved end of therapy virologic
response (n=24)

| Follow-up at wk 72 off therapy |

Sustained virologic response (n=23)

Fig. Derivation and definitions of the study population. CHC: chronic
hepatitis C; PEG-INF: pegylated interferon; RV: ribavirin; HCV:
hepatitis C virus.

(n=17) Parameters Results
Age in y, mean+SD (range) 10.47+3.95 (4-18)
Gender (male/female), n (%) 37 (80.4)/9 (19.6)
Height Z score, mean+SD -0.36+0.87
Weight Z score, mean+SD -0.55+0.74
BMI Z score, mean+SD -0.46+0.81
Probable duration of disease in y, mean+SD 5.85+3.24
Probable mode of acquisition, n (%)
None response, treatment Transfusion 29 (63.0)
failure (n=4) Intra-familial (other HCV positive family 10 (21.7)
member)
Others 7(15.3)
Co-morbidities, n (%)
No co-morbidities 16 (34.8)
Past co-morbidities 30 (65.2)
Leukemia 9(19.6)
Virologic breakthrough Solid tumor 12 (26.1)
(n=1) Renal problem (operated VUR) 4(8.7)
Chronic anemia 3(6.5)
Congenital heart diseases 2(4.3)
Histology activity index, n (%)
None 0(0)
Minimal (1-3) 12 (26.1)
Mild (4-6) 24 (52.2)
Moderate (7-9) 10 (21.7)
. . _ Marked (10-18) 0(0)
Virologic relapse (n=1) Fibrosis score, 1 (%)
No & portal-periportal fibrosis (Ishak 0-2) 31 (67.4)
Bridging fibrosis (Ishak 3-4) 15 (32.6)

Advanced fibrosis & cirrhosis (Ishak 5-6) 0(0)
CHC: chronic hepatitis C; HCV: hepatitis C virus; VUR: vesicoureteric
reflux; SD: standard deviation.
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prothrombin time (13.6+3.18 seconds), HCV RNA
(1.5+2.4 TU/mLx10°), serum calcium (9.06+0.65 mg/dL),
phosphorus (5.64+0.55 mg/dL), ALP (265.5£137.45 U/L)
and PTH (30.13+8.08 mg/dL). Clincoepidemiologic data
and liver histopathology results are shown in Table 1.

Baseline densitometry data of studied children with
CHC
Baseline DXA scan of lumbar spine revealed BMD
mean value (0.731£0.17; range between 0.46 and 1.17);
BMC (19.48+11.57; range between 3.75 and 52.21)
and BMD Z score (-0.614+1.097, range between -3.50
and 1.31). All patients had normal laboratory results for
serum calcium, phosphorus and PTH.

Among the 46 included CHC children, 30 (65.2%)
patients were of normal BMD, 10 (21.7%) were at

risk for low BMD, and 6 (13.1%) had low BMD for
chronological age. Comparative analysis of different
clincoepidemiologic, laboratory and pathologic
parameters among these groups is shown in Table 2.

Patients with low BMD were significantly older as
compared with other groups (P=0.001). A statistically
significant higher frequency of delayed puberty (50%)
was noticed among these patients. Regression analysis
failed to demonstrate any independent parameter that
can distinguish patients with low BMD.

All HCV children with low BMD, a part from
one patient with normal puberty, had past medical
problems (acute lymphoblastic leukemia in 2 patients;
non-Hodgkin lymphoma in 1 patient; 1 patient with
operated posterior urethral valve and recurrent urinary
tract infection; and another patient with chronic iron

Table 2. Comparative analysis of different baseline parameters among patients' densitometric groups (n=46)

Parameters Normal BMD (n=30) At risk for low BMD (#=10) Low BMD (n=06) P value
Age in y, meantSD 9.0+£3.2 12.3+4.4 14.8+1.4 0.001
Sex (M/F), n 23/7 9/1 5/1 0.615
Probable duration of illness in y 5.442.9 6.6+2.8 6.8+5.2 0.501
Weight Z score, mean+SD (range) -0.48+0.61 (-1.80-0.48) -0.62+0.75 (-1.41-1.08) -0.82+1.27 (-2.0-1.23) 0.573
Height Z score, mean+SD (range) -0.32+0.76 (-1.57-1.59) -0.42+1.04 (-1.85-1.62) -0.44+1.22 (-1.55-1.80)  0.919
BMI Z score, mean+SD (range) -0.45+0.71 (-1.90-0.99) -0.44+0.92 (-1.45-1.75) -0.54+1.20 (-2.08-1.06)  0.964
Pubertal stage, n (%)

Pre-pubertal 24 (80.0) 4 (40) 1(16.7)

Arrested puberty - 1(10) 1(16.7) 0.002

Normal puberty 5(16.7) 2 (20) 1(16.7)

Delayed puberty 1(3.3) 3 (30) 3 (50.0)
Viral load (TU/mLx10°%), mean=SD 1.40£1.90 2.50£3.70 7.30+1.40 0.316
Serum calcium (mg/dL), mean+SD 9.09+0.60 8.98+0.79 9.07+0.81 0.910
Serum phosphate (mg/dL), mean+SD 5.61+0.51 5.73+£0.62 5.62+0.72 0.841
Serum total ALK phospahtase (U/L), mean+SD 281.43+143.17 228.50+119.45 247.50+144.26 0.551
Serum parathyroid hormone (mg/dL), mean+SD 29.65+7.44 31.75+11.06 29.87+6.27 0.780
Past co-morbidities, 1 (%)

Absent 12 (40.0) 3(30) 1(16.7) 0.440

Present 18 (60.0) 7 (70) 5(83.3)
Histology activity index, n (%)

Minimal (1-3) 9(30.0) 2 (20) 1(16.7)

Mild (4-6) 16 (53.3) 5(50) 3(50.0) 0.815

Moderate (7-9) 5(16.7) 3(30) 2(33.3)
Histology fibrosis score, 1 (%)

No and portal-periportal fibrosis (Ishak 0-2) 21 (70.0) 6 (60) 4 (66.7) 0.845

Bridging fibrosis (Ishak 3-4) 9 (30.0) 4 (40) 2(33.3)

SD: standard deviation; BMD: bone mineral density; M: male; F: female; BMI: body mass index; ALK: anaplastic lymphoma kinase.

Table 3. Changes in densitometric data during and after PEG-IFN a plus RV therapy

Baseline densitometric data

Densitometric data 24th  Densitometric data 48th wk of
wk of therapy (n=29)

therapy (n=25)

Densitometric data 72nd wk
(off-therapy) (n=25)

Variables Patients completed Patients completed

+

24 wk therapy 48 wk therapy Measurements P Measurements P Measurements P P
(n=29) (n=25)
BMD, mean+SD 0.74+0.17 0.75+0.18 0.80+0.17 <0.001  0.84+0.18 <0.001 0.003 0.82+0.20 <0.001 0.121
BMC, mean+SD 20.32+12.48 21.37+13.14 22.57+12.60 <0.001 25.85£13.49 <0.001 <0.001 25.21+13.96 <0.001 0.104
Z score, median  -0.51 -0.66 0.10 0.12 0.11
(rango) (:3.50-131)  (-3.50-1.31) (2.40-2.07) 0001 "30.904) <0001 0655 7. 3,,3 0461 0.080

*: test of significance for densitometric data changes from baseline; §: test of significance for densitometric data changes at 48th wk of therapy vs.
24th wk of therapy; i: test of significance for densitometric data changes at 72nd wk (off-therapy) therapy vs. 48th wk of therapy. SD: standard

deviation; BMD: bone mineral density; BMC: bone mineral content.
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deficiency anemia). The average duration for these past
medical coditions was 4+1.2 years; all patients had
improved these conditions prior to receiving antiviral
therapy.

Baseline densitometric parameters (BMD & BMC)
were significantly positively correlated with patients'
age, weight, height, BMI and hemoglobin level (»=0.79,
0.81, 0.8, 0.61 and 0.48, respectively; P<0.001) for the
former; (»=0.81, 0.85, 0.82, 0.64 and 0.51, respectively;
P<0.001) for the later. While they were insignificantly
correlated with the probable duration of the disease,
ALT, AST, GGT, total bilirubin, direct bilirubin,
albumin levels, basal viral load, histopathology activity
index and fibrosis score.

Changes in densitometric data during and after the
combined therapy

Densitometric parameters reported at 24th week of
therapy (29 patients) showed statistically significant
improvement from the baseline. Further follow up
DXA scan results at 48th week of therapy (25 patients)
showed the same results as compared with the baseline
parameters as well as those reported by the 24th
week of therapy. This improvement was found to be
sustainable by the 24th week after therapy, the reported
densitometric data were still significantly better than
the baseline parameters with no statistically significant
difference from those reported at the 48th week of
therapy (Table 3).

Seventeen patients (virological nonresponders)
were withdrawn from the study at 12-week because
discontinuation of treatment. Two patients of this
group had "low BMD" and 5 patients had "at risk
of low BMD"; at this point they were referred to
Endocrinology Unit where they received appropriate
managments. The remaining group of patients (n=10)
showed normal densiometric parameters at baseline and
they receive only routine care.

Discussion
It is well known that chronic liver disease affects the
bone metabolism and BMD adversely."*'” Since the
bone development during childhood and adolescence
is the key determinant of adult skeleton health,”” the
current study aims at assessing BMD in children with
non-cirrhotic CHC infection at diagnosis, during PEG-
IFNa and RV therapy and at 6 months after end of
treatment.

In our study, normal BMD was reported in 30 of
46 children with CHC at baseline; 10 patients were
at risk for low BMD; and only 6 (13%) children had
low BMD. Thess results were in agreement with those
observed by Mora et al,””"! who found no significant

difference in BMD between chronically infected
untreated children with HCV and HBV infections and
healthy controls.

The peak bone mass is normally achieved by late
adolescence and early adulthood,””! however, in our
study children with low BMD were older than the rest
of the study population. The reduction in the BMD
in these patients may be, partialy, related to delayed
puberty which was reported in most of them (5 out of
6 patients) that may be attributed to their past medical
illnesses. Half of patients with low BMD experienced
malignant tumors (two patients with acute lymphoblastic
leukemia, one patient with lymphoma). Delayed
puberty together with other endocrinal deficits are well
recognized outcome in 40%-60% of pediatric patients
who survived malignancy.”” This pubertal delay may be
secondary to malnutrition, emotional deprivation, side
effects of chemotherapy™’ and possible hypothalamo-
piuitary gonadal axis abnormalities related to high dose
cranial irradiation.”**

Furthermore, a strong relationship was described
between malignancies and osteoporosis owing to cancer
itself, decreased physical activity and chemotherapeutic
agents.”” In acute lymphoblastic leukemia, leukemic cells
may infiltrate bone and secrete PTH and PTH related
peptides causing bone resorption.”™*” Also corticosteroids
and methotrexate inhibit osteoblastic activity as well as
increase osteoclastic bone resorption.***") High doses of
both agents tend to cause persistent decrease in BMD
even after completion of chemotherapy."***!

Many studies on adult populations showed reduction
in BMD among patients with HCV infection."**’
However, this may be due to involvement of cirrhotic
patients in most of these studies, while in non-cirrhotics,
only few studies reported affection in BMD."**”
Moreover, a study on CHC well-nourished patients with
preserved liver function, revealed no significant bone
alterations.””

None of the liver related parameters such as histology
activity index, fibrosis score or HCV RNA load was
significantly correlated with BMD. This is consistent
with Bunchorntavakul et al®” who did not find any
correlation between BMD and HCV RNA or predictors
of the degree of necroinflammation, fibrosis and steatosis
on liver histology. In contrast, Schiefke et al*” had
observed significant reduction in BMD in non-cirrhotic
chronic hepatitis B or C infection that is proportionate
to the advance in hepatic fibrosis. The reason of this
controversy may be the presence of patients with
advanced fibrosis in the later who were absent in the
former studies like the situation in our series.

An interesting finding in the current study is that all
densitometry parameters showed significant increment
during and after PEG-IFN o and RV therapy compared
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with the baseline results. The possible explanation is that
IFNa has positive effect on bone metabolism; however the
exact mechanism is not fully understood.”"’ These results
are supported by the finding of Bunchorntavakul et al™”
who found significant increase in BMD after treatment
of CHC patients with combined IFN « and RV. Also,
Hofmann et al*” found a significant increase of BMD in
CHC adult patients without established cirrhosis treated
with PEG-IFNa and RV, which may last in patients with
SVR.

On the contrary, Solis-Herruzo et al"® had reported
lower BMD in adult male patients receiving RV
and IFN o than those receiving IFN o only and they
suggested that RV was responsible for this adverse
effect. However, it was a cross-sectional study which
did not evaluate patients before treatment making
these results inconclusive. Moreover, in a series of 20
pediatric patients with chronic HCV infection, Urganci
et al® did not find any ribavirin-dependent changes
related to bone mineral metabolism. Fortunately in our
study chronic HCV infection led a relatively benign
course as none of our patients had marked inflammation
nor advanced fibrosis, also liver related laboratory
results were satisfactory. Furthermore, we did not face
major complication during treatment with PEG-IFNa
and RV such as psychosis or depression that may affect
nutrition or physical activity of the patients.

In conclusion, low BMD can be reported in a few
percentages of pediatric CHC cases, particularly older
children with delayed puberty and other comorbidities.
Treatment with PEG-IFN « and RV had a sustainable
positive impact on BMD, thus DXA scanning is not
requested to monitor treatment side effects.

Funding: No funding from any source, research agencies or
organizations had been received.

Ethical approval: The principles outlined in the Declaration of
Helsinki were followed and informed consents were obtained
after study protocol approved by the local Ethics Committee of
Mansoura University, Faculty of Medicine, Egypt.

Competing interest: All authors have no conflicts of interest.
Contributors: Megahed A suggested the idea, participated in
study design, patients selection and treatment monitoring. Salem N
participated in study design, organization and interpretation of DXA
scanning, writing the primary draft. Fathy A shared in writing the
primary draft, patients selection and follow-up. Barakat T shared
in data collection and interpretation, patients selection and follow-
up. Alsayed MAEL contributed to the study design, data collection
and interpretation, patients selection and follow-up. Mabood SAE
participated in writing the primary draft, patients selection and
follow up. Zalata KR contributed to pathology reporting of obtained
liver biopsies, data analysis. Abdalla AF supervised and organized
the work, and participated in study design. All authors revised and

approved the final version of the manuscript.

World J Pediatr, Vol 13 No 4 - August 15, 2017 - www.wjpch.com

References

1 Lavanchy D. The global burden of hepatitis C. Liver Int 2009;
29:74-81.

2 Shepard CW, Finelli L, Alter MJ. Global epidemiology of
hepatitis C virus infection. Lancet Infect Dis 2005;5:558-567.

3 Kamal SM, Nasser IA. Hepatitis C genotype 4: what we know
and what we don't yet know. Hepatology 2008;47:1371-1383.

4 Guerra J, Garenne M, Mohamed M, Fontanet A. HCV burden
of infection in Egypt: results from a nationwide survey. J Viral
Hepat 2012;19:560-567.

5 Rosenthal P. Chronic hepatitis C viral infection in childhood: to
treat or not to treat with interferon-that is the question. J Pediatr
Gastroenterol Nutr 1997;23:363-364.

6 Khalifa AS, Mitchell BS, Watts DM, el-Samahy MH, el-Sayed
MH, Hassan NF, et al. Prevalence of hepatitis C viral antibody in
transfused and nontransfused Egyptian children. Am J Trop Med
Hyg 1993;49:316-321.

7 El-Raziky MS, El-Hawary M, Esmat G, Abouzied AM, El-
Koofy N, Mohsen N, et al. Prevalence and risk factors of
asymptomatic hepatitis C virus infection in Egyptian children.
World J Gastroenterol 2007;13:1828-1832.

8 Bortolotti F, Verucchi G, Camma C, Cabibbo G, Zancan
L, Indolfi G, et al. Long-term course of chronic hepatitis C
in children: from viral clearance to end-stage liver disease.
Gastroenterology 2008;134:1900-1907.

9 Rodrigue JR, Balistreri W, Haber B, Jonas MM, Mohan P,
Molleston JP, et al. Peginterferon with or without ribavirin has
minimal effect on quality of life, behavioral/emotional, and
cognitive outcomes in children. Hepatology 2011;53:1468-1475.

10 Pockros PJ. Advances in newly developing therapy for chronic
hepatitis C virus infection. Front Med 2014;8:166-174.

11 An open-label study of the effect of telaprevir in combination
with peginterferon alfa-2b and ribavirin in pediatric subjects
infected with hepatitis C virus (NCT01701063). https://www.
clinicaltrials.gov/ct2/show/NCT01701063 (accessed January 15,
2015).

12 Pharmacokinetics of boceprevir in pediatric subjects with chronic
hepatitis C genotype 1 (P07614) (NCT01425190). https://www.
clinicaltrials.gov/ct2/show/ NCT0142510 (accessed January 15,
2015).

13 Rouillard S, Lane NE. Hepatic osteodystrophy. Hepatology
2001;33:301-307.

14 Hay JE. Osteoporosis in liver diseases and after liver
transplantation. J Hepatol 2003;38:856-865.

15 Leslie WD, Bernstein CN, Leboff MS. AGA technical review
on osteoporosis in hepatic disorders. Gastroenterology
2003;125:941-966.

16 Collier J. Bone disorders in chronic liver disease. Hepatology
2007;46:1271-1278.

17 Floreani A, Mega A, Camozzi V, Baldo V, Plebani M, Burra P,
et al. Is osteoprosis a peculiar association with primary biliary
cirrhosis? World J Gastroenterol 2005;11:5347-5350.

18 Duarte M, Farias M, Coelho H, Mendonga LM, Stabnov LM,
do Carmo d Oliveira M, et al. Calcium-parathyroid hormone-
vitamin D axis and metabolic bone disease in chronic viral liver
disease. J Gastroenterol Hepato 2001;16:1022-1027.

19 Solis-Herruzo JA, Castellano G, Fernandez I, Munoz R, Hawkins
F. Decreased bone mineral density after therapy with alpha
interferon in combination with ribavirin for chronic hepatitis C. J
Hepatol 2000;33:812-817.

20 Bunchorntavakul C, Chotiyaputta W, Sriussadaporn S,

351



World Journal of Pediatrics

Tanwandee T. Bone mineral density in Thai patients with chronic
hepatitis C, before and after treatment with pegylated interferon/
ribavirin combination. Thia J Gastroentrol 2007;8:73-77.

21 Mora S, Giacomet V, Vigano A, Maruca K, Capelli S, Nannini
P, et al. Areal bone mineral density in pediatric patients with
chronic hepatitis B or chronic hepatitis C. Calcif Tissue Int
2014;95:218-221.

22 Mahdy KA, Ahmed HH, Mannaa F, Abdel-Shaheed A. Clinical
benefits of biochemical markers of bone turnover in Egyptian
children with chronic liver diseases. World J Gastroenterol
2007;13:785-790.

23 Maccabruni A, Zaramella M, Pedrotti L, Lucanto S, Quaglini S,
Mora R. Bone disorders in children and adolescents with chronic
HCYV infection. Clin Cases Miner Bone Metab 2014;11:99-104.

24 Urganci N, Gulec SG, Arapoglu M, Vural S, Nuhog A. The effect
of ribavirin on bone density in patients with chronic hepatitis C
treated with interferon-ribavirin therapy. J Pediatr Gastroenterol
Nutr 2005;41:650-652.

25 Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat
F, et al. Histological grading and staging of chronic hepatitis. J
Hepatol 1995;22:696-699.

26 Lee PA. Disorder of puberty. In: Lifshitz F, ed. Pediatric
endocrinology, 3rd ed. New York: Marcel Dekker Inc, 1996:
179-195.

27 Argente J. Diagnosis of late puberty. Horm Res 1999;51:95-100.

28 Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis,
management, and treatment of hepatitis C: an update. Hepatology
2009;49:1335-1374.

29 Gordon CM, Bachrach LK, Carpenter TO, Crabtree N, El-Hajj
Fuleihan G, Kutilek S, et al. Dual energy X-ray absorptiometry
interpretation and reporting in children and adolescents: the 2007
ISCD pediatric official positions. J Clin Densitom 2008;11:43-
58.

30 Bishop N, Braillon P, Burnham J, Cimaz R, Davies J, Fewtrell M,
et al. Dual-energy X-ray aborptiometry assessment in children
and adolescents with diseases that may affect the skeleton:
the 2007 ISCD Pediatric Official Positions. J Clin Densitom
2008;11:29-42.

31 El-Ziny MA, Al-Tonbary YA, Salama OS, Bakr AA, Al-
Marsafawy H, Elsharkawy AA. Low turnover bone disease
in Egyptian children with acute leukemia. Hematology
2005;10:327-333.

32 Bianchi ML, Baim S, Bishop NJ, Gordon CM, Hans DB,
Langman CB, et al. Official positions of the International Society
for Clinical Densitometry (ISCD) on DXA evaluation in children
and adolescents. Pediatr Nephrol 2010;25:37-47.

33 Hartman C, Hochberg Z, Shamir R. Osteoporosis in pediatrics.
Isr Med Assoc J 2003;5:509-515.

34 Thomas-Teinturier C, Salenave S. Endocrine sequelae after
treatment of pediatric cancer: from childhood to adulthood. Bull
Cancer 2015;102:612-621.

35 Umtawska W, Krzyzanowska M. Puberty in certain chronic
illness. Pediatr Endocrinol Diabetes Metab 2009;15:216-218. [In
Polish]

36 Alves CH, Kuperman H, Dichtchekenian V, Damiani D, Della
Manna T, Cristofani LM, et al. Growth and puberty after
treatment for acute lymphoblastic leukemia. Rev Hosp Clin Fac
Med Sao Paulo 2004;59:67-70.

37 Kang MJ, Lim SJ. Bone mineral density deficits in childhood

cancer survivors: pathophysiology, prevalence, screening, and
management. Korean J Pediatr 2013;56:60-67.

38 Halton JM, Atkinson SA, Fraher L, Webber CE, Cockshott WP,
Tam C, et al. Mineral homeostasis and bone mass at diagnosis
in children with acute lymphoblastic leukemia. J Pediatr
1995;126:557-564.

39 Arikoski P, Komulainen J, Riikonen P, Voutilainen R, Knip
M, Kroger H. Alterations in bone turnover and impaired
development of bone mineral density in newly diagnosed
children with cancer: a 1-year prospective study. J Clin
Endocrinol Metab 1999;84:3174-3181.

40 Pfeilschifter J, Diel 1J. Osteoporosis due to cancer treatment:
pathogenesis and management. J Clin Oncol 2000;18:1570-
1593.

41 Wheeler DL, Vander Griend RA, Wronski TJ, Miller GJ, Keith
EE, Graves JE. The short- and long-term effects of methotrexate
on the rat skeleton. Bone 1995;16:215-221.

42 Holzer G, Krepler P, Koschat MA, Grampp S, Dominkus M,
Kotz R. Bone mineral density in long-term survivors of highly
malignant osteosarcoma. J Bone Joint Surg Br 2003;85:231-237.

43 Mandel K, Atkinson S, Barr RD, Pencharz P. Skeletal morbidity
in childhood acute lymphoblastic leukemia. J Clin Oncol
2004;22:1215-1221.

44 Corazza GR, Trevisani F, Di Stefano M, De Notariis S, Veneto G,
Cecchetti L, et al. Early increase of bone resorption in patients
with liver cirrhosis secondary to viral hepatitis. Dig Dis Sci
2000;45:1392-1399.

45 Carey EJ, Balan V, Kremers WK, Hay JE. Osteopenia and
osteoporosis in patients with end-stage liver disease caused by
hepatitis C and alcoholic liver disease: not just a cholestatic
problem. Liver Transpl 2003;9:1166-1173.

46 Schiefke I, Fach A, Wiedmann M, Aretin AV, Schenker E, Borte
G, et al. Reduced bone mineral density and altered bone turnover
markers in patients with non-cirrhotic chronic hepatitis B or C
infection. World J Gastroenterol 2005;11:1843-1847.

47 Hofmann WP, Kronenberger B, Bojunga J, Stamm B, Herrmann
E, Biicker A, et al. Prospective study of bone mineral density
and metabolism in patients with chronic hepatitis C during
pegylated interferon alpha and ribavirin therapy. J Viral Hepat
2008;15:790-796.

48 Nanda KS, Ryan EJ, Murray BF, Brady JJ, McKenna MJ, Nolan
N, et al. Effect of chronic hepatitis C virus infection on bone
disease in postmenopausal women. Clin Gastroenterol Hepatol
2009;7:894-899.

49 Luchi S, Fiorini I, Meini M, Scasso A. Alterations of bone
metabolism in patients with chronic C virus hepatitis. Infez Med
2005;13:23-27. [In Italian]

50 Pelazas-Gonzalez R, Gonzalez-Reimers E, Aleman-Valls MR,
Santolaria-Fernandez F, Lopez-Prieto J, Gonzalez-Diaz A, et
al. Bone alterations in hepatitis C virus infected patients. Eur J
Intern Med 2013;24:92-96.

51 Goodman GR, Dissanayake IR, Gorodetsky E, Zhou H, Ma YF,
Jee WS, et al. Interferon-alpha, unlike interferon-gamma, does
not cause bone loss in the rat. Bone 1999;25:459-463.

Received May 20, 2015
Accepted after revision December 17, 2015

352 World J Pediatr, Vol 13 No 4 - August 15, 2017 - www.wjpch.com



